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appropriate food safety compliance. This Thesis showed that Hazard Analysis and Critical 

Control Point (HACCP) on packaging does not necessarily guarantee quality assurance and 

that some regulatory bodies in the exporting country may require assistance to better 

understand their obligations under the HACCP system. Finally, this Thesis contributed to our 

knowledge of not only zoonotic parasites which may enter in FP imported to Australia and are 

a human health concern but also non-zoonotic species which are a threat to the bio diversity of 

Australian aquatic species. This contribution may be used to update Australian inspection 

protocols for imported FP. 
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many challenges to the safety of the imported FP through a careful investigation of the 

Australian legislation which supports the inspection of imported edible FP and the international 

trade agreements which influences Australian policy and procedures. 
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imported during 2020, with 85.69% of imported tuna supplied by Thailand and 12% by 

Indonesia. Imported FP during 2020 were distributed throughout Australia by state in 

descending order (kg: %): NSW (80,704,192: 39.19), VIC (70,672,602: 34.32), QLD 

(31,621,358: 15.35), WA (15,425,152: 07.49), SA (6,979,725: 03.38), TAS (499,080: 0.24) and 

NT (15,376) (FRDC, 2020b). During 2020, by state the average PP consumption of imported 

FP was in descending order (kg): VIC (10.60), NSW (9.40), QLD (6.08), WA (5.77), SA (3.90), 

TAS (0.92) and NT (0.06). Both VIC and NSW have a PP average consumption of imported 

FP above the national average and these two states have a clear reliance on the imported product 

to meet consumer needs (Figures 1A-1B). Generic edible fish (63,387,652kg) was the largest 

fish group imported during 2020. The main suppliers of generic fish were New Zealand 

(25.17%), China (14.01%), Vietnam (13.923%) and Thailand (11.68%). 

Figure 1. 1A. Endpoint of imported seafood by state (2020) and 1B, average PP consumption of imported seafood by 
state (2020). Quantities in Figure 1A are expressed in tonnes. Figure 1B per PP consumption (kg) of imported seafood was 
calculated based on seafood endpoint data divided by state population during 2020. 

The Australian Bureau of Statistics shows the cost of living rose by 2.2% between 2019-2020 

(ABS, 2020b), however wage growth at 1.8% for the same time period was weak (ABS, 

2020a). Although Australian premium fish products are available for purchase within Australia 

the cost may preclude the average Australian consumer from operating within this market. 

Imported basa (Pangasius spp.) fillets from Vietnam (ABARES, 2017; Dep. of Ag, 2015; 

Ruello, 2011) address a dietary preference for white neutral flavoured low-cost fish within 

Australia (Ruello, 2011). During 2020, carp (Cyprinus spp, Carassius spp, Ctenopharyngodon 

idellus, Hypophthalmichthys spp, Cirrhinus spp, Mylopharyngodon piceus, Catla catla, Labeo 

spp, Osteochilus hasselti, Leptobarbus hoeveni, Megalobrama spp.), catfish (basa) (Pangasius 

spp, Silurus spp, Clarias spp, Ictalurus spp.), and tilapia (Oreochromis spp.) were the main 
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2018. Sub Saharan African countries who import freshwater FP into Australia had no access to 

improved and safely managed sanitation systems, with 22.9% of the population having access 

to open defecation, and 31.2%, 17.9% and 28.1% to unimproved, limited and basic sanitation, 

respectively (Wendling et al., 2018). Australia had 68.2% and 31.8% improved and safely 

managed and basic sanitation, respectively.  

1.3.3 Zoonotic, potentially zoonotic or environmental bacteria of established or emerging 
importance 

1.3.3.1 Mycobacterium sp. 

Mycobacterium marinum is a known pathogen of fish (Ucko & Colorni, 2005). Latent/dormant 

M. marinum infection in fish can reactivate during periods of fish immunosuppression causing 

rapid outgrowth of bacteria (Parikka et al., 2012). The propensity of fish to shed this bacteria 

from the skin and gill lesions, the gastrointestinal tract, at death, and from internal organs 

during decomposition (Francis-Floyd, 2011) allows great potential for cross contamination 

between fish, work surfaces and the hands of fish process workers. Mycobacterium marinum 

has been identified in cases of human infection and is generally acquired through minor skin 

abrasions (Ucko & Colorni, 2005) after exposure to water or surfaces contaminated by infected 

fish (Hashish et al., 2018). Mycobacterium marinum has been repeatedly identified in 

commercially important farmed freshwater fish species, for example snakehead (Channa spp.) 

(Puttinaowarat et al., 2002), African sharptooth catfish (Clarias gariepinus) (Antychowicz et 

al., 2003) and Nile tilapia (O. niloticus) (Lara-Flores et al., 2014). In Thailand, M. marinum 

infections are frequently reported among fishermen and fishmongers (Kullavanijaya et al., 

1993) and human cases have been reported after injuries during fish processing (Clark et al., 

1990; Hashish et al., 2018). In a study which used molecular methodology to compare M. 

marinum isolates from Thailand with those obtained from local cases (Israel) of human 

infections, it was concluded that Israeli clinical cases may have derived from the imported fish 

trade (Ucko & Colorni, 2005). Minor skin and soft tissue infections (Ang et al., 2000) are more 

frequently reported in human infection although deep tissue conditions, bursitis, tenosynovitis, 

arthritis and osteomyelitis have also been reported (Aubry et al., 2002; Nguyen et al., 2015; 

Sanal et al., 2009; Tsai et al., 2006). 

Recently, many species of freshwater fish have been identified infected with Mycobacterium 

ulcerans. Fish concentrate this bacteria in the gills and gut, the conclusion being that infected 

fish may act as passive reservoirs (Eddyani et al., 2004). Mycobacterium ulcerans shares >98% 

nucleotide sequence identity with the M. marinum (Aubry et al., 2017). Stinear et al. (2000) 
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Heterophyidae (Chai et al., 2009), and Gymnophallidae (Chai et al., 2003a; Lee et al., 1993a; 

Lee et al., 1994) are all well represented in cases of human infection. In recent times, there has 

been an escalation in cases of human infection with myxozoan species, particularly associated 

with the consumption of tuna (Thunnus species) and olive flounder (Paralichthys olivaceus) 

sourced from Japanese waters (Suzuki et al., 2015; Takeuchi et al., 2016; Yahata et al., 2015).  

The life stage of zoonotic nematodes infectious to humans are generally considered to be larval 

stage (L3). Human infection with L3 larvae has been associated with anisakids, Gnathostoma 

spp. and Dioctophyme renale (Barua et al., 2007; Beaver & Khamboonruang, 1984; Camacho 

et al., 2003; Guillén-Bueno et al., 1999; Pampiglione et al., 2002) however human infection 

with L4 larval stage has been reported in humans with Pseudoterranova sp. (Arizono et al., 

2011; Sohn & Seol, 1994) and Eustrongylides sp. (Guerin et al., 1982). Dioctophyme renale 

and C. philippinensis (Eiras et al., 2018; Norouzi et al., 2017; Park et al., 2013a; Sadaow et al., 

2017) are able to mature to adult stage in a human host. 

 

Figure 8. Life cycles of major zoonotic parasite species. Black arrows represent Anisakis simplex, brown arrows 
Opisthorchis spp., G. spinigerum is shown with green arrows. The broken green line shows that human infection can occur 
from drinking water containing infected cyclops. Blue arrows show C. philippinensis and broken blue arrows the ability of 
infected humans to self-infect. Ochre arrows show Dibothriocephalus latus. Arrows show the route to human infection only, 
not to the respective species which are definitive hosts (A) and where the mature parasite resides. (Original figure created from 
images freely available via open access creative commons) 

Of the FP borne zoonotic trematodes, metacercariae is the life stage infectious to humans. 

Metacercariae, which develop into adults in humans after consumption of infected FP has been 

widely reported for all zoonotic trematode species (Armignacco et al., 2008; Chaiputcha et al., 
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2015; Papachristou et al., 2005; Sri-Aroon et al., 2007). The infection stage of zoonotic 

cestodes is plerocercoids in fish musculature (Ikuno et al., 2018; Scholz & Kuchta, 2016) and 

Dibothriocephalus latus may mature in the human host. 

Adequate cooking and freezing according to the methods described in the relevant Codex 

standards is sufficient to kill all of the described zoonotic parasites in FP. At present the 

nematode A. simplex and A. pegreffii are the only species known to cause allergic reactions of 

varying exigency in humans (Alonso-Gómez et al., 2004; Mattiucci et al., 2017a; Mattiucci et 

al., 2013) after consumption of contaminated cooked, canned or processed FP. Allergens in A. 

simplex are demonstrated to be heat, canning and freezing stable and killed parasites in fish 

represent an allergen risk to some (Audicana et al., 1995; Carballeda-Sangiao et al., 2014).  

1.4.1 Myxozoans of families Kudoidae and Myxobolidae 

Human infection occurs from myxozoan species after consumption of raw or undercooked FP 

infected with sporulated parasite cysts conserved in fish musculature (Abe & Maehara, 2013) 

and manifests predominantly by vomiting and diarrhoea (Suzuki et al., 2015). Table 2 includes 

fish species which have been identified infected with myxozoan species and Table 3 cases of 

human infection. 

Table 2. Fish species (globally) identified infected with a myxozoan parasite 

Parasite identified Fish species Region where fish identified 
infected 

Kudoa hexapunctata Pacific bluefin tuna (juvenile) 
(Thunnus orientalis) 

Japanese waters (Suzuki et al., 
2015; Yokoyama et al., 2014) 

Kudoa iwatai Flatheads (Platycephalus sp.) Japan (Kasai et al., 2015) 
Kudoa neothunni Pacific bluefin tuna (juvenile) 

(Thunnus orientalis) 
Japan (Abe & Maehara, 2013) 

Kudoa neothunni Yellowfin tuna (Thunnus 
albacares) 

Japanese waters (Abe & Maehara, 
2013; Yokoyama et al., 2014) 

Kudoa septempunctata Black scraper (Thamnaconus 
modestus) 

Hypothesized as imported to 
Japan from Korea via aquaculture 
olive flounder (Kasai et al., 2016) 

Kudoa septempunctata 
  

Olive flounder (Paralichthys 
olivaceus) 

Japanese waters (Kasai et al., 
2016) 

Kudoa septempunctata Olive flounder (Paralichthys 
olivaceus), 

Imported to Japan from Korea 
(Matsukane et al., 2010) 

Kudoa shiomitsui 
  

Olive flounder (Paralichthys 
olivaceus) 

Japanese waters (Kasai et al., 
2016) 

Kudoa shiomitsui Puffer fish (Takifugu rubripes) Japanese waters (Kasai et al., 
2016) 

Kudoa shiomitsui 
 

Unicorn leatherjacket (Aluterus 
Monoceros) 

Japanese waters (Kasai et al., 
2016) 

Kudoa thyrsites Atlantic chub mackerel (Scomber 
colias) 

Portuguese waters (Cavaleiro et 
al., 2021) 

Kudoa thyrsites Atlantic mackerel (Scomber 
scombrus) 

Norwegian Sea (Giulietti et al., 
2019) 
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Parasite identified Fish species Region where fish identified 
infected 

Kudoa thyrsites Black scraper (Thamnaconus 
modestus) 

Japanese waters (Kasai et al., 
2016) 

Kudoa thyrsites Blue whiting (Micromesistius 
poutassou) 

Portuguese waters (Cavaleiro et 
al., 2021) 

Kudoa thyrsites  Olive flounder (Paralichthys 
olivaceus) 

Japanese waters (Kasai et al., 
2016) 

Kudoa thyrsites Silver scabbardfish 
(Lepidopus caudatus)  

Western Mediterranean Sea 
(Giulietti et al., 2019) 

Kudoa trachuri Japanese jack mackerel 
(Trachurus japonicus) 

Japan (Kasai et al., 2015) 

 

Table 3. Fish species (globally) implicated in cases of human infection from a myxozoan parasite 

Parasite responsible for human 
infection 

Fish species consumed Region where human infection 
identified  

Henneguya salminicola Unknown Canada/ sporadic cases 
(McClelland et al., 1997) 

Kudoa hexapunctata Greater amberjack (Seriola 
dumerili) 

Japan/multiple (Suzuki et al., 
2015) 

Kudoa hexapunctata Olive flounder (Paralichthys 
olivaceus) 

Japan/multiple (Suzuki et al., 
2015) 

Kudoa hexapunctata Tuna (Thunnus spp.) Japan (Suzuki et al., 2015) 
Kudoa neothunni Pacific bluefin tuna, (Thunnus 

orientalis) 
Japan/multiple (Yokoyama et al., 
2014) 

Kudoa septempunctata Olive flounder (Paralichthys 
olivaceus) 

Japan/multiple (Kawai et al., 
2012; Sugita-Konishi et al., 2014) 

Myxobolus plectroplites Golden perch (Macquaria 
ambigua)  

Australia (Boreham et al., 1998) 

Myxobolus sp. Unknown Columbia (Moncada et al., 2001) 
Myxobolus sp. Unknown Ismailia (Hessen & Zamzame, 

2004) 
 

Myxozoan parasites have low host specificity and may be advantaged by globalisation, the 

expansion of the aquaculture industry and the movement of seed stock to different geographical 

locations. In Japanese waters, there appears a link between the introduction of aquaculture fish 

infected with a myxozoan sp. and subsequent infection of other aquacultured and free-living 

wild caught fish species. Farmed olive flounder (P. olivaceus), exported from Korea to Japan, 

were identified infected with K. septempunctata (Matsukane et al., 2010). In the case of Kudoa 

sp. infection of black scraper fish, Kasai et al. (2016) hypothesises that fish may have become 

accidental hosts subsequent to the importation of K. septempunctata infected olive flounder. 

Kudoa shiomitsui was originally associated with cultured puffer fish (T. rubripes) and is now 

an ongoing problem in olive flounder (P. olivaceus) (Kasai et al., 2016). In a study of parasites 

which infect cultured freshwater fish in India, myxozoans were present in 26.28% of fish and 

were the major parasitic group identified (Kaur, 2014). In the past fish from Japanese waters 

have been the focal point for infection with myxozoans. However, in recent times fish from the 
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Parasite identified Fish species Region where fish identified 
infected 

Gnathostoma sp. Sleeper sp. (Gobiomorus sp.) Mexico (Camacho et al., 2002) 
Gnathostoma sp. Spotted sleeper (Eleotris picta) Mexico (Camacho et al., 2002) 
Gnathostoma sp. Spotted sleeper (Eleotris picta) Mexico (Leon-Regagnon et al., 

2000) 
Gnathostoma sp. Three spot chichlid (Cichlasoma 

trimaculatum) 
Mexico (Leon-Regagnon et al., 
2000) 

Gnathostoma sp. Tilapia (Oreochromis sp.) Mexico (Camacho et al., 2002) 
Gnathostoma binucleatum Tilapia (Oreochromis sp.) N/S (Nawa et al., 2005) 
Gnathostoma gracile Arapaima (Arapaima gigas) Brazil (Eiras, 2016) 
Gnathostoma hispidum  Loach N/S (Nawa et al., 2005) 
Gnathostoma lamothei Swamp eel (Monopterus albus). USA (Cole et al., 2014) 
Gnathostoma spinigerum Bighead catfish 

(Clarias macrocephalus) 
Thailand (Rojekittikhun et al., 
2004b) 

Gnathostoma spinigerum Blotched snakehead (Channa 
lucius) 

Thailand (Rojekittikhun et al., 
2004b) 

Gnathostoma doloresi Brook trout N/S (Nawa et al., 2005) 
Gnathostoma spinigerum Butter sheatfish (Ompok 

krattensis) 
Thailand (Rojekittikhun et al., 
2004b) 

Gnathostoma spinigerum Catfish N/S (Nawa et al., 2005) 
Gnathostoma spinigerum Climbing perch (Anabas 

testudineus) 
Thailand (Rojekittikhun et al., 
2004b) 

Gnathostoma spinigerum Indonesian/Giant snakehead 
(Channa micropeltes) 

Thailand (Rojekittikhun et al., 
2004b) 

Gnathostoma nipponicum Loach N/S (Nawa et al., 2005) 
Gnathostoma spinigerum Mystus microphthalmus, Bangladesh (Bashirullah, 1972a) 
Gnathostoma spinigerum Nile Tilapia (Oreochromis 

niloticus) 
Nigeria (Awosolu et al., 2018) 

Gnathostoma spinigerum Philippine catfish/Batrachian 
walking catfish (Clarius 
batrachus) 

Thailand (Rojekittikhun et al., 
2004b) 

Gnathostoma spinigerum Philippine catfish/Batrachian 
walking catfish (Clarius 
batrachus) 

Bangladesh (Bashirullah, 1972a) 

Gnathostoma spinigerum Rice eel (Monopterus cuchia). Asia to USA (Cole et al., 2014) 
Gnathostoma spinigerum Snakehead (Channa sp.) N/S (Nawa et al., 2005) 
Gnathostoma spinigerum Stinging catfish (Heteropneustes 

fossilis) 
Bangladesh (Bashirullah, 1972a) 

Gnathostoma spinigerum Striped snakehead (Channa 
striata) 

Thailand (Rojekittikhun et al., 
2004b) 

Gnathostoma spinigerum Swamp eel (Monopterus albus) Thailand (Rojekittikhun et al., 
2004a; Rojekittikhun et al., 
2004b) 

Gnathostoma spinigerum Swamp eel (Monopterus albus) Asia to USA (Cole et al., 2014) 
Gnathostoma spinigerum Swamp eel (Monopterus albus) Thailand (Rojekittikhun et al., 

2004b) 
Gnathostoma spinigerum Tilapia (Oreochromis sp.) Mexico (Ogata et al., 1998) 
Gnathostoma spinigerum Wallago (Wallago attu) Bangladesh (Bashirullah, 1972a) 
Gnathostoma turgidum  Swamp eel (Monopterus albus) USA (Cole et al., 2014) 

 

Table 5. Fish species (globally) implicated in cases of human infection from a Gnathostoma species parasite 

Parasite responsible for human 
infection 

Fish species consumed if known Region where human infection 
identified 

Gnathostoma sp. 
 

Raw bream likely United Kingdom (Herman et al., 
2009a) 
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Parasite responsible for human 
infection 

Fish species consumed if known Region where human infection 
identified 

Gnathostoma sp. Unknown USA (Hale et al., 2003) 
Gnathostoma sp. Unknown Mexico (Diaz Camacho et al., 

1998) 
Gnathostoma binucleatum Unknown Brazil (Dani et al., 2009) 
Gnathostoma doloresi Spotted sleeper perch (Eleotris 

picta) 
Mexico (Camacho et al., 2003) 

Gnathostoma hispidum Unknown Spain (Montero et al., 2001) 
Gnathostoma spinigerum Unknown Thailand (Sawanyawisuth et al., 

2004) 
Gnathostoma spinigerum Unknown Sweden (Claesson et al., 2004) 
Gnathostoma spinigerum Unknown Thailand (Schmutzhard et al., 

1988) 
Gnathostoma spinigerum Unknown Switzerland (Chappuis et al., 

2001) 
Gnathostoma spinigerum Unknown Spain (Górgolas et al., 2003) 
Gnathostoma spinigerum Unknown Myanmar (Chai et al., 2003b) 
Gnathostoma spinigerum Unknown Sweden (Claesson et al., 2004) 
Gnathostoma spinigerum Unknown France (Del Giudice et al., 2001) 
Gnathostoma spinigerum Unknown Spain (Górgolas et al., 2003) 
Gnathostoma spinigerum Unknown Germany (Grobusch et al., 2000) 
Gnathostoma spinigerum Unknown United Kingdom (Herman et al., 

2009a) 
Gnathostoma spinigerum Loach-fish Japan (Taniguchi et al., 1992) 
Gnathostoma spinigerum Unknown France (Chandenier et al., 2001) 
Gnathostoma spinigerum Unknown India (Basak et al., 2004) 
Gnathostoma spinigerum  Unknown Cambodia (Hem et al., 2015) 
Gnathostoma spinigerum  Unknown Malaysia (Yusoff & Zakariah, 

2011) 
Gnathostoma spinigerum  Unknown India (Sarkar et al., 2013) 
Gnathostoma spinigerum Unknown Switzerland (Elzi et al., 2004) 

 

Ogata et al. (1998) considers imported/introduced tilapia, farmed in Mexico since 1964, for the 

significant increase in gnathostomiasis cases regionally (Camacho et al., 2003; Diaz Camacho 

et al., 1998). In America, live eels imported for human consumption from Asia (Cole et al., 

2014) and Vietnam (Nico et al., 2011) have been demonstrated heavily infected with encysted 

and un-encysted Gnathostoma spp. larvae. Human infection has occurred where it is suggestive 

that imported FP were the causative agent. Hungary is not an endemic area for gnathostomiasis 

however human infection has occurred after eating FP at an Asian restaurant in Budapest 

(Chandenier et al., 2001). Travellers have also been diagnosed with gnathostomiasis after 

returning to their home country. Gnathostoma spinigerum was identified infecting a Swiss 

traveller returned from Peru (Chappuis et al., 2001), another returned from Asia (Elzi et al., 

2004) and a French traveller returned from Mexico (Del Giudice et al., 2001). Two Spanish 

travellers returned from Asia and Asia/Mexica/Africa respectively, an American recently 

returned from South Africa (Hale et al., 2003) and English tourists returned from Botswana 

(Herman et al., 2009b) were identified infected with Gnathostoma sp. (Górgolas et al., 2003) 
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identified, only a raw fish dish has been stipulated. The Philippines were the initial endemic 

focus of capillariasis. By 1967 over 900 human cases of human infection had been reported 

(Chitwood et al., 1968). During the Philippine epidemics, rates of mortality were reported as 

19% and 39% in female and male patients respectively (Whalen et al., 1969). Table 6 shows 

species of fish identified infected with C. philippinensis and Table 7 cases of human infection. 

Table 6. Fish species (globally) identified infected with Capillaria philippinensis   

Parasite Fish species Region where fish identified 
infected 

Capillaria sp. African sharptooth catfish 
(Clarias gariepinus) 

Nigeria (Mgbemena et al., 2020) 

Capillaria sp. African sharptooth catfish 
(Clarias gariepinus) 

Ethiopia (Hussen et al., 2012) 

Capillaria sp. Nile tilapia (Oreochromis 
niloticus) 

Bangladesh (Razzak et al., 2019) 

Capillaria sp. Redbelly tilapia (Tilapia zillii) Nigeria (Mgbemena et al., 2020) 
Capillaria sp. Tilapia fish (Oreochromis sp.) Egypt (Nashaat & Maghawri, 

2022) 
Capillaria philippinensis Blackline rasbora (Rasbora 

borapetensis) 
Philippines (Bhaibulaya & Indra-
Ngarm, 1979) 

Capillaria philippinensis Blue panchax (Aplocheilus 
panchax) 

Philippines (Bhaibulaya & Indra-
Ngarm, 1979) 

Capillaria philippinensis Broadhead sleeper (Eleotris 
melanosome) 

Philippines (Cross et al., 1972) 

Capillaria philippinensis Cardinal fish (Apogon sp.) Philippines (Cross et al., 1972) 
Capillaria philippinensis Carp dudgeon (Hypseleotris 

bipartita) 
Philippines (Cross et al., 1978) 

Capillaria philippinensis Commerson's glassy 
(Ambassis ambassis) 

Philippines (Cross et al., 1972) 

Capillaria philippinensis Common carp (Cyprinus carpio) Philippines (Bhaibulaya & Indra-
Ngarm, 1979) 

Capillaria philippinensis Croaking gourami (Trichopsis 
vittatus) 

Philippines (Bhaibulaya & Indra-
Ngarm, 1979) 

Capillaria philippinensis Eastern mosquitofish (Gambusia 
holbrookii) 

Philippines (Bhaibulaya & Indra-
Ngarm, 1979) 

Capillaria philippinensis Nile tilapia (Oreochromis 
niloticus) 

Philippines (Badar, 2007) 

Capillaria philippinensis Silver barb (Puntius gonionotus) Philippines (Bhaibulaya & Indra-
Ngarm, 1979) 

 

Table 7. Fish species (globally) implicated in cases of human infection from Capillaria philippinensis  

Parasite responsible for human 
infection 

Fish species consumed if known Region where human infection 
identified 

Capillaria philippinensis Pond loach, (Misgurnus 
anguillicaudatus) 

China (Fan et al., 2012) 

Capillaria philippinensis Rainbow trout and cyprinid fish Korea (Lee et al., 1993b) 
Capillaria philippinensis Yellowfin goby (Acanthogobius 

flavimanus) 
Korea (Jung et al., 2012) 

Capillaria philippinensis Unknown Iran (Hoghooghi-Rad et al., 1987) 
Capillaria philippinensis Unknown Korea (Kwon et al., 2000) 
Capillaria philippinensis Unknown United Arab Emirates (El Hassan 

& Mikhail, 1992) 
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Species of carp have been found heavily infected and susceptible to experimental infection 

(Bhaibulaya & Indra-Ngarm, 1979; Cross et al., 1978). Australia imported 882,896kg of edible 

carps from countries endemic for infection during 2020 (FRDC, 2020b). 

1.4.4 Dioctophyme renale of family Dioctophymidae 

Dioctophyme renale, is a zoonotic fish borne nematode parasite of mammals including humans, 

which infects the host kidney, causing serious clinical pathology (Gu et al., 2012). Although 

infective larvae in fish are considered the main transmission route in cases of human infection 

there are multiple cases where this seems highly unlikely (Agrawal et al., 2014; Urano et al., 

2001; Zolhavarieh et al., 2016). Humans can serve as definitive hosts and published cases of 

human infection frequently describe mature parasites and eggs recovered during clinical 

examination (Agrawal et al., 2014; Sardjono et al., 2008; Venkatrajaiah et al., 2014). There is 

little doubt that human infection with D. renale has increased globally since it was first 

identified during 1968 in Iran (Hanjani et al., 1968). The consumption of raw fish has been 

implicated in cases of human infection however there are very few published reports which 

describe the species of fish responsible. Table 8 shows species of fish identified infected with 

D. renale and Table 9 cases of human infection. 

Table 8. Fish species (globally) identified infected with Dioctophyme renale 

Parasite Fish species Region where fish identified 
infected 

Dioctophyme renale Acestrorhynchus lacustris Brazil (Eiras et al., 2016) 
Dioctophyme renale Atipa (Hoplosternum littorale) 

 
Brazil (Mascarenhas et al., 2019) 

Dioctophyme renale Atipa (Hoplosternum littorale) 
 

Brazil (Eiras et al., 2016) 

Dioctophyme renale Black sea roach (Rutilus frisii 
kutum) 

Iran (Mohammad et al., 2011) 

Dioctophyme renale Gymnotus sylvius Brazil (Eiras et al., 2016) 
Dioctophyme renale Pumpkinseed (Lepomis gibbosus) Canada (Measures & Anderson, 

1985) 
 

Table 9. Fish species (globally) implicated in cases of human infection from Dioctophyme renale 

Parasite responsible for human 
infection 

Fish species consumed if known Region where human infection 
identified 

Dioctophyme renale Unknown India (Agrawal et al., 2014) 
Dioctophyme renale Unknown Iran (Sadighian & Amini, 1967) 
Dioctophyme renale Unknown China (Gu et al., 2012) 
Dioctophyme renale Unknown India (Venkatrajaiah et al., 2014) 
Dioctophyme renale Unknown Iran (Norouzi et al., 2017) 
Dioctophyme renale Unknown China (Li et al., 2010) 
Dioctophyme renale Unknown USA (Kuehn et al., 2016) 
Dioctophyme renale Unknown China (Tokiwa et al., 2014) 
Dioctophyme renale Unknown Korea (Park et al., 2013a) 
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Parasite Fish species Region where fish identified 
infected 

Anisakis sp.  Patagonian toothfish 
(Dissostichus  
 eleginoides) 

South Georgia; Shag rock area; Heard 
Island; Prince Edward; Macquarie 
Island; Ross Sea (Brickle et al., 2005) 

Anisakis sp.  Patagonian toothfish 
(Dissostichus  
 eleginoides) 

Falkland Isl. waters (Brickle et al., 
2005) 

Anisakis sp.  Patagonian toothfish 
(Dissostichus  
 eleginoides) 

Falkland Isl. waters (Brown et al., 
2013) 

Anisakis brevispiculata Alaska pollock, (Theragra 
chalcogramma 

Japan (Quiazon et al., 2009) 

Anisakis brevispiculata Splendid alfonso (Beryx 
splendens) 

Japan (Murata et al., 2011) 

Anisakis brevispiculata Swordfish (Xiphias gladius) Central and the Southern Atlantic 
(Mattiucci et al., 2014) 

Anisakis paggiae Splendid alfonso (Beryx 
splendens) 

Japan (Murata et al., 2011) 

Anisakis paggiae Swordfish (Xiphias gladius) Central and the Southern Atlantic 
(Mattiucci et al., 2014) 

Anisakis pegreffii Alaska pollock, (Theragra 
chalcogramma 

Japan (Quiazon et al., 2009) 

Anisakis pegreffii Atlantic chub mackerels (Scomber 
colias)  

Italy (Gazzonis et al., 2017) 

Anisakis pegreffii Atlantic herring (Clupea 
harengus) 

Kattegat (Kuhn et al., 2013) 

Anisakis pegreffii Blue whiting (Micromesistius 
poutassou)  

Morocco (Abattouy et al., 2016) 

Anisakis pegreffii Chub mackerel (Scomber 
japonicus) 

Japan (Suzuki et al., 2010a) 

Anisakis pegreffii European anchovies, (Engraulis 
encrasicolus) 

Central Adriatic Sea (Cipriani et 
al., 2016) 

Anisakis pegreffii European anchovies (Engraulis 
encrasicolus) 

Italy (Gazzonis et al., 2017) 

Anisakis pegreffii European hake (Merluccius 
merluccius) 

Morocco (Abattouy et al., 2016) 

Anisakis pegreffii European hake (Merluccius 
merluccius) 

Italy (Kuhn et al., 2013) 

Anisakis pegreffii Greater amberjack (Seriola 
dumerili) 

Japan (Yoshinaga et al., 2006) 

Anisakis pegreffii Japanese Spanish mackerel 
(Scomberomorus niphonius) 

China (Kuhn et al., 2013) 

Anisakis pegreffii Largehead hairtail (Trichiurus 
lepturus) 

China (Kuhn et al., 2013) 

Anisakis pegreffii Pacific cod (Gadus 
microcephalus) 

China (Kuhn et al., 2013) 

Anisakis pegreffii Pacific cod (Gadus 
microcephalus) 

Japan (Abe et al., 2005) 

Anisakis pegreffii Pointhead flounder 
(Cleisthenes herzensteini) 

China China (Kuhn et al., 2013) 

Anisakis pegreffii Swordfish (Xiphias gladius) Mediterranean Sea (Mattiucci et 
al., 2014) 

Anisakis physeteris Kaup's arrowtooth eel 
(Synaphobranchus kaupii) 

China (Kuhn et al., 2013) 

Anisakis physeteris Splendid alfonso (Beryx 
splendens) 

Japan (Murata et al., 2011) 

Anisakis physeteris Swordfish (Xiphias gladius) Central and the Southern Atlantic 
(Mattiucci et al., 2014) 
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Parasite Fish species Region where fish identified 
infected 

Anisakis simplex Alaska pollock, (Theragra 
chalcogramma) 

Japan (Quiazon et al., 2009) 

Anisakis simplex Alaska pollock, (Theragra 
chalcogramma) 

Japan (Mattiucci et al., 1998) 

Anisakis simplex Antarctic toothfish 
(Dissostichus mawsoni) 

Chile (Rodríguez & George-
Nascimento, 1996) 

Anisakis simplex Arrowtooth flounder (Atheresthes 
stomias) 
 

America (Adams et al., 1999) 

Anisakis simplex Atlantic cod (Gadus morhua) Barents Sea (Kuhn et al., 2013) 
Anisakis simplex Atlantic herring (Clupea 

harengus) 
Kiel, Germany (Kuhn et al., 2013) 

Anisakis simplex Atlantic horse mackerel 
(Trachurus trachurus) 

Scheveningen (Kuhn et al., 2013) 

Anisakis simplex Atlantic mackerel (Scomber 
scombrus) 

Kattegat (Kuhn et al., 2013) 

Anisakis simplex Atlantic mackerel (Scomber 
scombrus) 

Scheveningen (Kuhn et al., 2013) 

Anisakis simplex Black scabbardfish (Aphanopus 
carbo) 

Madeira (Kuhn et al., 2013) 

Anisakis simplex Blue whiting (Micromesistius 
poutassou)  

Morocco (Abattouy et al., 2016) 

Anisakis simplex Blue whiting (Micromesistius 
poutassou)  

Barents Sea (Kuhn et al., 2013) 

Anisakis simplex Chub mackerel (Scomber 
japonicus), 

Japan (Suzuki et al., 2010a) 

Anisakis simplex Chum salmon (Oncorhynchus 
keta) 

Japan (Inoue et al., 2000) 

Anisakis simplex Chum salmon (Oncorhynchus 
keta) 

Alaska (Kuhn et al., 2013) 

Anisakis simplex Cod Poland, Baltic sea (Szostakowska 
et al., 2005) 

Anisakis simplex Coho salmon (Oncorhynchus 
kisutch) 

Russia (Inoue et al., 2000) 

Anisakis simplex European hake (Merluccius 
merluccius) 

Libyan north coast (Sharif & 
Negm-Eldin, 2013) 

Anisakis simplex European hake (Merluccius 
merluccius) 

Atlantic/north-west Africa (Valero 
et al., 2006) 

Anisakis simplex European hake (Merluccius 
merluccius) 

Mediterranean/southern Spain 
(Valero et al., 2006) 

Anisakis simplex European hake (Merluccius 
merluccius) 

Morocco (Abattouy et al., 2016) 

Anisakis simplex Flounder Poland, Baltic sea (Szostakowska 
et al., 2005) 

Anisakis simplex Haddock (Melanogrammus 
aeglefinus) 

Barents Sea (Kuhn et al., 2013) 

Anisakis simplex Hake (Merluccius sp.) Spain (Fuentes et al., 2022) 
Anisakis simplex Herring Poland, Baltic sea (Szostakowska 

et al., 2005) 
Anisakis simplex Large toothed flounder 

(Paralichthys isosceles) 
 

Brazil (Felizardo et al., 2009) 

Anisakis simplex Nichol's lanternfish 
(Gymnoscopelus nicholsi) 

Antarctic (Kuhn et al., 2013) 

Anisakis simplex Sablefish (Anoplopoma  
 fimbria) 

Santa Barbara, USA (Kuhn et al., 
2013) 
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Parasite Fish species Region where fish identified 
infected 

Anisakis simplex Sockeye salmon (Oncorhynchus 
nerka) 

Alaska (Kuhn et al., 2013) 

Anisakis simplex Whitespotted conger (Astroconger 
myriaster) 

Korea (Chai et al., 1992) 

Anisakis typica Bigeye scad (Selar 
crumenophtalmus) 

Hawaii (Kuhn et al., 2013) 

Anisakis typica Bigeye scad (Selar 
crumenophtalmus) 

Moorea (Kuhn et al., 2013) 

Anisakis typica Bullet tuna (Auxis rochei rochei) Indonesia (Kuhn et al., 2013) 
Anisakis typica Frigate tuna (Auxis thazard 

thazard) 
Indonesia (Kuhn et al., 2013) 

Anisakis typica Largehead hairtail (Trichiurus 
lepturus) 

Indonesia (Kuhn et al., 2013) 

Anisakis typica Savalai hairtail (Lepturacanthus 
savala) 

Indonesia (Kuhn et al., 2013) 

Anisakis typica Skipjack tuna (Katsuwonus 
pelamis) 

Hawaii (Kuhn et al., 2013) 

Anisakis typica Skipjack tuna (Katsuwonus 
pelamis) 

Moorea (Kuhn et al., 2013) 

Contracaecum sp. Abu mullet (Liza abu) Iraq (Al -Zubaidy, 2009) 
Contracaecum sp. African sharptooth catfish 

(Clarias gariepinus) 
Zimbabwe (Barson & Marshall, 
2004) 

Contracaecum sp. African sharptooth catfish 
(Clarias gariepinus) 

South Africa (Tavakol et al., 
2015) 

Contracaecum sp. Common carp (Cyprinus carpio) Algeria (Sara et al., 2016) 
Contracaecum sp. Flathead grey mullet (Mugil 

Cephalus) 
Senegal (Dione et al., 2014) 

Contracaecum sp. Hybrid tilapia (Oreochromis 
aureus x Oreochromis niloticus) 

Israel (Davidovich et al., 2022) 

Contracaecum sp. Largemouthed bass (Micropterus 
salmoides) 

South Africa (Tavakol et al., 
2015) 

Contracaecum sp. Large toothed flounder 
(Paralichthys isosceles) 

Brazil (Felizardo et al., 2009) 

Contracaecum sp. Mozambique tilapia (Oreochromis 
mossambicus) 

South Africa (Tavakol et al., 
2015) 

Contracaecum sp. Nile perch (Lates niloticus) Egypt (Thabit & Abdallah, 2022) 
Contracaecum sp. Redbreast tilapia (Coptodon 

rendalli) 
South Africa (Tavakol et al., 
2015) 

Contracaecum sp. Red drum (Sciaenops ocellatus) 
 

Israel (Davidovich et al., 2022) 

Contracaecum sp. Silver butterfish catfish (Schilbe 
intermedius) 

South Africa (Tavakol et al., 
2015) 

Contracaecum sp. Trahira (Hoplias malabaricus) Colombia (Olivero-Verbel et al., 
2006) 

Contracaecum sp. Whitespotted conger (Astroconger 
myriaster) 

Korea (Chai et al., 1992) 

Contracaecum osculatum Alaska pollock, (Theragra 
chalcogramma) 

Japan (Mattiucci et al., 1998) 

Contracaecum rudolphii Common carp (Cyprinus carpio) Iraq (Abdullah et al., 2021) 
Contracaecum rudolphii Euphrates spiny eel 

(Mastacembelus mastacembelus) 
Iraq (Abdullah et al., 2021) 

Contracaecum rudolphii Luciobarbus spp. Iraq (Abdullah et al., 2021) 
Pseudoterranova sp. Great barracuda (Sphyraena 

barracuda) 
 

Mexico (Laffon-Leal et al., 2000) 

Pseudoterranova sp. Red grouper (Epinephelus morio) Mexico (Laffon-Leal et al., 2000) 
Pseudoterranova azarasi Cod (Gadus sp.) Brazil (Marigo et al., 2015) 
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Fish species consumed Parasite responsible for human 
infection 

Region where human infection 
identified  

Masu salmon (Oncorhynchus 
masou) 

Dibothriocephalus latus South Korea (Lee et al., 2001) 

Perch Dibothriocephalus latus Italy (Terramocci et al., 2001) 
Perch Dibothriocephalus latus South Korea (Lee et al., 2015) 
Salmon Dibothriocephalus latus Republic of Korea  
Salmon Dibothriocephalus latus South Korea (Lee et al., 2007) 
Salmon Dibothriocephalus latus Taiwan (Chou et al., 2006) 
Salmon Dibothriocephalus latus China (Guo et al., 2012) 
Trout Dibothriocephalus latus Republic of Korea (Choi et al., 

2012) 
Trout Dibothriocephalus latus South Korea (Kim & Lee, 2010) 
Tuna Dibothriocephalus latus Taiwan (Chou et al., 2006) 
Unknown, imported fish suspected Dibothriocephalus latus Spain (Esteban et al., 2014) 
Unknown Dibothriocephalus latus Netherlands (van Doorn et al., 

2005) 
Unknown Dibothriocephalus latus India (Ashrafulla et al., 2017) 
Unknown Dibothriocephalus latus China (Chen et al., 2014) 
Unknown Dibothriocephalus latus Taiwan (Lou et al., 2007) 
Unknown Dibothriocephalus latus Saudi Arabia (Alkhalife et al., 

2006) 
Unknown Dibothriocephalus latus India (Devi et al., 2007) 
Unknown Dibothriocephalus latus United Kingdom (Lal, 2007) 
Unknown Dibothriocephalus latus Malaysia (Rohela et al., 2006a) 
Unknown Dibothriocephalus latus Brazil (de Souza Hack et al., 

2021) 
Unknown (possibly salmon or 
tuna sushi/sashimi) 

Dibothriocephalus latus America (Hariadi et al., 2011) 

Unknown (sushi/sashimi) Dibothriocephalus latus Brazil (Llaguno et al., 2008) 
Unknown (sushi/sashimi) Dibothriocephalus latus Brazil (Santos & de Faro, 2005) 
Chum salmon (Oncorhynchus 
keta) 

Dibothriocephalus nihonkaiense Japan (Suzuki et al., 2010b) 

Chum salmon (Oncorhynchus 
keta) 

Dibothriocephalus nihonkaiense Switzerland (Wicht et al., 2007) 

Masu salmon (Oncorhynchus 
masou) 

Dibothriocephalus nihonkaiense Japan (Ando et al., 2001) 

Pacific salmon (Oncorhynchus 
tshawytscha) 

Dibothriocephalus nihonkaiense Switzerland (Shimizu et al., 2008) 

Salmon Dibothriocephalus nihonkaiense France (Greigert et al., 2020) 
Salmon Dibothriocephalus nihonkaiense Japan (Shimizu et al., 2012) 
Salmon Dibothriocephalus nihonkaiense Korea (Shin et al., 2014) 
Salmon Dibothriocephalus nihonkaiense France (Paugam et al., 2009) 
Salmon (sushi) Dibothriocephalus nihonkaiense Switzerland (Wicht et al., 2007) 
Sockeye salmon (Oncorhynchus 
nerka) 

Dibothriocephalus nihonkaiense Canada (Wicht et al., 2008) 

Trout Dibothriocephalus nihonkaiense Korea (Kim et al., 2014) 
Trout Dibothriocephalus nihonkaiense Korea (Shin et al., 2014) 
Unknown Dibothriocephalus nihonkaiense Japan (Soga et al., 2011) 
Unknown Dibothriocephalus nihonkaiense Korea (Go et al., 2015) 
Unknown Dibothriocephalus nihonkaiense Korea (Park et al., 2013b; Park et 

al., 2015) 
Unknown Dibothriocephalus nihonkaiense China (Chen et al., 2014) 
Unknown Dibothriocephalus nihonkaiense France (Paugam & Yéra, 2021) 
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metacercariae. It should be noted that the press method of candling is not recommended in any 

of the Codex guidelines for metacercariae in FP. However, mainly driven by the 

implementation of western quality standards, press method candling has been introduced in the 

Vietnamese catfish industry (Bostock et al., 2010). Vietnam is the global leader in the export 

of catfish fillets (Upton, 2015).  

Recent surveys show zoonotic metacercariae infecting farmed catfish from Vietnam and 

Thailand with a prevalence range 12-71 and 25-84 respectively. Tilapia from Vietnam, China 

and Thailand showed an infection intensity of 2-13, 1-6 and 2-10 metacercariae respectively 

per fillet and the recovery rate of metacercariae in tilapia and catfish fillets using the candling 

method was 53% and 68% respectively (Murrell & Sohn, 2010). Andreoletti et al. (2010) 

comments that individual fish harbour few metacercariae so it is difficult to estimate infection 

intensities however this statement appears inaccurate in farmed catfish from Vietnam and 

Thailand where the highest intensity of infection was 71 and 84 metacercariae respectively per 

fillet. Prasongwatana et al. (2013) identified 1,440 viable O. viverrini metacercariae in ready-

to-eat raw or improperly cooked cyprinid fish (n = 165 fish/mean of 8.7). 

The artificial digestion technique facilitates the extraction of metacercariae from large 

quantities of fish (Sithithaworn et al., 1997) however this method results in total destruction of 

the product, reflects a representative sample only and assumes that all fish have the same 

intensity of infection.  

1.6.4.1.3 Tapeworm plerocercoids 

The press method of candling and microscopic examination is used for the detection of the 

plerocercoid development stage in fish (Andreoletti et al., 2010). Codex standards do not advise 

the press method of candling to examine fish fillets for tapeworm plerocercoids. Torres and 

Puga (2011) compared three methods of candling to isolate plerocercoids in trout fillets 

(N=310). Candling method as advised by Codex had a 22% detection efficacy. A combined 

slice and candle had 40.8% and press method combined with candling had 59.2% efficacy. 

When all of the three candling methods were combined there was 90.9% detection efficacy 

however the total procedures included sectioning muscle tissue and examination of up to 18 

compression plates and this labour-intensive procedure may be unsuitable for commercial fish 

processors. 
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discuss however in terms of Australian bio security it is a conversation which needs to be 

addressed.  

When dealing with an open access resources such as fisheries there is a vast potential for 

corruption which can occur at any time during the entire FP chain of custody (Sumaila et al., 

2017). Corruption in fisheries has been described both at the international and regional level. 

Statistical dishonesty (Watson et al., 2001; Watson & Pauly, 2001)., bribery (Hauck & Kroese, 

2006; Nøstbakken, 2008)., corrupt access agreements (Ilnyckyj, 2007)., flags of convenience 

used to bypass regulations and hide illegal activity (Sumaila et al., 2017; Warner-Kramer, 

2004)., renaming or mislabelling fish products (Miller & Mariani, 2010)., breaches in 

traceability (Jacquet & Pauly, 2008)., IUU fishing., smuggling., inspector intimidation., 

abhorrent labour practices/human rights violations (Chapsos & Hamilton, 2019; ILO, 2017; 

Pokrant & Reeves, 2003; Simmons & Stringer, 2014; Stringer et al., 2014)., and child labour 

(Ferdousi & Faruk, 2016; Pearson et al., 2006; Srivastava, 2011) have all been reported 

globally in the fishery sectors. It is not suggested that any one country is wilfully engaging in 

corrupt practices however there are enough confirmed reports of corruption along the FP food 

chain to suggest that biosecurity may be compromised by these products inadvertently 

imported into Australia. It is reasonable to assume that those willing to engage in corrupt 

activities and disregard international law may also find the Codex codes/guidelines as 

irrelevant.  

1.7.1 Illegal, unreported and unregulated fishing  

Illegal, unreported and unregulated fishing defines any unauthorised fishing or activities which 

flaunt international, national or regional regulations. Illegal fishing includes using banned 

techniques/equipment, harvesting fish out of season and/or protected species and/or catching 

more than is permitted and/or operating without a licence (Williams et al., 2020a). Unreported 

fishing includes undeclared or fraudulent representation of harvest which should be/is not 

declared to the fisheries authority for the particular provenance. Unregulated fishing may 

involve vessels which operate covertly under flags of convenience and/or flags of state (vessels 

without nationality) which harvest in areas and/or for fish species which are not bound by the 

governing body for fisheries within the particular region (Agnew, 2000; Baird, 2004; FAO of 

the UN, 2001; Fox et al., 2018; MRAG, 2005; Pearce et al., 2015; Sumaila et al., 2017). Further, 

unregulated fishing encompasses harvesting from regions and/or fish species where 

comprehensive conservation or management measures have not been implemented (Ainsworth, 

& Pitcher, 2005., Pitcher et al. 2002., Agnew, 2000). Illegal, unreported and unregulated 
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fishing significantly undermines the sustainability and responsible management of marine 

ecosystems and fish stocks worldwide (Pramod et al, 2014). Additionally, in third world 

countries IUU seriously undermines the economic and social health of coastal fishing 

communities (Bennett et al., 2020; Okafor-Yarwood, 2020). Although IUU fishing is a global 

concern it is of particular importance in developing countries where management policy may 

be poorly developed or the fishery sector is devoid of monitory control and surveillance 

resources which makes their waters extremely vulnerable (Agnew et al., 2009). For example, 

the total estimated catches in West Africa is 40% higher than reported catches (Agnew et al., 

2009).  

It is estimated that the global burden yearly from IUU in the marine environment is 26 million 

tons (Petrossian, 2015; Petrossian et al., 2015). Studies which analysed the proportion derived 

from legally wild caught fish imported to USA against the provenance export profile of these 

imports by country/region estimated that 20-32% (Pramod et al, 2014) of imported fish were 

of IUU origin. In Europe during 2007 it was estimated that 500,000 tonnes of imported FP 

were of IUU origin (Seafish, 2016). Unreported catches, of Mediterranean Sea bluefin tuna (T. 

thynnus) has been implicated in the rapid decline of the species in the region and a failure of 

North Sea cod to regenerate in numbers (Fund & Alibert, 2007). In Williams et al. (2020a) the 

number of commercial catch within the EEZ was found to be the biggest influencer of 

unreported catch and it is likely that a percentage of all commercially important imported FP 

may be a product of IUU fishing. It is unknown where the illegal catch is absorbed into the 

market. Supply chain studies have found that there are intricately constructed trade routes 

operating in many regions of the world (Sumaila et al., 2017) which drive IUU FP into the 

world market. The worldwide focus has been on controlling IUU fishing to preserve depleted 

wild fish resources and to protect food security. There have been no studies which analyse the 

biosecurity risk posed by IUU harvested fish into the world market. Australia is ranked highly 

in the world for border enforcement of maritime monitoring, control, surveillance (Gov., 2014; 

Pitcher et al., 2008) however it appears important that an assessment is conducted on the 

unintentional importation of IUU FP and the biosecurity risks these FP may pose to Australian 

consumers.  

1.7.2 Fish fraud and misleading names 

Globally the substitution of one fish species for another is considered a significant problem 

within the fishery sector (Rasmussen & Morrissey, 2008) which eliminates the ability of the 

consumer to choose what they consume. Fish fraud (FFr), and mislabelling is dishonest but 
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with exporters which has been shown in this literature review to be designed to facilitate trade. 

It is unclear how these agreements affect the safety of imported edible FP. Australia as a 

member nation of the WTO is strongly encouraged to follow the Codex food safety texts when 

setting standards for imported FP however in many instances control measures for zoonotic 

parasites according to literature do not appear to be based on best practice. 
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morphological and molecular methodology. To review the literature for the pathophysiology 

of infection and potential exposure pathways into Australia for non-zoonotic parasite species.  

The primary focus of this Thesis is the identification of zoonotic parasites and bacteria which 

may infect/contaminate edible FP imported into Australia. However, it was assumed that 

during the course of this study other non-zoonotic parasites may also be identified which are 

novel to Australia and may be detrimental to Australian aquatic species if introduced.  

Justification to examine edible freshwater FP from high risk countries, for non-zoonotic 

parasites, was achieved through the scoring system described in Chapter 4. This aim is achieved 

through two published manuscripts: 

Williams, M ., Hernandez-Jover, M., & Shamsi, S. (2023). Parasites in imported edible fish 

and a systematic review of the pathophysiology of infection and the potential threat to 

Australian native aquatic species, Diversity, 15(4), 470. 

Williams, M., Williams, M., Hernandez-Jover, M., Hossen, M. S., & Shamsi, S. (2022). 

Genetic characterisation of Tanqua (von Linstow, 1879)(Nematoda: Gnathostomatidae) larval 

forms including new host and locality records. International Journal for Parasitology: 

Parasites and Wildlife, 17, 127-132. 
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The global burden of illegal fishing is estimated to be extensive. Intricately constructed trade routes intro-
duce illegally caught fish products into the global commercial market, including Australia. To date, no
studies have investigated the potential for illegally caught fish to harbor zoonotic parasites. Any tests
applied to fish imported to Australia must be scientifically justified according to international trade
agreements. The primary aim of this study was to develop a risk scoring method that provides a scientific
basis for the development of protocols to examine fish imported to Australia for zoonotic parasites. The
secondary aim was to estimate and prioritize the provenance of fish, which may be high-risk areas for
illegal, unreported, and unregulated (IUU)1 fishing. The third aim was to calculate the amount of unre-
ported catch from each of the ten highest-risk countries. Scoring was conducted using seven predictor vari-
ables, which were identified in the published literature as important, within the forensics of IUU fishing, for
identifying the ‘‘IUU or unreported catch risk” of each provenance. The unreported catch (UC)2 for the highest
scoring provenances (1–10) was calculated after risk scoring. The highest and second highest scoring prove-
nances, 30 and 67, had 39.8% and 41.55% UC, respectively; Provenance 79, which had the tenth highest risk
score, had 6.9% UC. Linear regression analysis showed a non-significant association between the size of the
exclusive economic zone and UC. Number of commercial spp. was the greatest indicator of UC. The analysis
showed that for every unit increase in the number of different commercial spp. available, there was an
increase of 5.28 units in the percentage of UC. Mean provenance risk scores and percentage of UC were lin-
early related. There was a 79.4% decrease in the mean risk scores between provenances 1–5 and 6–10; a
decrease was also observed in the UC between the two groups (33.7% and 15.5%, respectively). The proposed
scoring method appears to be a good predictor of UC, with a clear association between the mean risk scores
for each provenance and percentage UC.
� 2020 Published by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Illegal, unreported, and unregulated fishing (IUU) (Fig. 1) is a
concentrated effort to illegally harvest more fishery resources than
are sustainable, thereby violating the laws of the sea.1 The burden
of IUU fishing in the marine environment is of escalating global
concern. According to Miller et al. (2016)2 and Pramod et al.
(2014),3 IUU fishing significantly undermines the responsible man-
agement of marine ecosystems and fish stocks worldwide. Agnew
et al. (2009)4 considered illegal activity to be a serious impediment
to the economic development of many fishing communities. The
yearly global burden from IUU fishing is considered to be 26 mil-

lion tonnes,5 equating to � US $10–23.5 billion and 10–22% of total
global fisheries production.4 In Europe, 500,000 tons of imported
seafood per year is estimated to be a product of illegal catch.6,7 A
study estimated that 20–32% of seafood legitimately imported to
the USA may be product of illegal catch.3

The threat to human health occasioned by fish substitution has
been well documented. However, the human health risks from
zoonotic seafood-borne parasites in illegal catch have, thus far,
not been explored. It is generally acknowledged that unscrupulous
operators exploit weaknesses in the global supply chain to intro-
duce their illegal catch into the global consumer market.9 IUU fish
may have been smuggled past the country-of-origin testing proce-
dures for zoonotic parasites and pose a human health risk. Fig. 2
shows a simplified schematic diagram of the fish supply chain,
where illegal activity may increase the risk of parasitic contamina-
tion of edible fish. Accredited safety observers are a recommended
presence on registered vessels10 and are assumed to be absent
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from IUU fishing vessels. Parasite mitigation strategies, such as
immediate evisceration, trimming, and appropriate cold room stor-
age of fish at high risk for zoonotic nematodes, may not be carried
out on fish from IUU vessels.11,12

Slavery and human rights abuses have been reported on IUU
fishing vessels, where workers are often at sea for years. The use
of extreme violence, long work hours, and food deprivation to
intimidate workers have been widely reported. There are no publi-
cations that discuss how fish safety is influenced by slavery on IUU
vessels. However, it seems logical that IUU operators engaged in
human rights abuses would have a similar disregard for parasite
mitigation strategies that affect end-point consumer health.

Biogeographical differences between regions have been identi-
fied as determinants of host-parasite associations.13 Forged docu-
mentation that misrepresents the species and/or geographic
origin of fish8,14 to cover fraudulent activity may increase the risk
of introducing a fish species at high risk for zoonotic parasites into
the global food chain. Tuna and olive flounder from Japanese
waters, for example, are at high risk for zoonotic myxozoan para-
sites15–18 and are frequently substituted for other species of fish.19

Fish may be substituted on board an IUU vessel, or at any stage in
the supply chain.20–22

Australia is vigilant in patrolling its sovereign waters to control
IUU fishing, ratified in Australia’s Second National Plan of Action to
Prevent, Deter and Eliminate Illegal, Unreported and Unregulated
Fishing.23 Australia also stands in solidarity with the global com-
munity by supporting the International Plan of Action to Prevent,
Deter and Eliminate Illegal, Unreported and Unregulated Fishing.24

Australia’s biosecurity is an essential national asset,25 which has
kept the country free of many diseases that are prevalent in other
countries. However, when dealing with an open access resource,
such as fisheries, there is vast potential for illegal activity to occur5

that may be impossible for Australian biosecurity to detect, and
which may affect the safety of the fish products that Australia
imports.

Australia is a signatory to the World Trade Organization (WTO)
General Agreement on Tariffs and Trade,26 Agreement on Sanitary
and Phytosanitary Measures,27 and Technical Barriers to Trade
Agreement.28 Australia, along with other WTO member nations,
is bound by the above agreements and prevented from examining
imported seafood for zoonotic parasites without scientific justifica-
tion. Any additional tests that Australia, or any other nation, may
wish to apply to imported seafood without justification could be
viewed as arbitrary and discriminatory within these agree-

Fig. 1. Representing examples of fishing activities which contravene the law of the sea and factors which contribute to the perpetuation of illegal, unreported, unregulated
(IUU) fishing in certain regions. Each orange diamond is an example of an activity or factor related to IUU fishing which have been placed in the marine zones most associated
with each illegal activity. IUU fishing prevails in areas with inadequate government controls and where fisheries are poorly managed/monitored. This factor is represented
with a large orange diamond to indicate the importance of poor governance in the forensics of IUU fishing. The grey half circle represents a hypothetical land mass up to the
shoreline; white semi-circle the regions territorial waters and the combined white and pale blue semi-circles the EEZ of the hypothetical region (Developed from information
in Seafish (2016) and Chapsos and Hamilton (2019)).
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ments.26–28 As a result, despite seafood being the most highly
traded food globally,29 studies investigating the safety of imported
products are absent from published literature.

Australians are heavily reliant on imported edible seafood.30–32

As a result, it is imperative to verify the safety of the products. Aus-
tralia’s current seafood inspection scheme does not include addi-
tional tests for zoonotic parasites in imported products after
arrival in the country.33–36 To date, no studies have investigated
the potential of illegally caught seafood to harbor zoonotic para-
sites, which may be a threat to human health. The aims of this
study were (1) to develop a risk scoring method that provides sci-
entific justification for identifying the ‘IUU or unreported catch risk’
of provenances (countries of origin) and to examine the seafood
they export to Australia for zoonotic parasites; (2) to estimate
and prioritize, according to potential risk, the provenances and
species of seafood that may be a product of illegal fishing and unin-
tentionally imported into Australia; (3) to validate the scoring
method used in this study as an accurate identifier of provenances
demonstrating significant discrepancies in reported catch.

2. Materials and methods

The study was conducted in two parts. In Part A, a biosecurity
risk ranking system was developed to identify the IUU or unre-
ported catch risk for each provenance. In Part B, reported seafood
catch was collated from the seafood production profile of each
provenance and the unreported element of the catch was calcu-
lated. Justifications for inclusion of the seven predictor variables
are provided in Table 1. Each of the 84 countries that Australia
imported seafood from in 2017 were included in this study, and
were randomly allocated a provenance number as an identifier.
No country description, seafood species, or EEZ size data that could
identify a country have been included in this study. Any data that
could lead to a conclusion being made as to the identity of the
respective provenances has been omitted from the manuscript.

2.1. Part A

Seven predictor variables were used to calculate the outcome
variable of ‘‘IUU or unreported catch risk”. The scoring method
and the predictor variables ‘‘Patrol boats per 100,000 sq. km” and
‘‘Monitoring, control, and surveillance”’ were based on a study by
Petrossian (2015).37 The outcome variable ‘‘Degree of illegal �shing”
in Petrossian (2015)37 was included as a predictor variable in this
study. Other predictor variables included in this study were
sourced from the nine types of fraud identified by Fox et al.
(2018),9 and the titles were modified as appropriate. Categories
that were modified were (Fox study/this study) ‘‘Modern day
slavery”/”Unskilled labor” and ‘‘Catch method fraud”/”Catch inspec-
tion procedures”. Two additional variables were included in this
study: ‘‘Corruption” and ‘‘Inspector coercion”, which Sumaila et al.
(2017)5 and Metuzals et al. (2010)38 identified as important within
the forensics of illegal fishing. Governance index and corruption
were included as predictor variables in a study of illegal fishing
conducted by Agnew et al. (2009),4 however, it is believed that this
study is the first to use ‘‘Inspector coercion” as a predictor variable.

2.2. Description of predictor variables

2.2.1. Variable 1: Degree of illegal �shing
Incidents of IUU fishing were collated from Pramod et al.

(2008)39 for each provenance from which Australia imports sea-
food. The information in Pramod et al. (2008)39 was obtained from
six selected regional fisheries management organizations (RFMOs)
and individual provenance high seas activities from previous
reports.40–42 This information was supplemented with additional
contemporaneous information from the IUU Fishing Vessel List,
which included data from 12 RFMO’s, and IUU vessels identified
by INTERPOL after the issue of purple infringement notices.43 IUU
vessel names identified in the data were then entered into the
IUU Fishing Vessel Site search engine using the filter ‘‘Show vessels

Fig. 2. A simple schematic diagram of how product of IUU fishing is distributed and situations which may contribute to product of illegal catch as high risk for zoonotic
parasites in fish imported into Australia. (Original figure with images available via creative commons open access).
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Table 1
Factors and/or consequences associated with IUU fishing, justification for inclusion of each predictor variable and scoring used in this study. (See below-mentioned references for further information.)

Relevant
predictor
variable (PV)
included in this
study

Factors and/or consequences associated with the forensics of IUU
fishing

Predictor variable justification Scoring

1. Degree of
illegal fishing

Poorly crafted regulations and weak enforcement of EEZ Metuzals,
et al. (2010)

Illegal activity associated with seafood is recognised as a significant
influencer of seafood safety. Important safety procedures to
minimise zoonotic parasites in fish occur on the vessel. It is
expected that IUU vessels would concentrate on harvesting as much
seafood in the least amount of time and basic parasite mitigation
strategies may not be conducted. The degree of IUU fishing is
expected to negatively impact seafood safety in some regions

A score of 1 awarded for each incident of IUU fishing to the
country responsible

Poach fishing outside EEZ and serious labour abuses Tickler, et al.
(2018)

2. Patrol boats
per 100,000
sq. km

Failure to regulate high seas fishing Metuzals, et al. (2010) Multiple studies have demonstrated that IUU fishing is more likely
to occur in areas where patrol boat surveillance is limited.

A score of 1–100 was awarded based on calculation of patrol
boats standardised by the size of the exclusive economic zone
(EEZ). 100 as the worst patrol boat presence

Weak patrol capability and surveillance Petrossian (2015)

3. Monitoring
control and
surveillance
(MCS)

Chain of custody abuses Fox, et al. (2018) The monitoring of legally sourced seafood along the supply chain is
well regulated to ensure edible seafood is compliant with
international food safety standards. Documentation which falsifies
safety checks for zoonotic parasites in seafood, the region of capture
or substitutes a highly parasitised species of fish for another
increases the risk of undetected zoonotic parasites entering the
seafood supply chain. Product of illegal catch is more likely to be
offloaded from the IUU vessel to a region with poor MCS.

Actual scores from the references cited in Materials and
Methods were used to score this variableFish substitution and hidden or undeclared catch Fox, et al. (2018),

Williams, et al. (2020), Helyar, et al. (2014)
Violence in monitoring control and surveillance Metuzals, et al.
(2010)
Corrupt governments, poorly crafted regulations with weak MCS
capacity and enforcement Metuzals, et al. (2010), Petrossian (2015),
Miller, et al. (2016)
Failure to substantiate authenticity of relevant documentation,
vessel’s compliance with fisheries regulations Petrossian (2015)
Poor trans-shipment regulations and ineffective formal surveillance
over port operations Petrossian, et al. (2015)
Failure to produce clear fishery statistics Pramod, et al. (2008)
Extremely low observer coverage or ill equipped inspect fishing
vessels or fishing gear Petrossian, et al. (2015), Pramod, et al. (2008)
Poor catch reporting in conjunction with labour abuses at sea
Tickler, et al. (2018)

4. Catch
inspection
procedures

Low safety costs onboard vessel Metuzals, et al. (2010) Catch inspection is carried out to authenticate seafood species,
tonnage, vessel compliance and origin of seafood harvested. Regions
where catch inspection procedures are bypassed introduces safety
uncertainty into the global seafood supply chain. Host parasite
associations are frequently determined by biogeographical
differences. Accurate representation of seafood species and region
of capture is important to ensure appropriate parasite mitigation
strategies have and will be conducted on vessel and during
processing. In addition, information and data gaps make traceback
impossible should there be a human health safety concern
identified along the food chain.

Actual scores from the references cited in Materials and
Methods were used to score this variableViolence in monitoring control and surveillance Metuzals, et al.

(2010)
Ill-equipped to inspect species/origin of fish caught, fishing vessels
or fishing gear Petrossian, et al. (2015)
Low and predictable inspection levels Pramod, et al. (2008)
Information gaps, incomplete observer and landing data Pramod,
et al. (2008)

5. Corruption Laundering and mislabeling seafood Metuzals, et al. (2010) Institutional corruption within a region has been demonstrated to
influence all stages of the seafood supply chain. Corruption
influences the degree of IUU fishing and the entry of illegally
sourced seafood into the global supply chain. Bribes to bypass
inspection in conjunction with probable poor on vessel parasite
mitigation strategies is considered to increase the risk of zoonotic
parasites in illegally caught seafood

Scores out of 100 from the Corruption Perceptions Index were
used to score this variable.Corruption, concealment and ease of obtaining false documentation

Metuzals, et al. (2010)
Other illicit activities. Fraud and money laundering. Transfer crime
across networks and borders Metuzals, et al. (2010)
Failure to prosecute transgressors Metuzals, et al. (2010), Pramod,
et al. (2008)
High corruption and ineffective catch inspection procedure
Petrossian, et al. (2015)
Weak governance and corruption, lax regulations and enforcement
Petrossian (2015), Pramod, et al. (2008)
Bribes to bypass regulations Metuzals, et al. (2010), Petrossian, et al.
(2015)
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Table 1 (continued)

Relevant
predictor
variable (PV)
included in this
study

Factors and/or consequences associated with the forensics of IUU
fishing

Predictor variable justification Scoring

Culture of illegal activity Pramod, et al. (2008)
6. Inspector

coercion
Armed resistance to surveillance and enforcement Metuzals, et al.
(2010)

Observers onboard registered and legally operating vessels record
and authenticate seafood species, tonnage, vessel fishing gear,
safety compliance and origin of seafood harvested. Observers also
report any on vessel safety breaches to port inspectors for further
action. It is considered IUU vessels would not be harvesting with an
observer onboard and basic parasite mitigation strategies would not
be conducted. In addition, there are also some regions with high
observer harassment recorded on registered vessels. Observers on
registered vessels, subject to various forms of intimidation and
harassment, may be unlikely to report on vessel safety breaches to
port inspectors. This may increase the risks from zoonotic parasites
in the seafood supply chain from these regions

A score of 1 was awarded to the provenance responsible for
each separate incident in Table 3 where an observer or
inspector was harassedLow observer presence Metuzals, et al. (2010), Pramod, et al. (2008)

Observer harassment, physical or verbal attack, sexual assault or
intimidation PEER (2007), NOAA (2014)
Observer abuse rarely prosecuted PEER (2013)
No assistance or support available to observers when attacked or
prevented from observing and monitoring PEER (2016)
Sleep deprivation, intimidation, bribes, official documentation
stolen PEER (2007)

7. Unskilled
labour

Modern day slavery Fox, et al. (2018) There are many publications which discuss human rights abuse on
IUU vessels. However, the impact these may have on zoonotic
parasites in seafood has yet to be explored. Poorly trained and
overworked on vessel workers may not have been instructed/
encouraged by vessel operators on the importance of parasite
mitigation strategies. In Tickler, et al. (2018) the estimated potential
slavery risk in imported seafood to USA was 3.1 kg per tonne. USA
like Australia has a great dependency on imported seafood product.
In 2019, Australia imported 214,867.30 tonnes of seafood. Based on
the same potential risk, 69,312.02 tonnes of seafood imported into
Australia may be product of slavery/IUU fishing and be of uncertain
safety

A score of 1 was awarded to the provenance responsible for
each separate incident and/or number of people involved in
each incident where unskilled labour was involved. Unskilled
labour as defined in 2.1.6 of the manuscript

Low labour costs and almost no safety costs Metuzals, et al. (2010)
Human rights violations, including slavery, human trafficking and
physical abuse, the smuggling of migrants, and illicit drugs
trafficking, torture and murder Miller, et al. (2016), Sutton &
Siciliano (2016), Environmental Justice Foundation (2015)
Poor education and lack of training Pramod, et al. (2008)
Reduced expenditure on crew pay, safety and living conditions
Tickler, et al. (2018)
Slavery risk seafood importation to developed countries Tickler,
et al. (2018)
Labour abuses at sea and unreported catch associated Tickler, et al.
(2018)
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currently on RFMO IUU vessels list” to obtain more detailed infor-
mation44 regarding vessel sightings, owners, and visits to ports of
convenience. Results for owners or operators of IUU vessels and
any ports where IUU catch was confirmed as offloaded were
included in the overall scores for the provenances. In cases where
the owner/operator was unidentifiable, the IUU vessel name was
entered into the Food and Agriculture Organization (FAO) vessel
finder search engine45 and, if identified, the provenance of the
owner was included in the scoring. Scores for Provenance 21,
which has a highly visited port of convenience for the region,
included all IUU scores for three other adjacent provenances, even
though they were not exporters of seafood to Australia.

2.2.2. Variable 2: Patrol boats per 100,000 sq km
The United States Naval Institute Guide46 was used to compile

information on the number of patrol boats owned by each of the
provenances. The number of patrol boats was standardized by
the size of the exclusive economic zone (EEZ) of each provenance
to reflect the number of patrol boats per 100,000 sq km, as
described in Petrossian (2015).37 The size of the EEZ for each
provenance used in the calculations was obtained from the Sea
Around Us program,47 which is a collaborative effort between the
Pew Charitable Trusts48 and the Paul G. Allen Family Foundation.49

The Sea Around Us program evaluates the impact of fisheries on
global marine ecosystems. Unless it was stated in the remarks sec-
tion of Wertheim (2015)46 that boats were not used for EEZ patrol,
the number of patrol boats (PB) or patrol craft (PC) used to defend
the EEZ of the respective provenances were used for scoring. The
prefix W, in Wertheim (2015),46 denotes all ship types that are
not under the authority of the provenance’s navy, which includes
the coast guard, customs service, border guard, or government-
owned scientific ships. Categories WPB and WPC were included
in the count unless it was stated that the vessels were not used
for EEZ defense. Patrol combatants were not included unless it
was stipulated that they were used for EEZ defense. Drug control
vessels were excluded. Other patrol boats and craft were included
in the count if they were clearly defined in the remarks as used for
EEZ defense.

2.2.3. Variables 3 and 4: Monitoring, control, and surveillance and
catch inspection procedures

The references used to score variables 3 and 4 are included in
Table 2. Evaluations of monitoring, control, and surveillance per-
formance from Pitcher et al. (2008)42 for all provenances were
included in the scoring for variable 3. Pitcher et al. (2008)42

included the results of a project initiated by The World Wide Fund
for Nature and University of British Columbia Fisheries Centre to
assess 54 countries on their implementation and compliance with
the provisions of the UN Code of Conduct for Responsible Fish-
eries.42,50 The evaluations of the countries’ performance scores
for ‘‘Observer scheme”, ‘‘Vessel monitoring”, and ‘‘Control of access
in stopping illegal �shing”, were combined to score the predictor
variable ‘‘Monitoring control and surveillance” (MCS) in this study.
For 23/84 of the provenances included in this study, scores for vari-
able 3 were obtained from Pramod (2018),51 which provided the
most recent scores (~2018) and five provenances were scored from
the Marine Resources Assessment Group (MRAG) (2005).52 If no
scores were available in Pitcher et al. (2008),42 Pramod (2018),51

or MRAG (2005),52 an objective score was awarded by the authors
based on information in the Fishery and Aquaculture Country Pro-
files for the respective provenances.53 The same sources were used
to score variable 4 for all provenances.

2.2.4. Variable 5: Corruption
Scores for variable 5 were obtained from the 2018 Corruption

Perceptions Index (CPI),54 which is published yearly by Trans-

parency International. The index is designed to advance ‘‘account-
ability, integrity, and transparency” by ranking public sector
corruption on advice from businesspeople and experts. The CPI
score is based on thirteen external sources of data, from the public
and private sectors, which includes the World Bank, World Eco-
nomic Forum, and other private risk assessment and consultation
groups. The score is awarded yearly so that country scores are kept
current and are a true representation for each country during the
respective time period. The scores allocated by Transparency Inter-
national are out of a possible 100, with the lowest scores repre-
senting the most corrupt countries.

2.2.5. Variable 6: Inspector coercion
Scoring for this variable included published literature and

media reports that described cases in which an observer on a fish-
ing vessel was prevented from performing catch inspection duties.
Although these cases occurred on registered, and not IUU, vessels,
the results of catch not being properly inspected were considered
to have similar outcomes. The criteria for cases that were included
in scoring this variable are displayed in Table 3.

2.2.6. Variable 7: Unskilled labor
Scoring for this variable included published literature

and media reports that described cases of child labor and/or

Table 3
Categories used to score Variable 6 ��Inspector coercion”. Each case identified in media
or published literature was scored with 1 for any of the scoring criteria. In the case of
multiple reports each separate occurrence was scored with 1.

Variable 6 scoring
categories

Cases included in scoring

Observer intimidation Murder, threats of personal harm, general
harassment; sleep deprivation, surveillance which
restricts the observer’s ability to fulfil inspection
duties

Attempted bribery Money or alcohol offered to observer
Tampering with

observer
documentation

Theft, unauthorised reading, document
destruction, statistical fraud and corrupt licence
agreements of official documentation

Subterfuge Hauls during observer meals times, IUU catch
hidden under legitimate catch, IUU catch transfer
at sea to another vessel

Inspectors denied access Observer not permitted onboard ship or impeded
in catch inspection duties whilst onboard

Table 2
Predictor variables used to score the outcome variable ‘IUU or unreported catch high
risk’ in this study and the sources of information which were used. The sources of
information to score variables 6 and 7 have been omitted to maintain provenance
confidentiality.

Variable Predictor variable Sources of information

1 Degree of IUU �shing Pramod et al., (2008)
Tracking, (2019a)
Tracking, (2019b)
FAO, (2019b)

2 Patrol boats per 100,000 sq km
EEZ

Wertheim, (2015)
Sea Around Us, (2016)

3 Monitoring control surveillance FAO, (2019a)
MRAG, (2005)
Pitcher et al., (2008)
Pramod, (2018)

4 Catch inspection procedures Pramod, (2018)
MRAG, (2005)
Pitcher et al., (2008)
FAO, (2019a)

5 Corruption Corruption et al., (2018)
6 Inspector coercion Not cited for reasons of

confidentiality
7 Unskilled labour Not cited for reasons of

confidentiality
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modern-day slavery on IUU fishing vessels, sleep or food depriva-
tion, torture, or murder.

2.3. Risk scoring: Predictor variables 1�7

Combined scores were included for variables 1 and 3–7. Vari-
able 2 had a broad range (patrol boats per EEZ/100,000 sq km)
and a standardized scoring system of 1–100 was needed; a score
of 100 represented the worst patrol boat presence in the EEZ,
and 1 represented a dedicated patrol boat presence. Variable 2
results were included in the combined scores for each provenance.
For variables 1 and 3–7 a score of 1 was awarded for each separate
incident that could be ascribed to any of the 84 provenances. In
publications or media reports that describe multiple infringe-
ments/incidents, 1 was awarded for each separate incident or, for
Variable 7, the number of people involved in each incident. A score
was then allocated to the responsible provenance. For example, if
25 children were reported as exploited in the seafood trade, 25
was the score awarded to the provenance responsible. Variable 4
corruption scores awarded by CTI (2018)54 were reverse scored
to represent the highest score as most corrupt and lowest score
as least corrupt (Table 1). Scores for the seven variables were
added, and the mean scores were calculated for each provenance.

2.4. Part B

Reconstructed data from the Sea Around Us program (year
excluded to maintain provenance anonymity), which included offi-

cial reported and reconstructed estimates of unreported catch data,
were used to calculate the total and unreported catch for each of
the 10 top-scoring provenances. The percentage of unreported
catch was calculated as a percentage of the total catch for each
provenance. The size of EEZ and number of commercial spp. were
cited most frequently in the published literature as the key factors
contributing to IUU fishing; analysis was conducted to measure the
importance of each. Associations between unreported catch as the
outcome variable and EEZ size, number of commercial spp., and
total catch as the explanatory variables, were investigated using
linear mixed regression analyses. For these analyses, provenance
was incorporated into the model as a random effect. In the first
instance, univariable analyses were used and variables with P val-
ues < 0.2 were retained for the multivariable analysis. The back-
ward (Wald’s) selection method was used to build the final
model, and explanatory variables with P < 0.05 were considered
significantly associated with the outcome and were retained in
the model. The commercial spp. included in the statistical analysis
were those cited in the Sea Around Us program as commercially
important for each of the ten highest scoring provenances.

3. Results

The results for the top scoring provenances are presented in
Table 4, which shows the mean scores, calculated from the com-
bined scores for the seven predictor variables, and the recon-
structed unreported catch for each of the ten highest scoring
provenances. The catch data for the top 10 provenances are shown
in Fig. 3. The highest unreported catch was for Provenance 67
(41.6%), which had the second highest risk score. Only 1.8% of
undeclared catch separated the highest scoring provenance (Prove-
nance 30) from the second highest (Provenance 67). If the scoring
system was valid (Aim 3), a positive correlation between calculated
mean scores and percentage of undeclared catch would be
expected. There was a 79.36% decrease in the calculated mean risk
scores between the highest scoring provenances 1–5 and 6–10. A
similar decrease in overall undeclared catch was also observed:
the mean undeclared catch for provenances 1–5 was 33.72% and
that of provenances 6–10 was 15.5%. Linear regression analysis
to determine the association between provenance EEZ size and
unreported catch showed a non-significant association. However,
the percentage unreported catch was associated with the number

Table 4
The top 10 provenances ‘IUU or unreported catch high risk’ after scoring and calculating
the mean. The percentage of unreported catch calculated for each provenance is
shown in column 3.

Provenance number Mean % unreported catch

30 486.29 39.78
67 448.71 41.55
19 144.61 22.88
59 133.10 39.10
22 78.14 30.01
74 73.13 27.36
16 69.05 6.80
55 66.33 14.24
82 65.86 17.50
79 54.00 6.89

Fig. 3. Showing the top 10 highest scoring provenances for the outcome variable ‘IUU or unreported catch high risk’ and catch data for each provenance.
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of different commercial spp. available in the provenance’s EEZ; for
every unit increase in the number of commercial spp., there was an
increase of 5.28 units in the percentage unreported catch. Prove-
nance did not have a significant random effect.

4. Discussion

The scoring model and seven predictor variables appear to be
good predictors of unreported catch, with a clear association
between the calculated mean risk scores for each provenance
and the percentage unreported catch. It seems feasible that com-
mercial spp. from the top 10 provenances in this study may have
been of IUU origin. Provenance EEZ size and unreported catch
showed a non-significant association. Similar results were reported
by Agnew et al. (2009),4 who found no significant relationship
between illegal fishing and EEZ size. The best predictor of unre-
ported catch in the present study was the number of commercial
spp. within an EEZ. For every unit increase in commercial spp.,
there was an increase of 5.28 units in the percentage unreported
catch. Seafood exports from the 10 highest scoring provenances
provided 32.7% of all edible seafood consumed in Australia in 2017.

Theories that seek to explain criminal events within a certain
environment are included in the rational choice theory. When
applied to illegal fishing, it would be expected that offenders
would be more likely to focus on areas of maximum reward and
minimal risk.37 However, in this study, many relatively small EEZs
had very high unreported catch when there was a significant num-
ber of commercial spp. In Petrossian (2015),37 the number of inter-
national commercial spp. in the EEZ was a significant predictor of
illegal fishing. The inference is that a considerable quantity of com-
mercially attractive seafood species that are part of the seafood
supply chain may have been illegally caught. This conclusion is
supported by Xiong et al. (2016),55 who identified broad-scale fish
fraud for Patagonian toothfish (Dissostichus eleginoides) and decla-
rations inconsistent with catch areas and species range, despite
strong policing of the natural waters by the Coalition of Legal
Toothfish Operators.56 Many studies have examined the motiva-
tional and opportunistic factors that contribute to illegal fishing,
seafood chain breaches, and fish fraud,5,57 while others have
endeavored to construct predictive models that illustrate these
constituent factors.3,4,37,58,59 All of these studies have provided
valuable contributions to our understanding of the motivational
forces that drive illegal activities along the seafood supply chain.
However, while the global war on illegal fishing continues, the
threats to human health from seafood-borne zoonotic parasites
and pathogens in illegally caught seafood remain unaddressed.

The global fish trade is an important factor in shifts in the tra-
ditional geographical boundaries associated with species of zoono-
tic seafood-borne parasites.60 The consumption of imported fish
has been linked to cases of human parasitic infection globally,60–

68 which may infer a deficiency in the seafood inspection schemes
of the respective countries, or that illegally caught seafood is enter-
ing the market uninspected. A significant number of the reported
cases of human parasitism from consumption of seafood have
occurred in Provenance 67, which had the highest percentage of
unreported catch (41.55%). Provenance 19, which had the third
highest risk score and 22.88% unreported catch, has recently expe-
rienced a marked increase in cases of fish-borne human parasitism
in a relatively restricted geographical area. It was concluded that
these cases were from insufficient cold storage when transporting
fish along the supply chain (publication not cited to maintain
provenance confidentiality). These cases may reflect a cultural
preference for undercooked seafood dishes, or that uninspected
or inappropriately transported IUU parasite-infected seafood is
entering the global export market from these regions. The Codex
Alimentarius Commission (CAC) provides information, advice,

and procedural recommendations to ensure that traded fish are
safe and of suitable quality for human consumption. The CAC Code
of Practice for Fish and Fishery Products (CAC/RCP 52-200312 item-
izes parasites in fish as a public health hazard and provides recom-
mendations for cold storage and processing, such as
trimming/candling to minimize the parasitic-infection risk. It is
assumed that fish caught by a registered vessel, supervised by a
safety observer, where the catch is then absorbed into a legitimate
supply chain that includes provenance inspection procedures,
would deliver safe parasite-free fish for export. No such assump-
tions can be made for IUU-sourced fish. The species of parasites
that may be imported into fish products are largely dependent
on national trading exchanges.69 However, IUU fishing negates
international parasite mitigation strategies by introducing uncer-
tainty regarding fish species and the region of capture.

Transshipment at sea is often a point of laundering of IUU fish
and may involve mixing documented legal catches with trans-
shipped IUU catches.8 Additionally, proximity to known ports of
convenience is also recognized as a facilitator for IUU fishing.37

These ports admit IUU-fishing vessels and allow illegal catches to
be absorbed into international markets.70 An exerpt from Trygg
Mat Tracking (2019)44 clearly indicates how IUU fishing con-
tributes to the uncertainty and safety of seafood in the global sup-
ply chain: ‘‘PERLON, requested port access Singapore, February 20th
2012. Port access was withheld, and the vessel afterwards moved
away from the outer port limits of Singapore. In April 2015, the vessel
was spotted and boarded by an Australian maritime patrol in the
region west of Cocos (Keeling) Islands, in the eastern Indian Ocean.
Inspectors found a signi�cant quantity of frozen �sh in storage,
believed to be illegally caught tooth�sh. The vessel was apprehended
in Malaysia in May 2015 and was charged and �ned for offences under
the Malaysian Fisheries Act, including unauthorized transhipment
(transferring tooth�sh to an anchored barge). A total of 330 t of ille-
gally caught tooth�sh was con�scated and the vessel was �ned. The
vessel was released from detention 5 August 2015”. At legitimate
ports, fraudulent catch documentation data have been endorsed
by inspectors71 and copies of official customs forms can also be
obtained from government officials to allow the entry of IUU sea-
food into legitimate ports. IUU seafood products without accompa-
nying documentation may also be smuggled into countries by
bribing government officials.8 Although not a product of IUU, brib-
ery of government officials and fraudulent documentation is
thought to have been how white spot syndrome virus was intro-
duced into Australia.72 Fig. 4 shows the recognized ports of conve-
nience and those that are highly visited (in red). All of the five
highest scoring provenances have access to one highly visited port
of convenience. Globalization of fish trade is considered a signifi-
cant driver of human fish-borne parasitism outside normal areas
of endemicity. For example, the fish-borne zoonotic cestode
Diphyllobothrium nihonkaiense in Europe73 and New Zealand,74

where the disease has no traditional endemic foci.75 It must be
considered that IUU-sourced seafood may be a significant driver
in this spread and that Australian government officials may wish
to consider this in regards to seafood inspection biosecurity.

The risk scoring system in the present study appears to be a
good indicator of unreported catch. Data from this study could pro-
vide the impetus to examine species of fish that are imported to
Australia from high-risk provenances for zoonotic parasites. A lim-
itation of this study was the lack of information for all seven vari-
ables for one specific time period, which would have enabled us to
align the outcome variable with catch data from the same point in
time. In addition, IUU fishing attributed to one country may not
actually be where the illegal catch was offloaded or absorbed into
the food chain. The transport of seafood products through a series
of countries for processing and export provides a legitimization of
fraudulent catches.3 Russia, Japan, Korea, and China have been

M. Williams, M. Hernandez-Jover and S. Shamsi Journal of Biosafety and Biosecurity 2 (2020) 81�90

88

101



implicated in fraudulent seafood supply chain activity9 but may
not necessarily be the countries responsible for IUU fishing.

5. Conclusions

According to Sumaila et al. (2017)5 ‘‘with marine resources
becoming scarcer and access to them becoming more valuable,
incentives for corrupt practices are bound to increase”. Australia
is vigilant in the control of IUU fishing in its sovereign waters
but has little control over countries that have limited ability or
interest in controlling illegal fishing or access to ports of conve-
nience. In this case, it is crucial that seafood imported to Australia
is examined for seafood-borne zoonotic parasites, so that high-risk
exposure pathways can be identified. IUU fishing has been the sub-
ject of many statistical evaluations. To our knowledge, this is the
first study to use a risk scoring system to justify an investigation
into the human health risks of zoonotic parasites in imported
seafood.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgement

Michelle Williams is the grateful recipient of a PhD scholarship
from the Australian Research Training Program Scholarship
through Charles Sturt University. All authors would like to
acknowledge the support of Craig Poynter of the Spatial Data Anal-
ysis Network (SPAN) at Charles Sturt University for the analysis of
spatial data and creation of the ports of convenience map.

References

1. Baird R. Illegal, unreported and unregulated fishing: an analysis of the legal,
economic and historical factors relevant to its development and persistence.
Melb J Int Law.. 2004;5:1–36.

2. Miller DD, Sumaila UR, Copeland D, et al. Cutting a lifeline to maritime crime:
marine insurance and IUU fishing. Front Ecol Environ.. 2016;14(7):357–362.

3. Pramod G, Nakamura K, Pitcher TJ, Delagran L. Estimates of illegal and
unreported fish in seafood imports to the USA. Mar Policy.. 2014;48:102–113.

4. Agnew DJ, Pearce J, Pramod G, et al. Estimating the worldwide extent of illegal
fishing. PLoS ONE. 2009;4(2):e4570.

5. Sumaila UR, Jacquet J, Witter A. When bad gets worse: corruption and
fisheriesCorruption, natural resources and development. Edward Elgar
Publishing; 2017:93–105.

6. Seafish. The Seafish Guide to Illegal, Unreported and Unregulated (IUU) Fishing
Website https://www.seafish.org/media/Publications/SeafishGuidetoIUU07-
2016.pdf Accessed 1/7/2019.

7. Palin C, Gaudin C, Espejo-Hermes J, Nicolaides L. Compliance of imports of
fishery and aquaculture products with EU legislation. European Union,
Directorate general for internal policies Policy department B: Structural and
cohesion policies. 2013.

8. Roheim CA. Seafood supply chain management: Methods to prevent illegally-
caught product entry into the marketplace. IUCN World Conservation Union-US
for the project PROFISH Law Enforcement, Corruption and Fisheries Work;
2008:1–23.

9. Fox M, Mitchell M, Dean M, Elliott C, Campbell K. The seafood supply chain from
a fraudulent perspective. Food Secur.. 2018;10(4):939–963.

10. FAO Fisheries Technical Paper 414. Guidelines for developing an at-sea fishery
observer programme. Rome, FAO Food and Agriculture Organisation of the United
Nations. 2002:1–12.

11. Wootten R, Cann D. Round worms in fish Scotland, Marine Laboratory of the
Department of Agriculture and Fisheries for Scotland and the Torry Research
Station of the Ministry of Agriculture; Marine Laboratory of the Department of
Agriculture and Fisheries for Scotland and the Torry Research Station of the
Ministry of Agriculture, Aberdeen, Scotland; 2001.

12. Codex Alimentarius. Code of practice for fish and fishery products. In. Vol CAC/
RCP 52-2003. Rome, Italy: FAO/WHO Food Standards Programme; 2016.

13. Luque J, Poulin R. Metazoan parasite species richness in Neotropical fishes:
hotspots and the geography of biodiversity. Parasitol.. 2007;134(6):865–878.

14. Chapsos I, Hamilton S. Illegal fishing and fisheries crime as a transnational
organized crime in Indonesia. Trends Org Crime.. 2019;22(3):255–273.

15. Suzuki J, Murata R, Yokoyama H, Sadamasu K, Kai A. Detection rate of
diarrhoea-causing Kudoa hexapunctata in Pacific bluefin tuna Thunnus orientalis
from Japanese waters. Int J Food Microbiol.. 2015;194:1–6.

16. Yokoyama H, Suzuki J, Shirakashi S. Kudoa hexapunctata n. sp.(Myxozoa:
Multivalvulida) from the somatic muscle of Pacific bluefin tuna Thunnus
orientalis and re-description of K. neothunni in yellowfin tuna T. albacares.
Parasitol Int. 2014;63(4):571–579.

17. Kasai A, Li Y-C, Mafie E, Sato H. New host records of monacanthid fish for three
Kudoa spp. (K. septempunctata, K. thyrsites, and K. shiomitsui) prevalent in the
olive flounder (Paralichthys olivaceus), with the description of K. parathyrsites n.
sp. from a black scraper (Thamnaconus modestus). Parasitol Res. 2016;115
(7):2741–2755.

18. Sugita-Konishi Y, Sato H, Ohnishi T. Novel foodborne disease associated with
consumption of raw fish, olive flounder (Paralichthys olivaceus). Food Saf..
2014;2014026.

19. Williams M, Hernandez-Jover M, Shamsi S. Fish substitutions which may
increase human health risks from zoonotic seafood borne parasites: a review.
Food Control.. 2020;107429:1–45.

20. Hanner R, Beckker S, Ivanova NV, Steinke D. FISH-BOL and seafood
identification: Geographically dispersed case studies reveal systemic market
substitution across Canada. Mitochondr DNA.. 2011;22(S1):106–122.

21. Christiansen H, Fournier N, Hellemans B, Volckaert FA. Seafood substitution
and mislabeling in Brussels’ restaurants and canteens. Food Control.
2018;85:66–75.

Fig. 4. Showing recognised ports of convenience where IUU fish is permitted to be offloaded. Red points represent highly visited ports.

M. Williams, M. Hernandez-Jover and S. Shamsi Journal of Biosafety and Biosecurity 2 (2020) 81�90

89

http://refhub.elsevier.com/S2588-9338(20)30024-8/h0005
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0005
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0005
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0010
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0010
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0015
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0015
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0020
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0020
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0025
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0025
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0025
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0035
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0035
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0035
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0035
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0040
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0040
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0040
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0040
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0045
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0045
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0055
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0055
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0055
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0070
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0070
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0075
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0075
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0080
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0080
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0080
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0095
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0095
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0095
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0100
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0100
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0100
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0105
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0105
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0105
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0110
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0110
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0110
102



22. Carvalho DC, Palhares RM, Drummond MG, Gadanho M. Food metagenomics:
next generation sequencing identifies species mixtures and mislabeling within
highly processed cod products. Food Control.. 2017;80:183–186.

23. Australian Government. Australia’s second national plan of action to prevent,
deter and eliminate illegal, unreported and unregulated fishing. In: Australian
Government Department of Agriculture, ed. Canberra; 2014:1-25.

24. FAO of the UN. International plan of action to prevent, deter and eliminate
illegal, unreported and unregulated fishing. In: Food and Agriculture
Organization of the United Nations, ed. Reprinted 2017 ed. Rome: FAO of UN;
2001:1–16.

25. Craik W, Palmer D, Sheldrake R. Priorities for Australia’s biosecurity system. An
independent review of the capacity of the national biosecurity system and its
underpinning intergovernmental agreement. Canberra, Department of
Agriculture and Water Resources. 2017:1–188.

26. WTO. General Agreement on Tariffs and Trade (GATT) signed October 30, 1947
and in force 1 January 1948. Version The World Trade Organisation GATT
signed Marrakesh on 14 April 1994, and in force 1 January 1995. In: The WTO
Agreement series, ed. Geneva, Switzerland: World Trade Organisation; 1994:1–
2.

27. WTO. Sanitary and Phytosanitary Measures signed Marrakesh on 15 April 1994.
In: Organisation WT, ed. The WTO agreement series, Vol Entered into affect by
World Trade Organization on 1 January 1995. Switzerland: World Trade
Organisation; 1994:1–50.

28. WTO. Agreement on Technical Barriers to Trade (TBT) signed 1979 Tokyo
Round of Trade Negotiations. Resigned as the World Trade Organisation TBT at
Uruguay round of talks in 1994 entered into force 1 January 1995. In: The WTO
Agreement series, ed. Switzerland: World Trade Organisation; 1994:1–22.

29. Asche F, Bellemare MF, Roheim C, Smith MD, Tveteras S. Fair enough? Food
security and the international trade of seafood. World Dev.. 2015;67:151–160.

30. Savage J. Australian fisheries and aquaculture statistics 2015. Fisheries Research
and Development Corporation Project 2016�246. Canberra, Australia: ABARES;
2015:1–160.

31. FRDC. Seafood import and export by commodity. Fisheries Research and
Development Corporation, Web site. https://app.powerbi.com/view?
r=eyJrIjoiZTg2NTlhYmQtM2ZhMy00ZGUyLTkwMTktMDJhODE5MmUxNjQ2Iiw
idCI6Ijk3M2YzMGJjLTNlMWYtNGQwMC05NmEyLTVjZGM2NTE5YjQxOCIsIm
MiOjEwfQ%3D%3D Accessed 22/7/2018.

32. Aust. Bureau of Stat. Selected living cost indexes, CAT number 6467.0. ABS.
Website http://www.abs.gov.au/AUSSTATS/abs@.nsf/97adb482c0aba769ca
2570460017d0e7/0e1fe191c5e59d18ca2570d7001ad238!OpenDocument#
Timeseries Accessed 24/10/2018.

33. FSANZ. Australia and New Zealand Food Standards Code. The FSANZ. Melbourne,
Victoria: Information Australia; 1997.

34. FSANZ. The Australian and New Zealand Food Standards Code. In. Imported
foods: Imported foods inspection scheme. Vol 2018. Canberra: Food Standards
Australia and New Zealand; 2018.

35. FSANZ. The Australian and New Zealand Food Standards Code. In. The
Compendium of Microbiological Criteria for Food. Canberra: Food Standards
Australia and New Zealand; 2018.

36. Aust. Gov. Imported Food Control Act 1992 In: Federal Register of Legislation,
ed. Vol Compilation No. 25. Canberra: Australian Government; 2018:1–86.

37. Petrossian GA. Preventing illegal, unreported and unregulated (IUU) fishing: a
situational approach. Biol Conserv.. 2015;189:39–48.

38. Metuzals K, Baird R, Pitcher T, Sumaila UR, Ganapathiraju P. One fish, two fish,
IUU and no fish: unreported fishing worldwide. Handbook of marine �sheries
conservation and management. New York, NY: Oxford University Press;
2010:165–181.

39. Pramod G, Pitcher TJ, Pearce J, Agnew D. Sources of information supporting
estimates of unreported fishery catches (IUU) for 59 countries and the high
seas. Fish Cent Res Rep.. 2008;16(4):1–241.

40. Pitcher T, Kalikoski D, Pramod G, Short K. Not honouring the code. Nature..
2009;457(7230):658–659.

41. Pitcher T, Kalikoski D, Pramod G, eds. Evaluations of compliance with the FAO
(UN) code of conduct of responsible fisheries. Vancouver, Canada; 2006.
Fisheries Centre Research Reports No. 14. pp. 1–77.

42. Pitcher T, Kalikoski D, Ganapathiraju P, Short K. Safe conduct? Twelve years
�shing under the UN Code. Switzerland: World Wide Fund for Nature; WWF-
International and University of British Columbia; 2008.

43. Trygg Mat Tracking. Combined IUU vessel list. Website https://iuu-vessels.org/.
Accessed 1/7/2019.

44. Trygg Mat Tracking. Current IUU vessel search. Website https://iuu-vessels.org/
Home/Search Accessed 1/7/2019.

45. FAO. Fishing vessels finder. Food and Agriculture Organisation of the United
Nations. Website http://www.fao.org/figis/vrmf/finder/search/#stats Accessed.
1/7/2019.

46. Wertheim E. The naval institute guide to combat �eets of the world: Their ships,
aircraft, and systems. 16th ed. London, UK: US Naval Institute Press; 2015:1–
1008.

47. Sea Around Us. Sea around us project [interactive database]. http://www.
seaaroundus.org/data/#/eez Accessed 24/10/2018.

48. PEW. Missions & Values. The Pew Charitable Trusts. Web site. https://www.
pewtrusts.org/en/about/mission-and-values Accessed. 18/8/2018.

49. Allen J. About our efforts. The Paul G. Allen Family Foundation. Web site.
https://pgafamilyfoundation.org/About Accessed 1/7/2019.

50. FAO. Code of Conduct for Responsible Fisheries. In: Food and Agriculture
Organisation of the United Nations, ed. Rome;1995:1–108.

51. Pramod G. Policing the Open Seas: Global Assessment of Fisheries Monitoring,
Control and Surveillance in 84 Countries. Website https://
iuuriskintelligence.com/global-fisheries-mcs-report/ Accessed. 1/7/2018.

52. MRAG. Review of impacts of Illegal, Unreported and Unregulated fishing on
developing countries. Marine Resources and Fisheries Consultants. 2005:1–176.

53. FAO. Fishery and Aquaculture Country Profiles. Fisheries and Aquaculture
Department. Website http://www.fao.org/fishery/countryprofiles/search/en
Accessed. 19/12/2019.

54. CTI. Corruption perceptions index Corruption Transparency Index. Web site.
https://www.transparency.org/cpi2018 accessed 9 May 2019. Accessed 9/5/
2019.

55. Xiong X, Guardone L, Cornax MJ, et al. DNA barcoding reveals substitution of
Sablefish (Anoplopoma �mbria) with Patagonian and Antarctic Toothfish
(Dissostichus eleginoides and Dissostichus mawsoni) in online market in China:
How mislabeling opens door to IUU fishing. Food Control. 2016;70:380–391.

56. COLTO. Coalition of legal toothfish operators inc. Website https://www.colto.
org/toothfish-fisheries/. Accessed. 1/6/2019.

57. Kleboth J, Luning P, Fogliano V. Risk-based integrity audits in the food chain–a
framework for complex systems. Trends Food Sci Technol.. 2016;56:167–174.

58. Pramod G, Pitcher TJ, Mantha G. Estimates of illegal and unreported seafood
imports to Japan. Mar Policy.. 2017;84:42–51.

59. Spink J, Moyer DC, Speier-Pero C. Introducing the food fraud initial screening
model (FFIS). Food Control.. 2016;69:306–314.

60. Pastor-Valle J, González LM, Martín-Clemente JP, Merino FJ, Gottstein B, Gárate T.
Molecular diagnosis of diphyllobothriasis in Spain, most presumably acquired
via imported fish, or sojourn abroad. New Microb. New Infect.. 2014;2(1):1–6.

61. Esteban J, Muñoz-Antoli C, Borras M, Colomina J, Toledo R. Human infection by
a ‘‘fish tapeworm”, Diphyllobothrium latum, in a non-endemic country. Infection.
2014;42(1):191–194.

62. Kuchta R, Esteban J-G, Brabec J, Scholz T. Misidentification of Diphyllobothrium
species related to global fish trade, Europe. Emerg. Infect Dis.. 2014;20
(11):1955–1957.

63. Paugam A, Yera H, Poirier P, Lebuisson A, Dupouy-Camet J. Diphyllobothrium
nihonkaiense Bothricephalosis: a new risk linked to the consumption of salmon.
La Presse MØdicale.. 2009;38(4):675–677.

64. Yera H, Estran C, Delaunay P, Gari-Toussaint M, Dupouy-Camet J, Marty P.
Putative Diphyllobothrium nihonkaiense acquired from a Pacific salmon
(Oncorhynchus keta) eaten in France; genomic identification and case report.
Parasitol Int.. 2006;55(1):45–49.

65. Shimizu H, Kawakatsu H, Shimizu T, et al. Diphyllobothriasis nihonkaiense:
Possibly acquired in Switzerland from imported Pacific Salmon. Intern Med J..
2008;47(14):1359–1362.

66. Wicht B, de Marval F, Peduzzi R. Diphyllobothrium nihonkaiense (Yamane et al.,
1986) in Switzerland: first molecular evidence and case reports. Parasitol Int..
2007;56(3):195–199.

67. Wicht B, Marval F, Gottstein B, Peduzzi R. Imported diphyllobothriasis in
Switzerland: molecular evidence of Diphyllobothrium dendriticum (Nitsch,
1824). Parasitol Res.. 2008;102(2):201–204.

68. Ko KKK, Cao DYH, Wee LWY, Hsu LY, Yamasaki H. First two confirmed cases of
Dibothriocephalus nihonkaiensis in Southeast Asia (Singapore). Pathology..
2019;51(4):433–434.

69. Autier B, Belaz S, Degeilh B, Gangneux J-P, Robert-Gangneux F.
Dibothriocephalus nihonkaiensis: an emerging foodborne parasite in Brittany
(France)?. Parasit Vectors.. 2019;12(1):1–6.

70. Petrossian GA, Marteache N, Viollaz J. Where do ‘‘undocumented” fish land? An
empirical assessment of port characteristics for IUU fishing. Eur J Crim Policy
Res.. 2015;21(3):337–351.

71. HSTF. High Seas Task Force Closing the Net: Stopping Illegal Fishing on the High
Seas. Governments of Australia, Canada, Chile, Namibia, New Zealand, and the
UK, WWF, IUCN, and the Earth Institute at Columbia University. France, IUU
Fishing Coordination Unit Department for Environment, Food and Rural Affairs;
2006:1–116.

72. ABC. Outbreak. Australian Broadcasting Commission. Four Corners. Web site.
https://www.abc.net.au/4corners/outbreak/9932836. Accessed 2/7/2018.

73. De Marval F, Gottstein B, Weber M, Wicht B. Imported diphyllobothriasis in
Switzerland: molecular methods to define a clinical case of Diphyllobothrium
infection as Diphyllobothrium dendriticum. Euro Surveil.. 2013;18(3):20355.

74. Yamasaki H, Kuramochi T. A case of Diphyllobothrium nihonkaiense infection
possibly linked to salmon consumption in New Zealand. Parasitol Res..
2009;105(2):583–586.

75. Ikuno H, Akao S, Yamasaki H. Epidemiology of Diphyllobothrium nihonkaiense
Diphyllobothriasis, Japan, 2001–2016. Emerg Infect Dis.. 2018;24(8):1428–1434.

76. PEER. High seas harassmnent of fisheries observers more than doubles. USA,
Public Employees for Environmental Responbsibility. Web site. https://www.peer.
org/news/press-releases/high-seas-harassment-of-fisheries-observers-more-
than-doubles.html. 2013.

77. PEER. Open season on harassing fisheries observers. USA, Public Employees for
Environmental Responbsibility. Web site. https://www.peer.org/news/press-
releases/open-season-on-harassing-fisheries-observers.html. 2016.

78. PEER. Attackson fishing observers rise byalmost half in 2006. USA.Public Employees
for Environmental Responbsibility. Web site. https://www.peer.org/news/press-
releases/attacks-on-fishing-observers-rise-by-almost-half-in-2006.html. 2007.

79. NOAA. Oregon deck boss charged with assaulting federal fishery observer. USA,
National Oceanic and Atmospheric Administration. Web site. https://www.
westcoast.fisheries.noaa.gov/stories/2014/08152014_observer_asaulted.html.
2014.

M. Williams, M. Hernandez-Jover and S. Shamsi Journal of Biosafety and Biosecurity 2 (2020) 81�90

90

http://refhub.elsevier.com/S2588-9338(20)30024-8/h0115
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0115
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0115
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0130
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0130
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0130
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0130
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0150
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0150
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0155
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0155
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0155
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0170
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0170
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0180
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0180
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0180
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0190
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0190
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0195
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0195
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0195
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0195
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0200
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0200
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0200
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0205
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0205
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0215
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0215
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0215
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0230
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0230
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0230
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0235
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0235
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0235
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0245
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0245
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0260
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0260
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0260
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0265
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0265
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0270
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0270
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0270
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0280
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0280
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0280
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0280
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0285
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0285
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0290
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0290
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0295
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0295
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0300
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0300
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0305
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0305
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0305
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0310
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0310
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0310
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0310
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0315
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0315
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0315
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0320
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0320
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0320
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0325
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0325
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0325
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0325
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0330
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0330
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0330
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0335
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0335
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0335
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0340
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0340
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0340
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0345
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0345
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0345
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0350
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0350
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0350
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0355
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0355
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0355
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0355
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0370
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0370
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0370
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0375
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0375
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0375
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0380
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0380
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0385
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0385
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0385
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0385
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0390
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0390
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0390
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0395
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0395
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0395
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0400
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0400
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0400
http://refhub.elsevier.com/S2588-9338(20)30024-8/h0400
103



104 
 

Chapter 4 
 

 

Investigation and ranking of the biosecurity risk posed by freshwater fish 

imported into Australia due to supply chain breaches 

 

Aim 2: To prioritise the examination of edible freshwater FP imported into Australia, based on 

supply chain risk factors for country of origin and to report supply chain breaches which are 

inconsistent with Australian importation policies for respective FP. 

Preamble: It is not suggested that any one country intentionally produces freshwater fish for 

export which do not comply with Codex guidelines/codes of practice for FP. However, with an 

open access resource such as fisheries there is vast potential for errors to occur during 

production, processing, inspection and along the supply chain which may negatively impact 

the safety of freshwater FP imported into Australia. In the present study, a unique risk scoring 

system was developed using six predictor variables, identified in literature as significant 

contributors to seafood supply chain breaches, to score countries which export FP to Australia 

�D�V���µFreshwater fish high risk�¶�� Fishery products from high risk countries were examined for 

supply chain breaches which are inconsistent with Australian importation policies for imported 

edible FP. Supply chain breaches, such as mud, natural diet, vegetation and other physical 

hazards were recorded and used for statistical analysis in this Chapter and in Chapter five. 

2. Manuscript �����µA risk scoring system for seafood supply chain breaches and examination of 

freshwater fish imported to Australia�¶ (Published). 
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Abstract

Legislative changes have altered the way imported edible seafood is inspected in Australia. 
Greater onus of responsibility has been placed on exporting countries to provide documentary 
evidence of adherence to internally recognized food safety standards. According to global trade 
agreements, any additional safety tests applied to freshwater �sh imported into Australia must 
be justi�ed. Therefore, the aim of this study was to develop a risk scoring method to provide 
justi�cation for identifying countries as ‘Freshwater �sh high risk’ and�to examine the seafood they 
export to Australia for seafood supply chain breaches. Scoring was conducted using six predictor 
variables, identi�ed in the literature as important contributors to seafood supply chain breaches, 
to achieve the outcome variable, Country considered ‘Freshwater �sh high risk’. Sixty-seven 
�sh �llets (9.55�kg) of the same species were examined from the third highest scoring country 
(Country 20)� and 562 (5.6� kg) whole �sh from the sixth highest scoring country (Country 22). 
Country 20 had supply chain breaches of 28 macroscopic yellow cysts in one �llet. Two hundred 
and thirteen parasites and other supply chain breaches were identi�ed in �sh from Country 22, 
including retained liver (91 per�cent), visible mud (11 per cent), a variety of debris (16 per cent) 
and, depending on the commodity code, these �sh were imported to Australia under full intestine 
(90 per cent), retained gills (89 per cent), and partial intestine (9 per cent). Three serious physical 
hazards were recovered from the edible portion of three ‘consumer-ready’ �sh and snails of Genus 
Lymnaea and Indoplanorbis were recovered from gill mud also from ‘consumer-ready’ �sh. The 
study showed variable results from the scoring system and vast differences in seafood supply 
chain breaches between the third and sixth highest scoring countries.

Keywords:  Imported seafood; supply chain breaches; parasites.

Introduction

In 2018, the Imported Food Control Amendment Act 2018 (Aust. 
Gov, 2018) entered into effect in Australia. This Act heralded a sig-
ni�cant change in the way Australian biosecurity inspects imported 
edible foodstuff and re�ects Australian solidarity with the Articles 

of the General Agreement on Sanitary and Phytosanitary Measures 

(SPS) (WTO, 1994). Articles of the SPS inferentially encourage rec-

ognition and acceptance of between-country equivalency in food 

production safety systems in order to facilitate international trade. 

The Act accords exporters with greater responsibility to demonstrate 

Food Quality and Safety, 2021, 5, 1–15
doi:10.1093/fqsafe/fyab004

Article

D
ow

nloaded from
 https://academ

ic.oup.com
/fqs/article/doi/10.1093/fqsafe/fyab004/6298216 by guest on 15 January 2022

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-2826-1304
https://orcid.org/0000-0001-8803-9062
https://orcid.org/0000-0001-7205-2270
https://orcid.org/0000-0002-8606-6400
mailto:miwilliams@csu.edu.au?subject=
105



adherence to international health standards established by Codex 
Alimentarius (WTO, 1994). However, as Williams et� al., (2020) 
identify, Article 3 of the SPS implies that if an exporting country 
is able to demonstrate compliance with a Codex international 
health standard, despite this compliance providing less food safety 
biosecurity than the importing nation may desire, then a ‘adjust-
ment in compatibility’ of health standards may be unavoidable to 
expedite trade. It is unknown as yet if the Act augurs a positive step 
in Australian food safety biosecurity.

Seafood (=�sh in this study) is one of the most highly traded food 
vendibles world-wide. Aquaculture �sh has surpassed wild-caught 
catch in meeting the consumption requirements of humans globally 
(FAO, 2016). In Australia, 70–75 per cent of all seafood consumed is 
imported (Senior and Stewardson, 2019). However, placing the onus 
of responsibility for food safety on exporters who �nancially bene�t 
from the export of food may  allow the introduction of products 
of uncertain safety into the Australian food chain. As food supply 
chains have increased in breadth, penetration, and complexity, the 
challenges to food safety have increased apace (Moore et�al., 2012). 
Fox et�al. (2018) identi�ed four elements which threaten food in-
tegrity: ‘unintentional food quality’, ‘food safety’, ‘intentional food 
fraud’, and ‘defence’.

Intentional seafood fraud can take many guises, from �sh/
package mislabelling (Ceruso et�al., 2020), adulteration of ingredi-
ents (Power and Cozzolino, 2020), or forged declarations (Xiong 
et�al., 2016). Spink and Moyer (2011) de�ned food fraud as an ‘in-
tentional act for economic gain’ and comment that each fraudulent 
manipulation of the food chain can include multiple supply chain 
breaches. According to Moore et� al. (2012), fraudulent practices 
associated with the global seafood supply chain are carried out to 
bypass quality assurance, quality control and Hazard Assessment 
Critical Control Point (HACCP) plans/procedures.

A signi�cant challenge to Australian policy makers is how health 
standard equivalency can be adequately demonstrated when the en-
vironmental health safety standards of many exporting countries are 
contrary to those of Australia. According to scores in Wendling et�al. 
(2018), a number of countries which export farmed �sh to Australia 
have a country score of ‘0/100’ for ‘Wastewater Treatment’ and less 
than ‘30/100’ for ‘Water and Sanitation’. Wastewater treatment is 
fundamental to public health and provides a barrier between patho-
genic organisms and contamination of water sources from human 
and animal faecal contamination (Hoefel et�al., 2005). It has been 
demonstrated that water and sediment of �sh-farming ponds in�u-
ence bacterial composition of the �sh intestine and gills (Al-Harbi 
and Uddin, 2005; Muziasari et� al., 2017; Li et� al., 2020). Fish 
raised in faecally contaminated untreated waters are high risk for a 
number of pathogenic zoonotic parasites (Chaiputcha et�al., 2015; 
Vinh et�al., 2017). Food and Agriculture Organization of the United 
Nations (FAO) and World Health Organization (WHO) stated, in the 
‘Code of Practice for Fish and Fishery Products’, water used in �sh 
processing should be ‘Potable water, freshwater �t for human con-
sumption’  (FAO and WHO, 2020). Australia’s score for ‘Wastewater 
Treatment’ and ‘Water and Sanitation’ was 99/100 and 98/100, re-
spectively (Wendling et� al., 2018). It seems a downregulation of 
Australian health standards may have been necessary to accept �sh 
from countries with very poor or nil scores for the corresponding 
categories.

Breaches may be associated with the lack of �sh husbandry know-
ledge, inappropriate chemotherapy use, inexperienced employees, or 
poor water quality. Animal welfare and modern-day slavery were de-
scribed by Fox et� al. (2018) as factors contributing to the seafood 
supply chain vulnerability. Overcrowding has been demonstrated to 

have suppressive effects on �sh immunity (Tort et�al., 1996) in a variety 
of aquacultured or experimentally crowded species of �sh (Rotllant 
et�al., 1997; Montero et�al., 1999; Ortuño et�al., 2001; Caipang et�al., 
2009). Crowding therefore creates conditions ideal for proliferation 
of zoonotic bacteria and parasites (FAWW, 2007). Unskilled labour 
inclusive of child or forced labour is considered an ongoing issue in 
the global aquaculture industry. Fisheries and aquaculture are the 
second and third highest industry abusers of child labour, respectively. 
A� number of countries have been implicated in using child labour, 
some as young as 4� years old, in the �shery sector (Pearson et� al., 
2006; Srivastava, 2011; Zimmerman et�al., 2014; IOM, 2019; Verité, 
2019). A� study conducted in a country of the Indian subcontinent 
identi�ed 20.3 per cent of the labour force across �ve aquaculture 
facilities were child workers. The assigned duties of these children in-
cluded the use of dangerous chemicals (Ferdousi and Faruk, 2016). 
By implication, chemotherapy management for control of parasites 
and other diseases in some aquaculture facilities may be managed by 
a young or inexperienced workforce. It is unclear how �sh safety may 
be in�uenced by using unskilled or child labour; however, it seems lo-
gical that parasite mitigation strategies and appropriate chemotherapy 
controls may be inadequately supervised or applied.

The human health biosecurity risks of imported freshwater �sh 
due to seafood supply chain breaches have so far been unexplored. 
Although it appears that after the early infections of coronavirus 
disease 2019 (COVID-19) occurred at a seafood market, the issue 
of supply chain breaches is one of escalating importance for global 
food security (Galanakis, 2020). 

In 1994, Australia became signatory to three trade agreements 
at the Uruguay round of talks, collectively known as the Marrakesh 
Agreement. These agreements mandate Australia to justify any add-
itional tests applied to imported seafood. Therefore, the aim of this 
study is to develop a risk-scoring method to provide justi�cation for 
identifying countries as ‘Freshwater �sh high risk’ and examining the 
seafood they export to Australia for seafood supply chain breaches. 
The secondary aim is to examine �sh imported to Australia from any 
of the top 10 highest-scoring ‘Freshwater �sh high risk’ countries, for 
supply chain breaches according to Australian importation policy 
for the selected seafood.

Materials and�Methods

The study was conducted in three parts. In Part 1 and 2, a �shery 
supply chain risk scoring system was developed to identify a country 
as ‘Freshwater �sh high risk’. In Part 3, �shery products from two of 
the top 10�‘Freshwater �sh high risk’-scoring countries were exam-
ined for supply chain breaches that may pose a threat to Australian 
biosecurity. Each species of �sh examined in this study were identi-
�ed with a letter (Species A–F) and each species described in Table 1.

The purpose of this study is to investigate the safety of the 
seafood product imported into Australia, not to disadvantage the 
aquaculture industry of any developing country. Therefore, any in-
formation that may lead to the identi�cation of an included country 
has been omitted from the manuscript, auxiliary tables, and �gures. 
This information includes country descriptions, �sh species names, 
or citations. Any omissions in the manuscript for the stated reason 
is followed by (*).

Part�1
Six predictor variables were used to score the outcome variable 
‘Freshwater �sh high risk’. The predictor variables included so-
cial and environmental factors identi�ed in published literature as 

2� M. Williams et�al.
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important within the forensics of seafood supply chain breaches. In 
Table 2, the four factors that affect food supply chain integrity from 
Fox et�al. (2018), the predictor variables used in the present study and 
justi�cation for the use of each predictor variable is included. Three 
predictor variables included in this study were based on the nine sins 
of seafood in Fox et�al. (2018), and the titles modi�ed as considered 
appropriate. Titles which were modi�ed included (Fox study: This 
study) ‘Chain of custody abuse’: ‘Supply chain breaches’: ‘Modern 
day slavery’: ‘Unskilled labour’. The third predictor variable used in 
this study amalgamated ‘Economic deception’, which encompassed 
multiple fraudulent acts in Fox et�al. (2018), into one predictor vari-
able ‘Regulatory weakness’. This inclusion is supported by Sumaila 
et�al. (2017) and Agnew et�al. (2009) in which corruption was con-
cluded as an important component of �sh fraud. ‘Inspector coercion’ 
was also included based on Sumaila et�al. (2017) and Agnew et�al. 
(2009). The predictor variable ‘Australian import breach’, which tal-
lied the amount of imported seafood deemed in breach of import con-
ditions on entry to Australia, was novel to this study. However, Fox 
et�al., (2018) details species adulteration, banned additives/contamin-
ants, and chain of custody abuse as a threat to consumer rights/public 
health. Accurate labelling, origin of the product, additives and visual 
inspection for contaminants are requirements for entry of imported 
seafood into Australia. The predictor variable ‘Australian import 
breach’ is supported by Fox et� al., (2018) and Australian require-
ments for imported edible seafood. The Predictor variable ‘Water, 
sanitation and wastewater treatment’ was also unique to this study; 
however, there is strong evidence to support contaminated water as 
an important in�uencer of zoonotic bacteria/parasites of seafood 
(Tendencia and de la Peña, 2001; Saha and Pal, 2002; Novotny et�al., 
2004; Miller et�al., 2005; Sayasone et�al., 2011; Chaiputcha et�al., 
2015; Vinh et�al., 2017; Chaisiri et�al., 2019). In addition, certain 
parasites have recently been identi�ed as effective faecal bacteria in-
dicators (Lacerda et�al., 2018; Amadi et�al., 2020). As such, the inclu-
sion of ‘Water, sanitation and wastewater treatment’ is valid for the 
purposes of this�study.

Sources of information for each predictor variable
Predictor variable 1, ‘Supply chain breaches’
The scores for predictor Variable 1 were collated from published 
cases of �sh mislabelling in which a labelled species of �sh was sub-
stituted for another. A� total of 60 publications were evaluated for 
cases of mislabelling from a review of published literature. The litera-
ture search included English text publications from 2000 until May 
2019 and the sites used were Web of Science and Google Scholar. 
The search terms used for the literature search were: �sh AND fraud 
odds ratio (OR) mislabelling/or mislabeling OR renaming OR DNA 

barcoding OR market substitution OR fraudulent renaming OR 
fraudulent labelling/or labeling. As it is impossible to know where 
the mislabelling occurred along the �shery supply chain both the 
country of origin included on the �sh label, if known, and country 
where the substitution occurred were both included in scoring. High 
levels of �sh mislabelling have been identi�ed at both the produc-
tion/supplier and end-user level (Warner et�al., 2012a; Warner et�al., 
2012b; Xiong et�al., 2016; Xiong et�al., 2018; Ceruso et�al., 2020). 
It is considered that including both the country of origin where the 
mislabelling was identi�ed and country on the label, although not 
perfect, was the most accurate way to score this variable.

Predictor variables 2 and 3, ‘Unskilled labour’ and ‘Inspector 
coercion’
Scoring for variables 2 and 3 included published literature, 
Government and media reports. Variable 2 included cases of child 
labour, restriction of liberty, sleep or food deprivation, and other 
human rights abuses described in published literature and other 
media reports. Scoring for variable 3 included cases which describe 
threats of personal harm, general harassment, sleep deprivation, 
money or alcohol offered as a bribe, tampering with of�cial docu-
mentation and interfering with �sh inspection procedures.

Predictor variable 4, ‘Regulatory weakness’
The Corruption Perceptions Index (TI, 2018) is published annually 
by Transparency International (TI). The index ranks public-sector 
corruption based on advice from business people and industry ex-
perts and is intended as a tool to advance ‘accountability, integrity 
and transparency’ in the democratic foundations of each country. 
The scores awarded by TI are out of 100, with 100 representing the 
least corrupt.

Predictor variable 5, ‘Water, sanitation and wastewater 
treatment’
The Environmental Performance Index (EPI; Wendling et�al., 2018) 
is a joint collaboration between the World Economic Forum and 
Columbia and Yale Universities. The EPI ranks countries on ‘en-
vironmental health and ecosystem vitality’. There are 24 perform-
ance indicators used by the EPI to score each country. In the present 
study scores for two of the EPI performance indicators, ‘Water and 
Sanitation’ and ‘Wastewater Treatment’ in Wendling et� al. (2018) 
were combined for Predictor variable�5.

Predictor variable 6, ‘Australian import breach’
The Department of Agriculture, Water and the Environment of Australia 
(Department of Agriculture, Water and the Environment, 2018) 

Table 1.  Description of Species A–F examined in this study

Fish ID Fish details

Species A Family Pangasiidae; a commercial freshwater aquaculture �sh. Mostly fed on commercial pelleted high-protein feeds. However, 
integrated farming systems and variations of this system may be used during �sh production 

Species B Family Cyprinidae; raised by local communities and considered a cash crop. It is found in slow-moving freshwater such as ponds 
and ditches. This benthopelagic species feeds on algae, crustaceans, insects, and/or larvae and other organic debris

Species C Family Channidae; primarily raised in freshwater aquaculture. This species feeds on worms and insects and is known as a  
voracious and predatory carnivore of other small �sh. The preferred habitat is stagnant waters in muddy streams

Species D Family Cyprinidae; a commercially cultured freshwater �sh that is found in static freshwater ponds and is a herbivorous feeder
Species E Family Bagridae; a commercial species that inhabits freshwater lowland rivers/basins and feeds on insects, crustaceans, and other 

plant matter 
Species F Family Cyprinidae; a freshwater aquacultured edible and ornamental �sh species. It inhabits a variety of ponds, village lakes, 

�oodplains, and back swamps. It is voracious feeder of freshwater aquatic plants and other �oating organisms

Risk scoring system for seafood supply chain breaches � 3
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compiles monthly reports for imported foods which fail testing and 
inspection on arrival into Australia. All imported seafood failed from 
November 2009 until February 2018 was used to score this variable.

Part�2
Risk scoring: predictor variables 1–6
Each of the 84 countries that Australia imported seafood from 
during 2017, according to Fisheries Research and Development 
Corporation (FRDC) market trade data (FRDC, 2017), were ran-
domly allocated a ‘Country’ number, which was used as an identi�er 
for this study and will be used in subsequent publications. For scoring 
of variable 1, the country of origin included on �sh packaging label 
and country where the �sh mislabelling was identi�ed, if known, 
and were each awarded a score of ‘1’ and scores combined for each 
country. For variables 2 and 3, a score of ‘1’ was awarded for each 
separate incident/number of people involved, which could be attrib-
uted to any of 84 countries from which Australia imports edible 
freshwater seafood. As publications or media reports often described 
multiple incidents or numerous individuals involved in incidents, a 
score of ‘1’ was awarded for each separate incident or for each indi-
vidual involved in the incident. For example, if 15 individuals were 
reported exploited in the farmed prawn trade, ‘15’ was the score 
awarded to the country implicated. The scores included for variable 
4, ‘Regulatory weakness’, were those awarded by TI (2018). The TI 
scores out of a possible 100 were reverse-scored to represent the 
lowest score as least likely to have weak regulatory processes. Scores 
for variable 5 were actual scores awarded out of 100 (100 being 
the best performers) by EPI for performance indicators ‘Water and 
Sanitation’ and ‘Wastewater Treatment’. The scores for each EPI in-
dicator of ‘Water and Sanitation’ and ‘Wastewater Treatment’ were 
added and then reverse-scored to re�ect 100 as the poorest country 
performers. A�country was awarded a score of ‘1’ for each time im-
ported seafood was failed during inspection on entry to Australia 
for variable 6.� Scores for all six variables were collated and the 
mean calculated for each country. Inspection of �sh for supply chain 
breaches included product from any of the top 10 scoring countries 
and using methods appropriate for each type of �sh product.

Part�3
Inspection of �sh from any of the top 10 scoring countries followed the 
procedures described in this part, and varied according to the type of 
�sh product. Species A, a white-�eshed �lleted �sh, was described in the 
section ‘White-�eshed �sh �llets’. Species C–F were whole �sh and in-
spected with the procedures described in the section ‘Inspection of �sh 
that were entire’. Species B, which was whole but very small, followed 
the external examination description described in the ‘Inspection of 
�sh that were entire’ section, and immediately followed by the pepsin 
digestion according to pepsin digestion method. The internal organs 
of Species B were not individually examined. As Species B was ex-
tremely small it was considered this �sh was likely to be consumed 
entire. Parasites or other biosecurity concerns in the intestine or the 
musculature therefore presented the same human health biosecurity 
risks. Subsequent to the design of the present study, a risk-scoring and 
�sh dissection method was validated by Smaldone et�al. (2020).

White-�eshed �sh��llets
Before handling, a sterile swab was taken from the external surface of 
each �llet and stored for later bacterial culture. Fillets were given a unique 
sample number before measuring the ratio of Depth:Length:Width 
of each �llet. The �llet was laid across a candling table and examined 

for visible parasites by a parasitologist experienced in the detection of 
�sh parasites. Blemishes or irregularities identi�ed in any �llet were re-
moved and examined under a dissecting microscope. The candling table 
and light concentration was constructed according to speci�cations in 
Bier et�al. (2001). The average light intensity 30�cm above the centre of 
the acrylic sheet was 1500–1800 lux and the brightness directly above 
the light source was at a ratio of 3:0.1 with the outer limit of the visual 
�eld. To ensure a thorough examination the entire �sh �llet was then 
sliced into two portions of approximately equal depth and re-candled. 
Parasites, if present, were collected. Parasite presence and any other rele-
vant observations were recorded for analysis.

Inspection of �sh that were�entire
Before handling, a sterile swab was taken from the external surface 
of each �sh and stored for later bacterial culture. Following this, 
�sh were inspected for any unusual gross abnormalities, pathology, 
or signs of contaminants such as mud/pond weed/food debris/sticks. 
The results of each inspection were recorded. When present, the in-
ternal organs, gill, and head cavity were inspected using a dissecting 
microscope (Leica EZ4 Stereo Microscope; 10× magni�cation) and 
any parasites collected (Shamsi and Suthar, 2016). For Species B, 
which was a very small �sh, only the external surfaces were exam-
ined before being digested in a pepsin solution.

Pepsin digestion�method
After inspection of white �eshed �llets or entire �sh all �sh samples 
were lightly blended in a food processor. The sample weight was cal-
culated based upon the recommendation of 250�g/1�kg sample of �sh. 
The sample was then arti�cially digested in a physiological saline–pepsin 
solution (0.85 per cent sodium chloride with pepsin added to a con-
centration of 15�mg/L) (Bier et al., 2001). The pH of the solution was 
adjusted, after the �sh was added to the solution, by adding HCl 6N (ap-
proximately 3�mL) to obtain a �nal value of pH 2.0. The pepsin solution 
was processed in an incubator orbital (run 37�°C; ~100–120�r/min 
16–20 hours), then passed through a 1000-micron mesh strainer. The 
clarity of the �sh digesta was adjusted with physiological saline 
and the remaining contents examined for parasites under a dissecting 
microscope (Leica EZ4 Stereo Microscope; 10× magni�cation).

Statistical analysis
Analyses were conducted using statistical software ‘R’ (R Core Team, 
2020). Where breach data were available for individual �sh products 
univariate logistic regression was employed to assess the association 
between breach type (i.e. debris present, gastrointestinal tract pre-
sent) and �sh species. Model �t was assessed using the Chi-square 
test. Where signi�cant terms were present (at P<0.05), odds ratios 
and con�dence intervals were calculated to quantify the strength of 
an association between �sh species and breach type. Univariate lo-
gistic regression was also employed to identify associations between 
identi�ed breaches (mud, debris, organs present) and the parasites 
present (list). Model �t was assessed, and odds ratios calculated 
where signi�cant associations were observed. Pooled inspection data 
(limited to Species B only) were omitted from any statistical analysis 
due to the inability to interpret identi�ed breach outcomes at an in-
dividual product level. Instead, these data are described descriptively.

Sample�storage
Parasites were stored in 2.5 mL sterile Eppendorf® tubes containing 
70 per cent ethanol. Other debris, foreign bodies, snails, or items of 
interest were either stored as for parasites or if intended for future 
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bacterial culture were stored in sterile Eppendorf® tubes containing 
sterile�glycerol and frozen at –20� °C. Glycerol samples from each 
bottle used in this study were also stored for future bacterial culture.

Sterile�swabs
Sterile swab samples were taken by swabbing the external surface 
of each �sh using sterile culture swabs as per Saito et�al. (2011) that 
had been pre-autoclaved at 121�°C for 60 minutes. Swab tips were 
immersed into sterile�glycerol to preserve bacteria in 2.5 mL sterile 
Eppendorf® tubes and frozen at –20�°C for later microbial study.

Results

Figure 1 illustrates the contribution each predictor variable made to 
Country scores and Table 3 displays the top 10 scoring countries. 
Country 50 had the highest score, with a mean of 146.7, largely made 
up of high scores for Predictor variables ‘Unskilled labour’ and ‘Water, 
sanitation and wastewater treatment’. However, as Country 50 has 
a limited market penetration in Australia, imported �sh from this 
country were not included for examination. There was a 32.4�per�cent 
decrease between Country 50 and the second highest score, Country 
9.�The score of Country 9 was largely contributed by ‘Supply chain 
breaches’ and ‘Inspector coercion’. There was a 70 per cent decrease 
between Country 50 and the tenth-scoring country, Country 64. 
Countries 9, 20 and 30 incurred scores for all of the six predictor 
variables; Countries 99, 76 and 40 for �ve of the predictor variables; 
Country 22 for four; and Countries 64, 50 and 70, three and two, 
respectively.

There were 1.2 per cent of countries which scored over 80 for 
‘Regulatory weakness’, 14.5 per cent over 70 and 22.6 per cent 
over 60 (100 indicating poorest score). For ‘Supply chain breaches’, 
7.1�per cent of countries had over 50 breaches and 16.7 per cent had 
between 10 and 50. For ‘Inspector coercion’, 1.2 per cent of countries 
scored over 100 and there were 19.0 per cent that scored between 
1 and 30. Five percent of countries scored over 100 for ‘Unskilled 
labour’ and 27.3 per cent scored between 1 and 10. For ‘Australian 

import breach’, 1.2 per cent scored over 100 breaches and 17.9 per cent 
over 10. There were 13.0 per cent of countries which scored over 
150 and 100, and 33.3 per cent scored over 50 for ‘Water, sanita-
tion and wastewater treatment’, which combined scores out of 100 
for ‘Wastewater Treatment’ and ‘Water and Sanitation’, respectively. 
Within ‘Water, sanitation and wastewater treatment’, 10.0 per cent 
scored 100 for wastewater treatment, 18.0 per cent scored higher 
than 70, and 32.0 per cent higher than 50 for water and sanitation 
(high score indicates poor standard).

There were 67 �sh �llets (Species A) of the same species (9.55�kg) 
examined from Country 20, which was the third-highest scoring 
country, and 562 whole �sh (5.6�kg) of �ve different species (Species 
B–F) from Country 22, which was the sixth-highest scoring country 
for the outcome variable ‘Freshwater �sh high risk’, examined for 
parasites (Table 4). No identi�able parasites were recovered from 
any of Species A.�However, 28 macroscopic yellow cysts were ob-
served embedded in one �llet. Many of the �llets of Species A�from 
the same bag showed frequent holes, which may mean cysts had been 
removed along the processing line and one �llet was inadvertently 
missed. Yellow cysts will be sent for histology and results reported in 
a subsequent publication. No parasites were recovered from Species 
B or D; however, a total of 213 parasites were recovered from Species 
C, E, and F and were comprised of (number: Phylum) 46: Nematoda; 
69: Platyhelminthes, 95: Acanthocephala, and three were unknown. 
Of the 562 �sh examined from Country 22, 91 per cent had retained 
liver; 9 per cent retained intestine; 89 per cent retained gills; 92 per cent 
had not been purged and had retained food items; 16 per cent and 
11�per�cent had visible debris and mud, respectively. Nine percent had 
partially retained intestines (Figure 2A–2J). Three corroded barbed 
�sh hooks with string attached were recovered from the edible por-
tion of consumer-ready Species C (Figure 2A–2C). Two packets of 
Species B were in breach of Australian labelling requirements for im-
ported �sh. Both packets describe the contents as ‘gutted’; however, 
360 �sh were entire (Figure 2D). Eleven snails of Genus Lymnaea 
(N=10) and Indoplanorbis (N=1) were recovered from gill mud of 
Species D, which were also consumer-ready (Figure 2E).

Figure 1.   The percentage contribution of each of the six predictor variables to country scores. AUS,  Breach identi�ed in seafood imported to Australia breach.
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Fish species was associated with several of the identi�ed 
biosecurity concerns (P<0.05) (Table 5). Species C was most likely to 
be infected with any parasite, then Species E (OR 0.177; con�dence 
interval (CI) 0.031, 0.351), Species A�and Species F (OR 0.007; CI 0, 
0.032). In addition, Species F specimens were less likely (OR 0.044; 
CI 0.002, 0.214) to be affected by digenic parasites than Species 
C.�Species E was signi�cantly associated with the identi�cation of 
parasite/other eggs (P<0.05). Fish species was also associated with 
the recovery of whole gastrointestinal tracts (P<0.001) and partial 
gastrointestinal tracts (P<0.001). Whole gastrointestinal tracts were 
recovered from all Species B, Species E and Species F (100 per cent). 
Compared to Species C, whole gastrointestinal tracts were less likely 
to be recovered from Species D (OR 0.054; CI 0.003, 0.286), while 
partial gastrointestinal tracts were more likely to be recovered (OR 
21; CI 3.9, 389.0) from Species�D.

The presence of gastrointestinal tract (whole, partial, or no gastro-
intestinal tract) was signi�cantly associated with the occurrence of 
some parasites (P<0.05; Table 6). Little difference was observed in 
the occurrence of all parasite species when partial gastrointestinal 
tracts were present (OR 1.449; CI 0.758, 2.756) compared to whole 
gastrointestinal tracts, but the likelihood of parasite recovery was re-
duced when no intestinal tract was recovered (OR 0.106; CI 0.031, 
0.274). Acanthocephalan and nematode parasites were more likely 
to be recovered from specimens where partial gastrointestinal tracts 
were present (OR 1.627; CI 0.744, 3.443 and OR 1.842; CI 0.728, 
4.448, respectively) compared to specimens where full gastrointes-
tinal tracts were present. Full retained intestines were associated 

with the presence of digenic parasites (P<0.05). Partial intestine and 
no intestine were 0.545 times and  0.22 times less likely to be asso-
ciated with digenic parasite infection.

In each instance, mud (P<0.05 Table 7) was associated with pres-
ence of parasites (OR 4.452; CI 2.456, 8.167), presence of digen-
eans (OR 4.217; CI 1.958, 9.118) and acanthocephalans (OR 3.4; 
CI 1.647,�6.97).

Discussion

The scoring system for visual inspection of seafood supply chain 
breaches returned mixed results between Countries 20 and 
22. Country 20 scored highly for ‘Australian import breach’ 
(29.4� per� cent of total). Country 20 would not have been one of 
the high-risk countries if the predictor variable ‘Australian im-
port breach’ had not been included in this study. Country 22 had 
high scores for three predictor variables, ‘Water, sanitation and 
wastewater treatment’ (44.3 per cent), ‘Regulatory weakness’ 
(23.1 per cent), and ‘Unskilled labour’ (31.87 per cent), and these 
may be the most important factors that in�uence the seafood supply 
chain safety of freshwater �sh imported into Australia. In future 
studies, weighting Predictor variables based on results of this study 
would be bene�cial.

Wastewater treatment has been demonstrated to protect water 
sources from human and animal faecal contamination (Hoefel 
et� al., 2005) but also from several pathogenic zoonotic parasites 
(Chaiputcha et�al., 2015; Vinh et�al., 2017). A�high prevalence of 
parasites in �sh from Country 22 may be due to poor water and 
sanitation coupled with an inexperienced labour force. It is possible 
that inspection procedures during processing to ensure compliance 
with Australian importation guidelines and other recommended 
parasite mitigation strategies are also poorly implemented.

Table 8 shows the Australian importation requirements for all 
�sh examined in this study and the many breaches identi�ed in this 
study that were inconsistent with Australian importation policy 
for edible �sh. Edible �sh imported into Australia must be ac-
companied by documentation from approved inspection facilities 
that declare the product as safety-compliant for a particular com-
modity code (Table 8). Country 22 scored highly for the variable 
‘Regulatory weakness’. This is supported by the label breaches 
(Figure 2D), consumer-ready �sh with full or partial intestine 
remaining (Figure 2F–2G), and unclear commodity code status of 
wild-caught versus farmed �sh identi�ed in this�study.

‘Unskilled labour’ comprised 28.5 per cent of the total for 
Country 20; however, only 13.7 per cent of the total was ‘Regulatory 

Table 3.  The top 10-scoring countries for outcome variable 
‘Farmed/freshwater �sh high risk’

Country identi�er Mean score

50 146.6
9 86.2
20 81.2
30 68.5
76 53.8
22 53.3
40 48.0
99 45.8
70 43.8
64 43.5

Countries in bold indicate those selected for examination of fishery 
products.

Table 4.  Parasite data for all �sh examined in this study

Country Fish ID Fish (N) (A) Parasite (N) (B) Parasite (N) (C) Parasite total (N) Parasite phylum

20 � 67 28 0 28 Unknown
22 � 360 0 0 0 —

 � 103 46 0 46 Nematodes
 �  5 0 5 Platyhelminthes 
 �  54 2 56 Digeneans
 �  95 0 95 Acanthocephalans
 �  3 0 3 Unknown
 � 14 0 0 0 —
 � 18 6 0 6 Digeneans
 � 67 2 0 2 Digeneans

Parasites recovered after visual inspection (A), after pepsin digestion (B), and combined parasite total (C).
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weakness’. Despite having 28 breaches from 67 �sh, packaging was 
visually clean, �sh appropriately glazed and no debris, mud, or other 
physical hazards were identi�ed. The 28 macroscopic yellow cysts 
were observed in one �llet of a package of seven. As all �llets in the 
package showed visible signs that other imperfections had been re-
moved it is clear that parasite mitigation strategies during processing 
(candling) are mostly effective and that regulation of safety inspec-
tion and the declarations accompanying the product is enforced. It is 
feasible that one �sh �llet may be missed along the processing line. 
Therefore, unskilled labour may only be an in�uencer of imported 
seafood supply chain safety when veri�cation of safety compliance is 
subject to regulatory weaknesses in the respective exporting country. 
Until identi�cation has been made of the parasite/bacteria responsible 

for the macroscopic yellow cysts in Species A� from Country 20, it 
will not be known if the supplier of this batch may have a farm-level 
safety issue at the aquaculture facility.

An unusual �nding of the study was that visible mud was sig-
ni�cantly associated with all parasites (OR 4.452; CI 2.456, 8.167), 
presence of digeneans (OR 4.21; CI 1.958, 9.118) and acantho-
cephalans (OR 3.4; CI 1.647, 6.97). Species C was the most highly 
parasitized �sh in this study. Species C of family Channidae is a 
freshwater �sh which feeds on worms and insects and predates other 
small �sh. These �sh are known as voracious and predatory carni-
vores in Country 22 (*). The preferred habitat for this species is stag-
nant waters in muddy streams (Froese and Pauly, 2018). Predatory 
�sh have great potential to become highly infected with multihost 

Figure 2.   The various supply chain safety concerns identi�ed in this study. (A–C) are �sh hooks recovered from consumer-ready �sh. The maximum length was 

(1.0–1.4�cm) and width (0.25–0.5�cm). (D) is a package of Species B indicating �sh were gutted and all �sh were uneviscerated. (E), one of the snails recovered 

from the gill mud of Species D.�(F) shows full intestine and (G) livers recovered from consumer-ready Species C.�(H–J) show the variable processing standards 

of �sh from Country 22.
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parasites acquired during feeding (Lafferty and Kuris, 1999; Hall 
et�al., 2007). It may be that mud in this study was a confounder. 
Mud may have been associated with the �sh habitat/carnivorous 
feeding, inexperienced labour during processing, poor processing 

standard operating procedures, and weak regulatory safety proto-
cols and/or inspection procedures. However, many species of fresh-
water aquatic snails have a preference for lentic environments 
with stagnant water (Giovanelli et� al., 2005). Lymnaea spp. and 

Table 5.  Identi�ed biosecurity breaches. Odds ratios calculated using the �rst level as a reference

Identi�ed biosecurity breech Species Occurrence (N) Odds ratio (95% CI) P value

Presence of any parasite Species C 69.5% (105)  <0.001
 Species D 0% (14) —  
 Species E 21.1% (19) 0.117 (0.031, 0.351)  
 Species A 1.5% (67) 0.007 (0, 0.032)  
 Species F 1.5% (67) 0.007 (0, 0.032)  
Presence of digenic parasites Species C 25.7% (105)  <0.001
 Species D 0.0% (14) —–  
 Species E 21.1% (19) 0.77 (0.206, 2.342)  
 Species A 0.0% (67) —  
 Species F 1.5% (67) 0.044 (0.002, 0.214)  
Identi�cation of eggs Species C 1.0% (105)  0.008
 Species D 0.0% (14) —  
 Species E 15.8% (19) 19.5 (2.339, 407.805)  
 Species A 0.0% (67) —  
 Species F 0.0% (67) —  
Recovery of whole gastrointestinal tract Species C 57.1% (105)  <0.001
 Species D 7.1% (14) 0.054 (0.003, 0.286)  
 Species E 100.0% (19) —  
 Species A 0.0% (67) 0 (0, 1.708e+21)  
 Species F 100.0% (67) —
Recovery of partial gastrointestinal tract Species C 37.1% (105)  <0.001
 Species D 92.9% (14) 21 (3.949, 388.967)  
 Species E 0.0% (19) —  
 Species A 0.0% (67) —  
 Species F 0.0% (67) —  

Dashes denote levels where rational odds ratios could not be calculated. CI, con�dence interval.

Table 6.  Presence of organs

Species Presence of organs Occurrence (N) Odds ratio (95% CI) P value

Any parasite Full intestinal tract 35.4% (147)  <0.001
 No intestinal tract 5.5% (73) 0.106 (0.031, 0.274)
 Partial intestinal tract 44.2% (52) 1.449 (0.758, 2.756)
Acanthocephala Full intestinal tract 17.0% (147)  <0.001
 No intestinal tract 0.0% (73) —  
 Partial intestinal tract 25.0% (52) 1.627 (0.744, 3.443)
Nematode Full intestinal tract 10.2% (147)  <0.001
 No intestinal tract 0.0% (73) —  
 Partial intestinal tract 17.3% (52) 1.842 (0.728, 4.448)
Digenea Full intestinal tract 16.3% (147)  0.016
 No intestinal tract 4.1% (73) 0.22 (0.051, 0.657)  
 Partial intestinal tract 9.6% (52) 0.545 (0.176, 1.408)

CI, con�dence interval.

Table 7.  Presence of mud

Species Presence of mud Occurrence (N) Odds ratio (95% CI) P value

Any parasite No mud 21.4% (210)  <0.001
 Mud present 54.8% (62) 4.452 (2.456, 8.167)
Acanthocephala No mud 10.0% (210)  0.00111
 Mud present 27.4% (62) 3.4 (1.647, 6.97)  
Digenea No mud 7.6% (210)   
 Mud present 25.8% (62) 4.217 (1.958, 9.118) <0.001

CI, con�dence interval.
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Indoplanorbis spp. are recognized intermediate hosts for zoonotic/
nonzoonotic digenean and trematode parasites (Britz et�al., 1985; 
Singh et al., 2012; Chontananarth and Wongsawad, 2013; Suanyuk 
et� al., 2013; Nyindo and Lukambagire, 2015; Shareef and Abidi, 
2015) and a heavy burden of digested shells of these gastropod spe-
cies were identi�ed in Species C and E, both of which were infected 
with digenean parasites. In this instance mud may be signi�cant for 
digenean infection in some �sh from Country 22. Controlling snail 
populations is essential to reducing digenean/trematode infection 
(Singh et al., 2014) and the use of synthetic molluscicides is the most 
effective control for gastropods (Yang et� al., 2010; WHO, 2017). 
The snails identi�ed in the stomach contents of Species C/E and in 
the gill mud of Species D indicate that chemotherapy to control the 
snail intermediate hosts may not be adequately controlled by produ-
cers at the farm level in Country 22. This may be a re�ection of the 
high score for the predictor variable ‘Unskilled labour’.

The 67 �llets examined in this study from Country 20 were 
frozen; however, as can be seen in Table 8 under import code 
030432HS, Species A�from Country 20 may also be imported fresh 
or chilled, and providing all importation documentation is com-
pliant, for this country and �shery product automatic entry into 
Australia is permitted. The products examined in this study appear 
compliant with the importation requirements for this commodity 
code apart from the 28 macroscopic yellow cysts in one��llet.

The commodity code and safety compliancy status of all �sh 
from Country 22 was unclear and/or poor when compared with 
Australian importation requirements. Table 8 shows Country 22 
may import whole �sh, frozen or fresh, under commodity codes 
0302HS and 0303HS (Australian Bureau of Statistics, 2019). 
However, according to information at Australian Biosecurity Import 
Conditions (BICON), �sh of these codes from Country 22 must 
be either ‘consumer-ready’ (head and gills removed and eviscer-
ated) or wild-caught nonconsumer-ready (livers must be removed; 
Department of Agriculture, Water and the Environment, 2020). 
Farmed, whole nonconsumer-ready �sh are only accepted from 
Taiwan and the Philippines. Species C and D were consumer-ready 
�sh; however, Species C was statistically demonstrated to have high 
retained full and partial intestine and gills (Figure 2F–2G). The pres-
ence of entire and partial gastrointestinal tract was signi�cantly as-
sociated with the occurrence of parasites. Only two parasites were 
recovered after digestion of Species C musculature. It is therefore 
considered that lack of compliance with Australian importation re-
gulations for consumer-ready �sh from Country 22 has the poten-
tial to introduce parasites of human health concern into the nation’s 
food supply chain. It is also considered that upskilling workers in-
volved in processing �sh from Country 22 will largely eliminate the 
parasite and other risks in the exported �sh. A�number of new host 
records globally, for parasites infecting edible and ornamental fresh-
water �sh (Acosta et� al., 2020; Al-Jawda and Ali, 2020; Chanda 
et�al., 2020; Morozova et�al., 2020; Guardone et�al., 2021), may 
signal a need for greater emphasis to be placed on �sh parasites in 
imported��sh.

The processing standard between consumer-ready species of �sh 
from Country 22 was highly variable (Figure 2I-2J) and it is con-
sidered that processing by inexperienced labour must have played 
a large part in this variability. In addition, consumer-ready �sh im-
ported into Australia must be accompanied by a declaration from an 
of�cial inspection facility in Country 22 that �sh have been processed 
to compliance. Consumer-ready �sh from Country 22 (Figure 3) are 
not inspected on arrival into Australia providing valid documenta-
tion accompanies the product. It seems clear that ‘Unskilled labour’ 

at the farm level/during processing and ‘Regulatory weakness’ has 
the potential to introduce safety uncertainty in consumer-ready �sh 
of Species C and D that are imported into Australia from Country 
22. In addition, two packets of Species B clearly stated the �sh were 
gutted (Figure 2B) and 360 �sh were entire. Species E and F were 
also entire. 

Wild-caught whole nonconsumer-ready �sh from Country 22 
must be accompanied by an ‘Import permit’ and declaration that �sh 
have been veri�ed wild-caught. In addition, Country 22 must dem-
onstrate compliance with all of BICON importation categories for 
each �sh species with an ‘Of�cial Government Certi�cate’ from an 
approved facility, for categories as follows:

For low-risk �sh species, the following evidence must be provided:

1.	 The genus and species of �sh contained in the consignment.
2.	 A statement that the �sh were wild-caught.
3.	 A statement that the �sh were not grown or harvested in an aqua-

culture system at any stage.
4.	 A statement that the consignment does not contain �sh species 

other than those listed above.
5.	 A statement that the �sh were processed in premises (including 

vessels/refrigerated warehouses) approved by and under the con-
trol of the competent authority.

6.	 A statement that the �sh were inspected under the supervision of 
the competent authority and/or systems approved by the compe-
tent authority.

7.	 A statement that the �sh are free from visible lesions associated 
with infectious disease.

In a 2011 study it was estimated that over 70 per cent of households 
in rural areas of Country 22 were involved in some form of aqua-
culture on freshwater �oodplains (*). Species E, according to Froese 
and Pauly (2018), is listed as a ‘commercial; aquaculture’ species for 
this country. Species B is raised by local communities and considered 
a cash crop (*) and Species F is raised in polyculture aquaculture (*). 
Clari�cation is required regarding how wild stocks in Country 22 
are able to ful�l reliable, continuous and steady export demand. If 
Species B, E and F and are ‘Wild-caught whole nonconsumer-ready’ 
then BICON condition E states ‘Each consignment must be packed 
in clean and new packaging and must be free of live insects, seeds, 
soil, mud, clay, animal material (such as faeces), plant material (such 
as straw, twigs, leaves, roots, bark) and other debris prior to arrival 
into Australian territory’ (Department of Agriculture, Water and the 
Environment, 2020) and in Health and Safety commodity codes that 
livers shall be removed (Department of Agriculture, Water and the 
Environment, 2017). According to the heading codes and classi�cation 
that the �sh examined in this study were imported under (Table 8) 
there were multiple breaches identi�ed in �sh from Country 22. These 
include retained intestines, gills, livers, mud, physical hazards (�sh 
hooks), foreign bodies (twigs, vegetation, crustacea), and�snails.

Country 22 had a score of ‘0’ for Wastewater Treatment, under 
‘30’ for Water and Sanitation, and a high prevalence of mud in 
the gills and abdomen of �sh. It is considered that the microbio-
logical content present in the water and sediment of culture ponds 
where �sh are raised re�ect the microbiological ecology on �sh pre-
harvest, post-harvest and at packaging (Orban et� al., 2008). In a 
study of bacteria along the �sh processing line, 174 isolates and 38 
species of zoonotic bacteria were identi�ed; the genera represented 
by Aeromonas, Acinetobacter, Lactococcus, and Enterococcus and 
isolates Providencia, Shigella, Klebsiella, Enterobacter, Serratia, and 
Wautersiella (Tong Thi et�al., 2013).
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The greater part of global aquaculture production takes place 
in countries with no or few effective regulations for antibiotic use 
(Defoirdt et�al., 2011). In terms of resistant strains of bacteria, it is 
likely that human health threats may arise from products from these 
regions. The potential of mud in �sh from Country 22 to harbour 
zoonotic multi-antibiotic-resistant bacteria is of concern.

Fish hooks found in the edible portion of a small consumer-ready 
Species C (Figure 2A-2C) were covered in mud, had sharp barbs and 
string attached. Although �sh hook consumption in humans most 
often impacts the oesophagus or throat (Agbomhekhe et�al., 2014; 
Cermele, 2014) all hooks in this study were of a suitable size ac-
cording to Akenroye and Osukoya (2012) to pass through the adult 
oesophagus and into the gastrointestinal tract (GIT). Perforation 
of the GIT is a life-threatening condition and any delays in diag-
nosis may result in poor clinical outcomes including death (Webb, 
1995; Coulier, 1997; Choi et�al., 2014). As these �sh were consumer-
ready, small and likely to be cooked by consumers without further 
processing, it is considered that the �sh hooks pose a danger to 
human health.

Conclusion

In conclusion, the scoring system which was developed to justify exam-
ination of �sh imported into Australia for supply chain breaches yielded 
mixed results. Statistical analysis of the breaches identi�ed appear to 
support the predictor variables of ‘Unskilled labour’, ‘ Regulatory weak-
ness’, and ‘Water, sanitation and wastewater treatment’ as the greatest 
in�uencers of seafood supply chain breaches in �sh imported into 
Australia. However, an obvious limitation of the study is that �sh from 
only two countries were examined. Therefore, no concrete conclusions 
can be made in regard to the scoring system as an accurate predictor 
of seafood supply chain breaches until a larger sample size from other 
high-risk countries is examined. When the study and scoring system 
was designed the intention was to include imported seafood from more 
of the ‘high-risk’ countries. However, lack of �sh availability and limi-
tations on laboratory access during 2020 due to COVID-19 restrictions 
hampered this endeavour.

The study showed vast difference in quality control between �sh 
from Countries 20 and 22. Country 20 represents a long-standing 
aquaculture-producing country. Certainly, in the past there were 
concerns raised regarding the safety of �sh produced by Country 
20. However, in the last decade the country has taken a proactive 
approach to �sh safety and inspection (*) and this appears to be re-
�ected in the consistent standard of �sh processing observed in the 
present�study.

Fish from Country 22 were of concern, with many supply chain 
breaches identi�ed which were inconsistent with Australian import-
ation policy. The �ndings of this study support a conclusion that 
more support is required for Country 22 to reach edible �sh safety 
compliance at the farm level, and during processing and inspection 
which should include upskilling workers. In addition, it is concluded 
that greater support and scrutiny of the exportation regulatory pro-
cesses of Country 22 should be considered. Of particular concern 
is Species C, D and F packaged labelled as HACCP and production 
quality-controlled. The HACCP system should control the intro-
duction of any chemical, biological, and physical hazard into the 
food chain (FAO and WHO, 2020). Both Species C and D had high 
breaches.

The Australian HACCP process has determined farmed, whole 
nonconsumer-ready �sh from Country 22 are unsuitable for import-
ation. It is unquestionable that Species B–F are raised as aquacul-
ture species in Country 22 and given the many breaches identi�ed in 
Species B–F and such low scores for ‘Water, sanitation and wastewater 
treatment’ it may be of bene�t to scrutinize this importation arrange-
ment and inspection of these imported products more closely.

The results of this study will be shared with the Australian 
Government so appropriate support strategies can be developed for 
Country 22 to reach �sh safety compliance.
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Chapter 5 
 

 

Investigating fish borne bacterial contamination in selected imported edible 

freshwater fishery products 

 

Aim 3: To identify the bacterial flora present on the skin of edible freshwater fish imported 

into Australia from countries identified as �µFreshwater fish high risk�¶��for supply chain breaches 

and to explore antimicrobial sensitivity patterns of the identified bacteria. 

Preamble: The current Australian testing procedures for imported edible FP is limited to 

Lysteria monocytogenes in high risk fish species and zoonotic bacteria in bivalve molluscs, 

marinara mix and crustacea. The global trade in FP is considered a significant disseminator of 

zoonotic bacteria, including anti-microbial resistant strains, into new countries (Algammal et 

al., 2022; Caputo et al., 2022; Hossain et al., 2014; Khan et al., 2006; Schürmann et al., 2002; 

Sheng & Wang, 2021; Wang et al., 2011). The present study was designed to identify the 

bacteria flora present on the skin or outer surface of imported freshwater FP, explore 

antimicrobial sensitivity patterns of the bacteria isolated and to analyse associations between 

supply chain breach type and the bacteria identified. 

Manuscript: �µ�%�D�F�W�H�U�L�D���Rf zoonotic interest identified on edible freshwater fish imported to 

�$�X�V�W�U�D�O�L�D�¶����Published). 
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Abstract: Previous research has shown that freshwater edible �sh imported into Australia are not

compliant with Australian importation guidelines and as a result may be high risk for bacterial

contamination. In the present study, the outer surface of imported freshwater �sh were swabbed,

cultured, con�rmatory tests performed and antimicrobial patterns investigated. Channidae �sh

(Sp. A/n = 66) were contaminated with zoonotic Salmonellasp./ Staphylococcus aureus(n = 1/66)

and other bacteria implicated in cases of opportunistic human infection, these being Pseudomonassp.

(including P. mendocinaand P. pseudoalcaligenes(n = 34/66)); Micrococcussp. (n = 32/66); Comamonas

testosteroni(n = 27/66) and Rhizobium radiobacter(n = 3/66). Pangasiidae �sh (Species B/n = 47) were

contaminated with zoonotic Vibrio �uvialis (n = 10/47); Salmonellasp. (n = 6/47) and environmental

bacteria Micrococcussp. (n = 3/47). One sample was resistant to all antimicrobials tested and is

considered to be Methicillin Resistant S. aureus. Mud, natural diet, or vegetation identi�ed in Sp. A

�sh/or packaging were signi�cantly associated with the presence of Pseudomonasspp. The study also

showed that visibly clean �sh (Sp. B) may harbour zoonotic bacteria and that certain types of bacteria

are common to �sh groups, preparations, and contaminants. Further investigations are required to

support the development of appropriate food safety recommendations in Australia.

Keywords: zoonotic bacteria; imported �sh; Australia

1. Introduction

The growth of the �sh farming (FF) sector in many countries, the `blue revolution' [ 1],
occurred without regulatory guidance or enforcement of environmental or food safety
standards [2]. High stocking density/�sh stress [ 3–5], lack of appropriate biosecurity barrier
controls [6] and inadequate isolation of seed stock [7–9] have all contributed to the spread
of bacteria in FF. As a consequence, the use of prophylactic and therapeutic antibiotics has
increased to compensate for inadequate sanitary practices [10–15]. Approximately 90% of
global FF takes place in countries that have no or few effective regulations for antibiotic
use [16–20]. Despite the advances in bacterial control in FF, phytobiotics to improve disease
tolerance [21,22], phytocompounds with antimicrobial activity [ 23], vaccines and improved
husbandry practices [24–26], phage therapy and research into antimicrobial peptides [ 27]
and biosynthesized nanoparticles [28,29], antibiotics are still injudiciously applied to control
bacterial disease in some countries [30,31]. Antibiotics used to inactivate or inhibit bacteria
may accumulate in the ponds, sediments and �sh raised in the FF system [ 2]. A 2016
study showed results which supported the hypothesis that selection pressures present in FF
favour rapid alterations in pathogenic bacterial populations. These alterations are likely to
have enduring evolutionary effects on pathogen virulence [ 32]. According to Shi, et al. [ 33],
bacterial pathogens are now the ultimate disease affecting aquatic species. This conclusion
is supported by Cai, et al. [34], Hoai, et al. [35] and Reverter, et al. [36].

Many of the world's largest producers of farmed �sh use the VAC system ( Vuon:
garden, Ao: pond and Chuong: livestock pen), �sh systems for commercially intensive
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production [ 37], pond–dyke [ 38,39] and paddy-�sh farming [ 40], lake/reservoir [ 41] and
polyculture systems [ 42]. Fish may be fed food waste and animal manure [ 37], pelleted feed
or raw feed, soybean and grass often grown in pond sludge [ 42], homemade diets consisting
of food waste, such as chicken bones/viscera, and kitchen remains [43]. According to
Ch¡ vez-Crooker and Obreque-Contreras [44], sediments organically enriched through
intensive FF will produce an ecosystem which is dominated predominantly by bacteria.
In addition, the extractive species, such as bivalves, aquatic plants and algae, which
utilise water nutrients also accumulate antibiotics administered to other species in these
intensive production systems [ 45]. Aquatic pollution discharged from households, farmed
livestock, hospitals and untreated sewerage are also potential sources of contamination of
resistant genes into water and sediment in FF facilities [ 46]. Preena et al. [47] notes that
antibiotic resistance patterns can be transferred between clinically important strains through
horizontal gene transfer, and that the majority of farmed �shes are contaminated with a
broad spectrum of multiply resistant bacteria. In Bangladesh, a pattern of resistance was
observed for Klebsiella pneumoniaeand to a lesser extentE. coliand P. aeruginosaisolated from
urinary tracts of infected women in Sylhet [ 48] and other recently isolated clinical samples
in Jessore [49]. High patterns of resistance were correspondingly shown in K. pneumoniae
and E. coliisolates from farmed Hilsa shad ( Tenualosa ilisha) in the Dhaka and Chittagong
regions [46] against ten antimicrobials [ 46,49]. According to Slettemeås, et al. [50], the
global trade in animal products and food may represent signi�cant dissemination routes
which enable important resistant bacterial types to be introduced into geographic areas
outside usual areas of endemicity.

In recent years many environmental bacteria previously considered of no consequence
to human health have emerged as serious human pathogens. Certainly, `high risk envi-
ronments' for bacterial genetic resistance exchange are sewage, wastewater, discharge
from hospitals, aquaculture and waste from livestock, agriculture and abattoirs [ 51–54], all
of which are present in many of the main producers of freshwater �shery products (FP)
exported to Australia.

A variety of zoonotic bacterial species have been identi�ed in imported vacuum
packed and frozen cat�sh ( Pangasius) �llets [ 55–57]. Vibrio �uvialis and Salmonellaspp.,
which cause intense diarrhoea, have been identi�ed on fresh and frozen �sh offered for
retail sale [58–60] or in water or �sh at FF facilities [61–63].

Zoonotic bacteria contaminating FP are able to infect humans in three ways: contact
with the aquatic animal, FP or water that they inhabit [ 64], via consumption of under cooked
FP [65], or from the toxin produced by the bacteria contaminating the FP [ 66]. Opportunistic
infection of humans with non-zoonotic bacteria has also been reported following contact
with contaminated environmental sources [ 67–73]. Zoonotic bacteria may not only cause
illness if consumed, but according to Economou and Gousia [ 74], due to the over/misuse
of antimicrobials in food production a reservoir of antimicrobial resistant bacteria can be
transmitted to humans via contact, both direct or indirect. Bortolaia, et al. [ 75] hypothesises
that humans may acquire antimicrobial resistant bacteria after consumption or handling of
contaminated food. Therefore, in order to protect consumers and vulnerable members of
the community, it is expected that testing procedures for detection of zoonotic bacteria in
imported farmed �sh should be robust.

As per the `Imported Food Control Regulations 2019' [ 76] and the `Imported Food Control
Act 1992' [ 77], the relevant Australian minister may classify a certain imported edible
product as `risk' food and this is based on the product in question being a high or medium
risk to public health. In Australia at the present time (2022), the only additional test applied
to `risk' imported �sh, cooked, smoked, smoke �avoured or vacuum packed [ 78], is for the
zoonotic bacterium Listeria monocytogenes(Figure 1) as per Schedule 27 `Microbiological
limits in food' in the Australia and New Zealand Food Standards Code [79].
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Figure 1. The current tests applied to high risk imported �sh on entry to Australia. Listeria monocy-
togenesat present is the only additional test for bacteria applied to imported �sh on entry to Australia.
Original �gure based on information in the Imported Food Control Order, 2020.

Any additional tests applied to imported seafood must be justi�ed according to the
global trade agreements signed by Australia [ 80]. Williams et al. [ 81] developed a risk
scoring system to identify countries as high risk for supply chain breaches which may
impact the safety of edible �n�sh imported into Australia and to justify and prioritise ex-
amination of these products for supply chain breaches, such as zoonotic parasites/bacteria
and physical and other biological hazards. Six predictor variables were scored to achieve
an outcome variable of `Freshwater �sh high risk'. Each country was allocated a unique
numerical and anonymous identi�er. Imported freshwater �sh were examined from two of
the highest scoring countries for supply chain breaches identi�ed as Country 20 and 22
in Williams et al. [ 81] and in the present study. The Williams et al. [ 81] study identi�ed a
number of supply chain breaches, such as mud, vegetation, natural diet, snails and other
physical hazards from poorly processed `consumer ready' �sh and in the same study the
outer surface of each �sh was swabbed for bacterial culture in the present study.

The aims of the current study were to identify and compare selected bacterial �ora of
imported edible freshwater �n�sh, Sp. A/Country 22 and Sp. B/Country 20, and describe
the antimicrobial resistance pattern for identi�ed bacteria. In addition, associations between
the presence of bacteria and contaminants, such as mud, vegetation, and natural diet, were
also explored.

The purpose of this study was to identify bacteria on edible �sh imported into Aus-
tralia, not to disadvantage an exporting country. Therefore, information that may lead
to the identi�cation of an included country, such as �sh species names, has been omitted
from the manuscript and auxiliary tables. Any published literature cited in text omitted to
maintain country con�dentiality is indicated with (*).

2. Materials and Methods
2.1. Sampling

A total of 60 entire imported Sp. A fish, 41 fillets of imported Sp. B fish and thawed
ice samples `bag water' from each of the 12 separate bags of fish were swabbed for bacterial
culture using a sterile culture swab as per Saito et al. [82]. `Bag water' and Sp. A and Sp. B
results were combined to reflect 66 and 47 samples, respectively (Sp. A: 6 individual bags of
fish (n = 60 fish) + 6 `bag water' samples = 66 samples in total, and Sp. B (6 individual bags
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of fish (n = 41 fish) + 6 `bag water' samples = 47 samples in total)). Both Sp. A and B were
pre-packaged, frozen, obtained from a retail outlet and maintained frozen until thawed for
sampling. Sample size was based on availability at the time fish were purchased. Species
A had been frozen in a single layer (original packaging), in two separate rows, and were
embedded in a solid block of ice in each of the 6 bags. Species B fish were frozen individually
in each bag and each fillet was glazed with a thin covering of ice. A detailed description of the
type and condition of fish packaging is included in Table 1. All fish were thawed, according
to packet instructions, in a refrigerated unit (~24 hours (hrs)) in original unopened bags. The
bag was split using sterile scissors without touching the fish or bag water. The skins of each
fish, which were entire, were swabbed by gently scraping twice along the external surface of
the lateral flank using the same sterile swab. For each fish fillet the swab was gently scraped
twice along the outer lateral surface. The `bag water' was sampled by dipping one sterile
culture swab into the fluid once without touching the bag. Following sampling, the contents
of each bag were examined and irregularities, such as the presence of mud, vegetation, food
items and other debris, recorded for future statistical analysis.

Table 1. Processing observations of �sh and packaging in this study and corresponding sample
numbers.

Species A (Country 22) Packaging Observations Sample ID
Species B (Country 20)

Packaging Observations
Sample ID

BAG 1 Gills and lower jaw removed in all �sh.
Intestine still in most. Natural diet with cricket
legs. Mud in intestine/gills. Total of 500 g

S334-Bag water
S335-S345

BAG 1 Clean and individual
�llets well glazed. Total of 1 kg

S878-Bag water
S879-S885

BAG 2 Natural diet in all. Intestine in most. No
brains in any. Bag water clear. Quite well cleaned.
Total of 500 g

S431-S441
S446-Bag water

BAG 2 Clean and individual
�llets well glazed. Total of 1 kg

S894-Bag water
S895-S900

BAG 3 Moderately clean. No brains in any. Total
of 500 g

S464-S474
S476- Bag water

BAG 3 Clean and individual
�llets well glazed. Total of 1 kg

S908-Bag water
S909-S915

BAG 4 Fish all very dirty. Gills full of mud and
debris. Intestine/gills all in. Remnants of brains.
Debris in bag water, bits of crustacean shells and
vegetation. Natural diet. Total of 500 g

S649-Bag water
S650-S660

BAG 4 Clean and individual
�llets well glazed. Total of 1 kg

S1007-Bag
water
S1008-S1015

BAG 5 Natural diet. Vegetation. Filthy intestine
and gills in all. Mud in gills and full of debris. Bits
of brain left in. Total of 500 g

S681-Bag water
S686-S691

BAG 5 Clean and individual
�llets well glazed. Total of 1 kg

S1023-Bag-
water
S1046-S1052

BAG 6 Very well cleaned and gutted. Most of
brains gone. No natural diet. Total of 500 g

S699-Bag water
S700-S709

BAG 6 Clean and individual
�llets well glazed. Total of 1 kg

S1031-Bag
water
S1032-S1038

2.2. Bacterial Species Selection

Due to serious time constraints, it was not possible to culture broadly for all bac-
teria contaminating the outer surface of Sp. A and Sp. B. Speci�c bacteria targeted in
this investigation were chosen based on the country of origin of the FP, the supply chain
breaches, such as mud identi�ed in Williams, et al. [ 81], water and sanitation information
in Wendling, et al. [ 83], and published literature which describes each bacterium having
been identi�ed in FF, sediment/mud, water or FP in Countries 20 and 22 (*). Due to the
identi�cation of mud and other debris contaminating FP from Country 22 [ 81] and the
low scores in Wendling, et al. [ 83] for water and sanitation in both countries, E. coliand
Pseudomonassp. were chosen as total faecal and water indicators as described in Odonkor
and Ampofo [ 84], Rodrigues, et al. [85] and Odjadjare and Ebowemen [ 86]. Salmonella
sp./ Staphylococcus aureuswere selected as an indicator of faecal/bacterial contamination
during processing [ 87]. Clostridium sp. were selected as an indicator of excreta contam-
ination from human sewerage/non-herbivorous wildlife as demonstrated in Vierheilig
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et al. [88] or as an indigenous bacterium of �sh, from cross contamination during process-
ing [ 87]. All targeted bacterial species in this study have been identi�ed in either FF or FP
in Countries 20 and 22 (*).

2.3. Diluent Preparation, Isolation, Enumeration and Identi�cation

ThermoFisher selective media plates were used for the isolation of target bacteria.
Brilliance E. coli/coliform (EC) agar (product code (PC): PP2609) was used to isolate
E. coli, Baird Parker agar ((BP) PC: PP2069) was used to isolateS. aureus, TSC No Egg
Yolk ((TSC) PC: PP2595) forClostridium spp., Brilliance SalmonellaChromogenic media
((SAL) PC: PP2351) forSalmonellaspp. and for Pseudomonasspp. CFC Pseudomonasselective
agar was used ((CFC) PC: PP2161). Peptone water (PC: TM0057) (1.5 mL) was used as
a diluent according to manufacturer instructions to inoculate TSC, BP, CFC plates. For
SAL plates, the �sh swab was added to 1.5 mL of buffered peptone (TM1558) in sterile
Eppendorf ® tubes and incubated at 40 � C for 24–30 hrs according to product guidelines
before inoculating each plate. All selective media plates were inoculated using a sterile
10 � L COPAN inoculating loop (PC: COP-H10) and then incubated at 35 � C for 48 hrs.

Bacterial colonies on plates were counted according to the quadrant method [ 89]. Bacterial
colonies were marked with a highlighter on the culture plate as each colony was counted.
As the antibiotics in selective agar can interfere with antimicrobial sensitivity and other
confirmatory tests, bacterial isolates obtained from selective media plates (BP; TSC; SAL; CFC)
and identified based on Gram stain were diluted in one mL of sterile saline and regrown
on two separate Mueller Hinton agar plates ((MH) PCPP2096). One plate was used for
antimicrobial disk diffusion susceptibility testing and the other for specific confirmatory tests.
All sampling was conducted using a sterile 10 � L COPAN inoculating loop.

2.3.1. Antimicrobial Resistance

Bacterial isolates were prepared according to the Kirby–Bauer Disk Diffusion Suscep-
tibility Test Protocols [ 90]. Sterile saline was used for the bacterial suspension (variable
dilutions) to achieve a 0.5 McFarland turbidity standard against a Wickerham card. The
speci�c antimicrobial diffusion disks used were selected from the WHO [ 91] as critically
important antimicrobials for human medicine. Four of the antimicrobials selected for evalu-
ation were from categories C1 (`sole, or one of limited available therapies, to treat serious bacterial
infections in people') and C2 (`used to treat infections caused by bacteria possibly transmitted
from non-human sources, or with resistance genes from non-human sources') and one was in
the C2 category only. All antimicrobials selected are used in FF or have been identi�ed
contaminating farmed freshwater �sh in published literature [ 91–100]. Antimicrobial disks
used in this study were obtained from ThermoFisher. Availability of some antimicrobial
disks during COVID restricted a broader range of resistance testing. The following an-
timicrobial disks were used: (critically*/highly important#), Cefovecin* (3rd generation
Cephalosporin) (30 � g PC: CT1929B), Cefoxitin# (2nd generation Cephalosporin) (30� g PC:
CT0119B), Cipro�oxacin* (Quinolone) (5 � g PC: CT0425B), Fosfomycin* (Phosphonic acid
derivative) (50 � g PC: CT01838) and Vancomycin* (Glycopeptide) (30� g PC: CT0058B) as
per Okoh and Igbinosa [ 101], Tall, et al. [102], Kaysner, et al. [103] and Lesmana, et al. [104].
Only Vibrio �uvialis was tested for sensitivity to Colistin* (Polymyxin) (10 � g PC: CT0017B)
and Cephalothin (1st generation Cephalosporin) (30 � g PC: CT0010B) which is not included
in WHO [ 91] lists. Antimicrobial disks were manually placed on MH agar using sterile
tissue forceps. Antimicrobial sensitivity evaluation was conducted 24 hrs following MH
plate inoculation. Isolates from BP plates were cultured for a further 24 hrs as advised in
the Clinical and Laboratory Standards Institute [ 105] (CLSI). Breakpoint zone measure-
ments where possible were obtained from CLSI [ 105] and where a suitable category did not
exist from Hudzicki [ 90], Reynolds [106] and Behera, et al. [107]. Breakpoint zones were
described as either sensitive, intermediate, or resistant.
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2.3.2. Isolate Identi�cation

Bacterial isolates from the second MH culture plate were Gram stained according
to Beveridge [108] and were examined at 100X magni�cation with emersion oil using
an Upright Motorized Microscope ECLIPSE Ni-E, Nikon, Japan, �tted with a computer
screen and camera to observe bacteria morphology. All reagents were obtained from Ther-
moFisher. Micrococcussp. and Staphylococcus aureuswere differentiated using Coagulase
(slide and tube) (PC: R21051), Oxidase (PC: MB0266B) and Catalase testing.Salmonellasp.
was con�rmed using the SalmonellaLatex Test (DR1108A). Isolates from CFCPseudomonas
plates (15 tested) and Gram-negative oxidase positive isolates from TSC plates with the
same growth morphology (12 tests), all pale-yellow small round/globular colonies (3 tests)
and purple colonies from SAL plates were tested according to Rapid ID TM NF Plus System
(PC: R8311005). For Rapid ID™ testing 1 mL of Inoculation Fluid (PC: R8325102) was
added to each bacterial isolate to achieve a visual turbidity of � 1.0 and <3.0 according to
McFarland standard. The bacterial solution was added to each Rapid ID ™ rack and incu-
bated for 4 hrs before scoring the ten wells as positive or negative according to the Rapid
IDTM NF Plus colour guide. Reagents Rapid NF Plus reagent (PC: R8311005), RapID™
Spot Indole Reagent (PC: R8309002) and RapID Nitrate A. Reagent (PC: R8309003) were
then added to appropriate test wells according to product information. Wells 4–10 were
rescored against the same colour guide. Results were entered into the Rapid NF Plus Code
Compendium (ERIC TM ) for identi�cation and reports for each test downloaded. Following
the 15 biochemical tests to con�rm species identity of representative colonies grown on
CFC Pseudomonasplates, other colonies were presumptively con�rmed as Pseudomonassp.
based on growth on selective CFC media, negative Gram stain, characteristic morphol-
ogy, positive Catalase and Oxidase, negative Coagulase and resistant to antimicrobials
Cefovecin, Cefoxitin and Vancomycin. Comamonas testosteroninot tested using Rapid ID TM

NF Plus System (RNF Plus) were identi�ed based on Gram stain, characteristic morphology,
negative lactose-fermentation (MacConkey without Salt Agar Plates (PC: PP2016)), positive
Catalase and Oxidase.

2.4. Data Analysis

Data were expressed as the actual number of �sh contaminated and the range of
bacterial colonies for each bacterial species or genera identi�ed in Sp. A and Sp. B. The
recovery rate (RR) of bacterial contamination in all �sh was calculated according to Bush,
et al. [109] and calculation of bacterial colonies based on Smith & Brown [110].

Associations between presence or absence of bacteria and a set of explanatory variables
or potential factors were investigated using univariable logistic regression analyses, when
sufficient data were available. Explanatory variables in the present study were based on the
supply chain breaches identified in Williams, et al. [ 81] and included `mud', `natural diet',
and `components of natural diet' which were absent or present in each bag of fish. Analyses
were conducted using statistical software `R' (R Core Team 2020). The explanatory variables
used were fish family, mud, vegetation, and natural diet. Best model fit was assessed using
the Chi-Square Test and odds ratios and confidence intervals were calculated to quantify the
strength of an association between the occurrence of bacteria and predictor. Only relationships
that resolved to significance (p < 0.05) are reported in the results section. In some instances,
insufficient data were available to develop a robust model. Either count data were one-sided
or substantially unbalanced. These data were omitted from statistical analyses.

3. Results

The bacteria (cfu/g = colony forming units per gram) found in imported Sp. A and
Sp. B are included in Table 2. Antimicrobial disks, Colistin (CT) and Cephalothin (KF),
were tested as diagnostically signi�cant for V. �uvialis only (Table 3). No growth of E. coli
or Clostridiumsp. was observed on EC or TSC indicator agars, respectively, and are omitted
from results.
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Table 2. List and number of bacteria found between the two species of imported �sh colonies per
gram (cfu/g). Bag water from Sp. A (n = 6) and Sp. B. (n = 6) has been included in the �sh overall
number. Mean not calculated when only one �sh contaminated *.

Fish Number (n =)
Bacterial Genera or

Species
Number of

Contaminated Fish
CFU Mean Contaminated

Fish cfu/g
Recovery Rate (%)

Sp. A from Country 22 (n = 66)
from six separate bags

Micrococcussp. 32 50.0 48.5

Staphylococcus aureus 1 27.0 * 1.5

Comamonas testosteroni 27 61.7 40.9

Pseudomonassp.
(including P. mendocina
and P. pseudoalcaligenes)

34 104.0 51.5

Salmonellasp. 1 32.0 * 1.5

Rhizobium radiobacter 3 7.6 4.5

Sp. B from Country 20 (n = 47)
from six separate bags

Salmonellasp. 6 41.6 12.7

Micrococcussp. 3 4.6 6.4

Staphylococcus aureus 1 1.0 * 2.1

Vibrio �uvialis 10 13.9 21.3

Table 3. Growth media and tests for identi�cation of bacteria.

Growth
Media

Bacterium
Colony Growth

on Media
Gram Stain

Biochemical
Tests

Other
Con�rmatory

Tests

Diagnostic
Anti-Microbial

Resistance

Species A

CFC

Pseudomonassp.

Rapid growing mucoid,
slightly pigmented, pale
metallic green, round,
convex

Gram negative
rods with
�agellar

Catalase +
Oxidase +
Coagulase �

Cefovecin
Cefoxitin
Vancomycin

Pseudomonas
mendocina

Rapid growing mucoid,
slightly pigmented, pale
metallic green, round,
convex

Gram negative
rods with
�agellar

Con�rmed RNF
Plus n= 6/15

Glucose oxidation

Pseudomonas
pseudoalcaligenes

Rapid growing mucoid,
slightly pigmented, pale
metallic green, round,
convex

Gram negative
rods with
�agellar

Con�rmed RNF
Plus n= 9/15

Glucose
alkalisation

BP

Micrococcussp.
Medium sized, shiny
black, convex

Gram-positive
cocci, paired/and
or groups of four

Coagulase
slide/tube –
Catalase +
Oxidase +

Staphylococcus
aureus

Small, black, dry to
mucoid, slightly raised
but �at, distinct yellow
halo surrounding colonies

Gram-positive
cocci, clus-
tered/bunched

Coagulase
slide/tube +
Catalase +
Oxidase �

TSC
Comamonas
testosteroni

Medium sized, mucoid,
convex, dark cream to
light brown in the centre
of colony

Gram negative,
small rod shaped

Con�rmed RNF
Plus n = 12/12

Glucose
alkalisation
Lactose-
fermentation �
Catalase +
Oxidase +
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Table 3. Cont.

Growth
Media

Bacterium
Colony Growth

on Media
Gram Stain

Biochemical
Tests

Other
Con�rmatory

Tests

Diagnostic
Anti-Microbial

Resistance

MH
Rhizobium
radiobacter

Pale yellowish, slightly
dry, round to slightly
irregular colonies

Gram negative,
rod shaped

Con�rmed RNF
Plus n = 3/3

Lactose-
fermentation +
Catalase +
Oxidase +

Vancomycin

SAL Salmonellasp.
Very small, convex,
slightly mucoid colonies

Gram stain
negative, rod
shaped

Con�rmed
SalmonellaLatex
Test n = 1/1

Catalase +
Oxidase +

Species B

SAL Vibrio �uvialis
Large purple �at dense
mucoid on SAL. MH
characteristic growth

Gram stain
negative, small
rod-shaped some
curved

Con�rmed RNF
Plus n = 10/10

Catalase +
Oxidase +
DNAse activity +
Lysine
decarboxylase �

Colistin
Cephalothin

SAL Salmonellasp.
Very small, convex,
slightly mucoid colonies

Gram stain
negative, rod
shaped

Con�rmed
SalmonellaLatex
Test n = 6/6

Catalase +
Oxidase +

BP

Micrococcussp.
Medium sized, shiny
black, convex

Gram-positive
cocci, paired/and
or groups of four

Coagulase
slide/tube �
Catalase +
Oxidase +

Staphylococcus
aureus

Small, black, dry to
mucoid, slightly raised
but �at, distinct yellow
halo surrounding colonies

Gram-positive
cocci, clus-
tered/bunched

Coagulase
slide/tube +
Catalase +
Oxidase �

3.1. Species A from Country 22

Mud was present in 46.9% of samples from Sp. A and represented by all fish in three of
the six bags of fish examined. Natural diet (snail shells, cricket legs, other small crustaceans,
and insect larvae) was identified in 65.1% of the samples, represented by four bags of Sp. A
fish, and vegetation (green matter, sticks/twigs, and other decomposing vegetable matter)
was identified in 18.1% of fish, all coming from one bag only of the Sp. A examined (Table 1).

Pseudomonassp. was the dominant bacteria isolated from the skin of imported Sp. A
�sh with an overall RR of 51.5%, Micrococcussp. had an RR of 48.5% andS. aureus(S700) an
RR of 1.5% (Table 2).Comamonas testosteroni(syn. Delftia testosteroni) had an RR of 40.9%,
and Rhizobium radiobacterwas isolated from three samples (4.5%) (S468; S655; S690), with
Salmonellasp. being isolated from one sample (1.5%) (S469).

3.1.1.Pseudomonassp.

Only Pseudomonassp. was grown on CFC selective agar. Of the 66 swabs cultured,
34 were positive for Pseudomonassp. with a mean cfu/g of 104.0. Of the 15 isolates
tested using the RNF Plus, 60% (N = 9) were identi�ed as P. pseudoalcaligenesand 40%
(N = 6) as P. mendocina(Table 2). No difference in colony morphology was observed
between Pseudomonas pseudoalcaligenesand P. mendocinaon either CFC or MH agar at
24 hrs. Remaining samples were presumptively identi�ed as Pseudomonassp. based on
tests in Table 3. Of the six P. mendocinaidenti�ed using the RNF Plus there were no test
contraindications and 100% of the samples tested returned a probability score of 92.11%
and bio-score of 1/7 according to the ERIC TM Compendium. Species level identi�cation of
P. mendocinawas con�rmed by glucose oxidation. Of the nine P. pseudoalcaligenesidenti�ed
using the RNF Plus there were no test contraindications for eight of the samples tested and
each returned a probability score of 97.21% and bio-score of 1/3. Sample S689 identi�ed
as P. pseudoalcaligeneshad a probability score of 79.08%, a bio-score of 1/49 and slight
overlap with P. stutzeri.Species level identi�cation in all samples of P. pseudoalcaligeneswas
con�rmed by glucose alkalisation.
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A complete pattern of resistance was demonstrated by Pseudomonassp. for Cefovecin,
Cefoxitin and as expected to Vancomycin (Table 4).

Table 4. Percentage of antimicrobials susceptible (S), intermediate (I) or resistant (R). From
*Sp. A and from #Sp. B. CVN (Cefovecin), FOX (Cefoxitin), CIP (Cipro�oxacin), FOS (Fosfomycin),
VAN (Vancomycin), Colistin (CT) and Cephalothin (KF).

Bacteria CVN FOX CIP FOS VAN CT/KF

% S I R S I R S I R S I R S I R S I R

C. testosteroni 100 - - 100 - - 100 - - 100 - - 100 - - - - -

Micrococcussp. * - - 100 100 - - 100 - - 100 - - - 2.8 97.2 - - -

Micrococcussp. # - - 100 100 - - 100 - - 100 - - - - 100 - - -

Pseudomonassp. - - 100 - - 100 94.2 5.8 - 100 - - - - 100 - - -

P. mendocina - - 100 - - 100 100 - - 100 - - - - 100 - - -

P. pseudoalcaligenes - - 100 - - 100 88.9 11.1 - 100 - - - - 100 - - -

R. radiobacter - - 100 - - 100 100 - - - - 100 - - 100 - - -

Salmonellasp. * - - 100 - - 100 - - 100 - - 100 - - 100 - - -

Salmonellasp. # - 16.6 83.3 - - 100 50 50 - - - 100 - - 100 - - -

S. aureus* - - 100 100 - - 100 - - 100 - - - - 100 - - -

S. aureus# - - 100 - - 100 - - 100 - - 100 - - 100 - - -

Vibrio �uvialis 70 20 10 - - 100 90 10 - 80 10 10 - - 100 - - 100

3.1.2.Micrococcussp. and Staphylococcus aureus

Both Micrococcussp. and S. aureusgrew on BP agar. Micrococcussp. was cultured in
32/66 samples and had a mean of 50.0 cfu/g and one sample only of S. aureuscultured
with 27 cfu/g observed (Table 2). Micrococcussp. and S. aureuswere identi�ed based on
tests in Table 3.

3.1.3.Comamonas testosteroni(syn. Delftia testosteroni)

Colonies on TSC were exclusively C. testosteronicultured from 27/66 swabs and
with a mean of 61.7 cfu/g (Table 2). Of the twelve C. testosteroniidenti�ed using the
RNF Plus there were no test contraindications for 100% of the samples tested. Ten of the
samples returned a probability score of 96.13% and bio-score of 1/9. Samples S439 and
S649 returned a probability score of 95.45% and bio-score of 1/24 and showed a slight
overlap with Burkholderia cepacia.Species level identi�cation of C. testosteroniin all samples
was con�rmed by glucose alkalisation. Comamonas testosteroniwas then presumptively
identi�ed based on negative Gram stain, characteristic morphology, negative lactose-
fermentation, positive to Catalase and Oxidase (Table 3).

3.1.4.Rhizobium radiobacter

Rhizobium radiobacterwas cultured on MH agar from 3/66 swabs and had a mean of
7.6 cfu/g (Table 2). All A. radiobacterwere identi�ed using the RNF Plus and all samples
tested returned a probability score of 99.9% and a bio-score of 1/8 (Table 3). All three
isolates grew as red colonies on MacConkey agar as described in Chanza, et al. [111] from
an isolate in a human pulmonary abscess case, Spain, identi�ed using mass spectrometry
MALDI-TOF ®, Beckman Coulter® biochemical pro�le and molecular method.

3.1.5.Salmonellasp.

Salmonellasp. on SAL agar was cultured from one sample only and 32 cfu/g was
observed (Table 2). Sample (S469) was tested using theSalmonellaLatex Test and returned a
positive result (Table 3).
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3.2. Species B Fish from Country 20

Vibrio �uvialis was the dominant bacteria isolated from the outer surface of imported
Sp. B �llets with an RR of 21.3%, followed by Micrococcussp. with an RR of 6.0% and
Salmonellasp. with an RR of 1.5%. One sample (S1013) was positive forS. aureus. Vibrio
�uvialis was identi�ed from four of the six bags tested, with bags one and four each having
four positive samples. Within the ten positive samples of V. �uvialis , three were identi�ed
in the `bag water' (S878; S908; S1007).Micrococcussp. and Salmonellasp. were all recovered
from the outer surface of the �llets from two and three bags, respectively (Table 2). Bag
three had the most diverse bacterial �ora with V. �uvialis (S908; S912),Micrococcussp. (S911)
and Salmonellasp. (S910; S912) identi�ed. Two samples (S912; S1036) were positive for both
Salmonellasp. and V. �uvialis . All of the 47-�sh examined from six separate bags were clean
with no visible mud, food items or vegetation (Table 1).

3.2.1.Vibrio �uvialis

Vibrio �uvialis grew on SAL from 10/47 swabs cultured and a mean of 13.9 cfu/g
(Table 2). All samples were identi�ed using RNF Plus. Samples S878 and S879 had a small
percentage overlap and S916 one contraindication all for Plesiomonas shigelloidesin the RNF
Plus system. DNAse activity and negative Lysine decarboxylase (PC: CM0308S) con�rmed
samples asV. �uvialis (Table 3).

3.2.2.Salmonellasp.

Salmonellasp. was cultured on SAL from 6/47 swabs and had a mean of 41.6 cfu/g
(Table 2) and was con�rmed as Salmonellasp. using the SalmonellaLatex Test in 100% of the
samples tested.Salmonellasp. from Species B showed variable antimicrobial patterns of
resistance (Table 3).

3.2.3.Micrococcussp. and S. aureus

Micrococcussp. was cultured from 3/47 swabs with a mean of 4.6 cfu/g and S. aureus
was cultured from one swab and 1.0 cfu/g only was observed (Table 2). Micrococcussp.
and S. aureusidenti�cation followed steps described in Table 3. The detailed antimicrobial
patterns of resistance are included in Table 4. It is noted that Staphylococcus aureuswas
resistant to all antimicrobials tested.

3.3.Associations between Identified Biosecurity Breeches (Mud, Food Items or Vegetation) and Bacteria

Insuf�cient data were available for several predictor variables to con�dently report
associations with presence or absence of bacteria species, due to zero counts for at least
one of the predictor levels. For example, Staphylococcus aureus, V. �uvialis and Salmonella
species were only present in specimens where mud was absent. Similarly, these bacteria
species were only present at low levels in specimens where components of a natural diet or
vegetation were absent. Rhizobium(syn. Agrobacterium) radiobacterand Pseudomonasspp.
were observed in Sp. A, but not in Sp. B. In contrast, V. �uvialis was reported in Sp. B but
not Sp. A (Table 5).

Where adequate data were available, univariable logistic regression identi�ed sig-
ni�cant associations between predictor variables and bacteria occurrence (Table 6). The
identi�cation of mud in specimens was signi�cantly associated with the presence or ab-
sence ofPseudomonasspp. Where mud was recovered from specimens, the recovery of
Pseudomonasspp. was 7.58 (CI 2.95, 20.72) more likely (p < 0.001). The presence of envi-
ronmental contaminants was also associated with an increased likelihood of Pseudomonas
spp. contamination. Both the presence of natural diet components (OR 8.46; CI 3.37, 22.93),
and the presence of vegetation (OR 13.10; CI 3.10, 90.26) were signi�cantly associated with
recovery of Pseudomonasspp. (p < 0.001).
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Table 5. Occurrence of bacteria species by predictor variables. Bracketed numbers in `Occurrence'
column show the total count of �sh from Sp. A (n = 60) and Sp. B. (n = 41). Bag water not
included in statistical evaluation. Predictor variables based on supply chain breaches identi�ed in
Williams et al. (2021).

Species Predictor Variable Term Occurrence

S. aureus Mud Mud absent 2.74% (73)
Mud present 0% (28)

Nat Diet Components of natural diet present 3.23% (62)
Components of natural diet absent 0% (39)

Veg Vegetation recovered 2.22% (90)
Vegetation absent 0% (11)

Salmonellasp. Mud Mud absent 9.59% (73)
Mud present 0% (28)

Nat Diet Components of natural diet present 11.29% (62)
Components of natural diet absent 0% (39)

Veg Vegetation recovered 7.78% (90)
Vegetation absent 0% (11)

V. �uvialis Mud Mud absent 9.59% (73)
Mud present 0% (28)

Nat Diet Components of natural diet present 9.59% (73)
Components of natural diet absent 0% (28)

Veg Vegetation recovered 11.29% (62)
Vegetation absent 0% (39)

Fish Pangasiidae 7.78% (90)
Channidae 0% (11)

R. radiobacter Fish Pangasiidae 0% (41)
Channidae 5.08% (59)

Pseudomonasspp. Fish Pangasiidae 0% (41)
Channidae 53.33% (60)

Table 6. Associations between predictor variables and bacteria. Odds ratios calculated using
the �rst level as a reference. Bracketed numbers in `Occurrence' column show the total count.
Sp. A (n = 60) and Sp. B. (n = 41). Bag water not included in statistical evaluation. Predictor variables
based on supply chain breaches identi�ed in Williams et al. (2021).

Bacteria Species Predictor Levels Occurrence (N) Odds Ratio (95% CI) p Value

Pseudomonasspp. Mud Mud absent 19.18% (73) <0.001
Mud present 64.29% (28) 7.586 (2.954, 20.726)

NatDiet Nat diet (0) 14.52% (62) <0.001
Nat diet (1) 58.97% (39) 8.465 (3.374, 22.939)

Veg Veg (0) 25.56% (90) <0.001
Veg (1) 81.82% (11) 13.109 (3.104, 90.265)

Salmonellasp. Fish Sp. B 14.63% (41) 0.010
Sp. A 1.67% (60) 0.099 (0.005, 0.611)

Micrococcussp. Fish Sp. B 7.32% (41) <0.001
Sp. A 48.33% (60) 11.849 (3.758, 52.803)

Fish species was signi�cantly associated with some bacteria species.Pseudomonasspp.,
R. radiobacterand C. testosteroniwere only identi�ed in Sp. A and V. �uvialis in Sp. B. One
sample of S. aureuswas identi�ed in each of the Sp. A and Sp. B samples. The occurrence of
Micrococcussp. was more likely (OR 11.84; CI 3.75, 52.80;p < 0.05) in Sp. A and Salmonella
sp. less likely (OR, 0.09; CI 0.005, 0.61;p < 0.001) in Sp. A than in Sp. B.

4. Discussion

The present study aimed to identify if selected bacteria are present on the skin or outer
surface of two edible �sh products from Countries 20 and 22, and to explore associations
between bacteria isolated and a set of explanatory variables which were based on the supply
chain breaches identi�ed in Williams, et al. [ 81]. Zoonotic bacteria, S. aureusand Salmonella
sp.,C. testosteroniwith zoonotic potential and R. radiobacter, Micrococcussp.,P. mendocinaand
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P. pseudoalcaligenesimplicated in opportunistic cases of human infection were cultured from
the skin/outer surface and the `bag water' of edible imported Sp. A (Country 22). Zoonotic
speciesVibrio �uvialis , Salmonellasp. and S. aureusand the opportunistic Micrococcussp.
were identi�ed from Sp. B �sh (Country 20). Univariable logistic regression analysis
demonstrated that Pseudomonasspp. were signi�cantly associated with the presence of
mud, natural diet components and presence of vegetation. This infers that these types of
breaches to importation regulations have potential to introduce zoonotic/opportunistic
bacteria into the Australian food chain. Species A (Country 22) had the greatest diversity of
bacteria. Antimicrobial sensitivity testing demonstrated that for some samples of Salmonella
sp. and S. aureus, resistance was demonstrated to all antimicrobials tested. This study
showed that the outermost surface of imported frozen edible freshwater �sh has potential to
contaminate hands, work surfaces, kitchen sponges and other kitchen utensils with bacteria
which are not only a human health concern but are capable of forming a persistent bio�lm.
All species or genera of bacteria identi�ed from Sp. A and Sp. B have been implicated
in cases of community and/or nosocomial infection, including a greater vulnerability to
infection demonstrated in the immune compromised. In this study only a small area of
�sh skin was swabbed and therefore it is considered that there is signi�cant contamination
of the skin of Sp. A with Pseudomonasspecies (P. mendocinaand P. pseudoalcaligenes),
C. testosteroniand Micrococcussp. and with V. �uvialis and Salmonellain Sp. B.

According to Australian importation policy, for Sp. A and Sp. B, all consignments
must be clean and be free of `live insects, seeds, soil, mud, clay, animal material (such as
faeces), plant material (such as straw, twigs, leaves, roots, bark) and other debris prior to
arrival into Australian territory' [ 112]. There was a signi�cant association between mud,
natural diet and vegetation and the presence of Pseudomonasspp. in specimens of Sp. A.
As an environmental bacterium, the presence of Pseudomonasspp. in mud seems likely,
however the ability to form a bio�lm on environmental debris [ 113,114] may explain the
association with natural diet, vegetation and other debris observed in bags of contaminated
�sh. Whilst this association was identi�ed for Pseudomonasspp., other environmental
bacterium which are associated with mud and can adopt a bio�lm existence, such as C.
testosteroniand R. radiobacter, as identi�ed in this study are also a contamination concern
on the aforementioned debris.

The natural diet identi�ed in Sp. A in the present study consisted of Lymnaeid and
Planorbid snails both of which prefer lentic environments with stagnant water [ 115]. Species
A were imported into Australia from a country (Country 22) which, according to Wendling,
et al. [83], has a country score of 0/100 for `Wastewater Treatment' and less than `30/1000for
`Water and Sanitation' (lower scores representing least favourable). Pseudomonasspp. are
associated with polluted and eutrophic freshwater [ 116,117]. It seems mud and this species
of bacteria are synonymous in �sh from countries with poor environmental controls in FF
and the Pseudomonas: mud relationship closely associated with �sh habitat and feeding
presences. Consequently, failure to comply with Australian importation guidelines has
potential to introduce Pseudomonasspp. into the Australian food chain.

As Sp. A and Sp. B are not `risk' foods they are subject to a reduced rate of inspection
on entry into Australia. Five percent of samples may be randomly selected for label/visual
inspection or sent for analysis to determine if the product is compliant with Australian
food safety standards. However, if the exporting country has a compliance agreement
with Australia, Sp. A and Sp. B may not be inspected on entry providing the product is
accompanied by a declaration of safety compliance `under the supervision of the competent
authority and/or systems approved by the competent authority' [ 76,77,112,118,119]. Whilst
microbiological limits are set for some `risk' seafood (shell�sh, prawns, crabs) imported
into Australia in the FSANZ [ 120], other than L. monocytogenes[78], the zoonotic bacteria
identi�ed in the present study may not be isolated from Sp. A or Sp. B if tested on
entry into Australia. According to the international health standards established by Codex
Alimentarius [ 121] the `Code of Practice for Fish and Fishery Products' (CXC 52-2003) states
t̀o remove foreign debris and reduce bacterial load prior to gutting' (whole �sh) and glazing dips
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should be replaced periodically ` to minimize the bacterial load.' In section 22.1.2 of the `code
of practice', `Reception of frozen products at retail' ` evidence of �lth or contamination' at the
retail level is an `unlikely' hazard [ 122], although high levels of �lth and contamination were
identi�ed in Sp. A in the current study.

Of the zoonotic bacteria identi�ed in the present study, Salmonellaspecies andS. au-
reusare the only bacteria included as a potential hazard for the �sh examined in CXC
52-2003 [123]. Vibrio spp. is mentioned, which ` can be controlled by thorough cooking and pre-
venting cross-contamination of cooked products' and `indigenous pathogenic bacteria, when present
on fresh �sh, are usually found in fairly low numbers, and food safety hazards are insigni�cant where
products are adequately cooked prior to consumption'. The Codex code of practice for �shery
products fails to recognise pathogenic bacteria on the surface of uncooked thawed imported
�sh as a potential human health hazard. Contamination of hands, cutting surfaces and
kitchen utensils prior to cooking is a signi�cant threat and one which has been described in
published literature [ 124–128]. Far from indigenous bacteria occurring in low numbers in
the present study, bacteria C. testosteroni, Pseudomonasspp., V. �uvialis and Micrococcussp.
had a high RR. Salmonellasp. had a medium RR which may indicate that water used for
glazing �sh �llets during processing is not compliant with CXC 52-2003 standards [123].

Species of �sh was also signi�cantly associated with certain species of bacteria. Whilst
Sp. A had many breaches according to Australian edible �sh importation requirements,
Sp. B appeared clean and well glazed, indicating separate bacterial hazards exist for
both groups of �sh from different regions and some of these hazards are not observable.
Therefore, targeting high risk �sh for bacterial contamination on entry into Australia
seems achievable. In addition, in compliance with ` The General Agreement on Sanitary and
Phytosanitary Measures' [ 121], developed nations are encouraged to help developing nations
to reach food safety compliance. Inexperienced or untrained labour may be responsible for
the variable processing standard of Sp. A, and this may be an area where Australia could
offer assistance.

Micrococcussp. was isolated from both Sp. A and Sp. B. Micrococcusspp. are common
across aquatic and terrestrial ecosystems, the skin of humans, other endothermic ani-
mals [129] and frequently contaminate food. Micrococcusspp. have been identi�ed at farm
level in cultured Nile tilapia ( Oreochromis niloticus) [130,131], striped cat�sh ( Pangasius hy-
pophthalmus) [56], isolated during �lleting and trimming of cultured striped cat�sh [ 56] and
cassava �sh (Pseudotolithussp.) [132]. Micrococcusspp. contamination has been described
in preserved [133] and fermented �sh at the retail level in developing countries [ 134,135].
Pathogenicity of Micrococcusspp. has been multiply described in cases of opportunisti-
cally acquired community human infection [ 69,136–142], demonstrating the potential for
contaminated imported FP to be a health risk to consumers.

In the present study, Micrococcusspp. was resistant to Cefovecin and Vancomycin.
Traditionally, Micrococcusspp. are sensitive to a broad range of antimicrobials [ 138,143,144];
however, as in this study, resistance to Vancomycin has been described in some clinical
cases of human infection [140,145]. The occurrence ofMicrococcusin edible �sh imported
to Australia deserves greater attention.

Comamonas testosteroniwas identi�ed in Sp. A only. This bacterium is common
in the environment [ 146,147] but has a demonstrated prevalence in anthropogenically
impacted environments [ 148], including polluted lakes/regions, agricultural land, urban
sewerage [149] and farm polluted aquifers [ 116]. Comamonas testosteronihas been identi�ed
in cultured common carp ( Cyprinus carpio& Carassius auratus) [150], Nile tilapia and African
sharp-tooth cat�sh ( Clarias gariepinus) [151]. Community transmission has occurred via
minor abrasions from �sh and contaminated food [ 147,152,153]. Smith and Gradon [ 152]
reported a case of human infection from C. testosteronispeculated to have been transferred
from diseased tropical �sh and the zoonotic potential of this species requires clari�cation.
Due to an ability to utilise nitrate as a substrate, this aerobic species can exist in anaerobic
conditions and adopt a bio�lm existence [ 154]. This species has been multiply reported
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in opportunistic community acquired invasive infections [ 68,147,153] and imported FP
contaminated with this bacterium may be a consumer risk.

In the present study C. testosteroniwas sensitive to all antimicrobials, which is sup-
ported by sensitivity patterns in clinical cases of human infection [ 155–157]. However, resis-
tance to some commonly used antimicrobials has recently been observed [146,147,156,158]
in human clinical cases and the high RR of contamination on the outer surface of imported
edible Sp. A may require further attention.

Both P. mendocinaand P. pseudoalcaligeneswere identi�ed from Sp. A. Pseudomonas
spp. are environmental bacteria which demonstrate an extremely high degree of genetic
and physiological adaptability [ 159]. Member species increase yearly [160]. Pseudomonas
sp. have been isolated from cultured tilapia ( Oreonchromisspp.) and pond water [ 161] and
P. pseudoalcaligenesfrom water at a freshwater prawn hatchery [ 162]. Pseudomonas mendocina
is able to form a bio�lm on environmental microplastics [ 113,114], is associated with pol-
luted/eutrophic freshwater [ 116,117], and demonstrates increased antimicrobial resistance
in manure treated soils [ 163]. Cultured freshwater �sh are frequently described contami-
nated with Pseudomonasspp. at the farm level [ 130,131,161,164,165], during processing [ 56]
and in retail fresh/frozen cultured freshwater �sh [ 55,166,167]. Pseudomonas mendocinahas
been isolated from processed �sh products [ 168,169]. Pseudomonas pseudoalcaligeneshas
been isolated from cultured common carp for retail sale [ 170] and was the causative agent
of mass death in cultured Nile tilapia [171].

No published literature has identi�ed Pseudomonasgenus as zoonotic. However, the
many cases of community acquired opportunistic infection of humans following contact
with environmental sources [ 70,172–174] demonstrates the potential of contaminated im-
ported FP to be a health risk to consumers. The case of human infection from a pet bird in
which P. mendocinawas cultured from the bird's throat and drinking water also supports
the further investigation of this species as a zoonosis [175].

In the present study Pseudomonassp. demonstrated an expected pattern of antimicro-
bial sensitivity according to the CLSI [ 105]. Resistance to a broad range of antimicrobials
has also been reported [176] in hospital and other settings [ 177]. Pseudomonasspp. are able
to exchange genes (conjugation/horizontal gene transfer) which may favour increased
virulence and spread between species [178].

Rhizobium radiobacter, identi�ed in three samples of Sp. A, is a pathogen that can
cause disease in both humans and plants. This species is widely distributed in soil as well
as hospital environments [ 111], although reports of R. radiobactercontaminating �sh are
absent from literature. In the present study one sample came from a bag where vegetation,
mud and natural diet were observed and another where mud and natural diet were both
present. The preferred habitat of Sp. A is stagnant waters in muddy streams [ 179] which
may explain the presence of this bacterium. Rhizobium radiobacterin the present study
grew during incubation and produced small, bright orange, non-haemolytic colonies on
MacConkey agar and it is possible this may have been the clone described in cases of
human infection. Chanza, et al. [111], in a report of a pulmonary abscess in a Spanish
64-year-old male, notes growth on MacConkey agar as `bright orange, non-haemolytic
colonies.' The ability to grow at high temperature is an emergent trait in this bacterium.
According to H ² l±ne, et al. [180], a primary condition for colonization and pathogenicity
is living in close proximity to the bacteria. It was suggested by Coenye, et al. [ 181] that
R. radiobacterhas potential for person to person transmission, therefore investigation into
the spread between consumers via contaminated �sh seems warranted. As a bio�lm
inhabitant, this bacterium contaminating FP may lead to colonisation of kitchen items used
during preparation/clean up.

Human infection with R. radiobacteris described as rare in published literature, how-
ever Table 7 shows 23 cases. In many cases of human infection, contact with vegeta-
tion [ 72,182] and soil [ 72,73,183] is described. Rhizobium radiobacteris associated with
invasive infections, particularly in the immunode�cient and children [ 111,184–188] and
this bacterium present on FP may be an unacceptable risk.
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Table 7. Cases of human infection associated with zoonotic bacteria identi�ed in this manuscript . N/S indicates not stated in cited publication.

Bacteria Identi�ed Source of Infection Patient Details Clinical Notes Region Infection
Was Identi�ed

Comamonas testosteroni

Central venous catheter 54-year-old female Bacteraemia Washington, USA [155]

Intrauterine device 29-year-old female Peritonitis Turkey [189]

Unknown 50-year-old male Purulent meningitis Turkey [190]

Contamination of the distilled water used to decontaminate
aspiration catheter possibility 10-year-old male Pneumonia leading to death Turkey [158]

Community acquired possibly from small
skin wounds 49-year-old male Endocarditis USA [68]

Unknown but possible hospital acquired 19-year-old female and 10-year-old male Bacteraemia Iran [156]

Community acquired in situ colostomy 65-year-old female Gastroenteritis India [146]

In dwelling central venous catheter 75-year-old female Bacteraemia France [191]

Indwelling catheter 64-year-old female Bacteraemia leading to death Israel [192]

Community acquired possibly right shoulder rotator cuff tendinitis. 80-year-old female Bacteraemia USA [193]

Incidental dislocation of an intrauterine device 4-year-old female Peritonitis Italy [194]

Community acquired 1-year old female Sepsis following gastroenteritis Oman [195]

Community acquired from handling diseased tropical �sh 89-year-old male Bacteraemia Unknown [152]

Community acquired 14-year-old male and
one child Appendicitis Turkey [196]

Contaminated food and water speculated 46-year-old female Bacteraemia India [147]

Community acquired from leg injury from a �sh �n 54-year-old male Leg cellulitis and bacteraemia Taiwan [153]

Community acquired 73-year-old male Intra-abdominal infection Taiwan [153]

Hospital acquired 68-year-old male Bacteraemia leading to death Turkey [197]

Micrococcusspecies

Community transmission 26-year-old female Micrococcal pneumonia leading to death Netherlands [136]

Community transmission via Broviac catheter 13-year-old female Death N/S [137]

Community acquired through eye injury 30-year-old Micrococcusendophthalmitis USA [69]

Community transmission 1-year old male Micrococcal meningitis with
neurological sequalae India [138]

Community acquired from peritoneal dialysis catheters 6 patients N/S United Kingdom [139]
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Table 7. Cont.

Bacteria Identi�ed Source of Infection Patient Details Clinical Notes Region Infection
Was Identi�ed

Unknown but possible introduced during previous surgery 74-year-old female Aortic valve endocarditis,
recurring septicaemia Greece [140]

Unknown 2 patients Septic arthritis United Kingdom [198]

Community acquired 8 patients Pitted keratolysis of the foot United Kingdom [199]

Community transmission 22-year-old male Micrococcal pneumonia leading to death Spain [141]

Community transmission via tooth cavity 37-year-old female Intracranial suppuration Malaysia [142]

Community transmission 69-year-old male Micrococcal pneumonia Canada [200]

Via catheter a possibility 16-year-old female Bacteraemia Germany [201]

Pseudomonas mendocina

Community acquired via thorn pricks of hands 63-year-old male Infective endocarditis Argentina [70]

Community acquired suspected via trivial wound 65-year-old male Lumbar spondylodiscitis Taiwan [172]

Community acquired via foot wound 34-year-old male Septic arthritis Singapore [173]

Suspected related to the open wound 64-year-old male Bacteraemia USA [174]

Likely community acquired via a central venous catheter 72-year-old male Bacteraemia New Orleans USA [202]

Unknown 64-year-old male Bacteraemia United Kingdom [203]

Community acquired 86-year-old female Atypical fracture of the femur. Unknown [204]

Community acquired 55-year-old male Meningitis Taiwan [205]

Unknown 66-year-old female Meningitis Taiwan [205]

Hospital acquired 79-year-old male Meningitis Taiwan [205]

Community acquired 79-year-old female Meningitis Taiwan [205]

N/S 28-year-old woman Infective endocarditis Denmark [206]

Unknown 63-year-old man Peritonitis Portugal [207]

Community acquired 36-year-old male Native mitral valve endocarditis Turkey [208]

Community acquired from drinking water of pet bird 31-year-old male Sepsis Israel [175]

Leg wounds likely source 57-year-old male Native mitral valve endocarditis USA [71]

Unknown 79-year-old female Endocarditis France [209]
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Table 7. Cont.

Bacteria Identi�ed Source of Infection Patient Details Clinical Notes Region Infection
Was Identi�ed

Pseudomonas
pseudoalcaligenes

Dialysis portal 29-year-old female Peritonitis New York, USA [210]

Unknown 17-year-old pregnant female Stillborn foetus USA [211]

Rhizobium radiobacter

Community transmission via central venous catheter 6-year-old female and 10-year-old male Bacteraemia Texas, USA [212]

Community acquired after leaf contacted eye 42-year-old female Corneal abscess Romania [182]

Hospital acquired via central venous catheter 34 weeks premature baby Bacteraemia India [213]

Hospital acquired likely via implicated central venous catheter 2-year-old male Bacteraemia Macedonia [214]

Normal environment 64-year-old male Pulmonary abscess Valencia, Spain [111]

Hospital acquired from unknown source 19-year-old male Bacteraemia Greece [184]

Via central venous catheter 42-year-old female Bacteraemia Belgium [215]

Community acquired 80-year-old male Bacteraemia Belgium [215]

Community acquired via transcutaneous catheter 3.5-year-old male Bacteraemia Texas, USA [185]

Community acquired via contact lens whilst bathing and swimming 26-year-old female Keratitis China [216]

Hospital acquired 2-year-old, 37-year-old females and 21, 46,
53, 59, 79-year-old males Catheter-related bacteraemia Taiwan [186]

Community acquired 61-year-old female Pneumonia Taiwan [186]

Central venous catheter community and hospital acquired 73-year-old female and 53-year-old male Bacteraemia France [217]

Community acquired plant and soil via peritoneal dialysis 41-year-old male Peritonitis x 2 leading to death USA [72]

Via peritoneal dialysis catheter community acquired 43-year-old male Peritonitis China [218]

Community acquired via a peritoneal dialysis catheter 63-year-old male Relapsing peritonitis Spain [187]

Community acquired 54-year-old male Peritonitis India [219]

Hospital acquired via ventilator humidi�er water and water-chamber
of ventilator

6 hospitalised patients; 6 months to 11
years of age Bacteraemia Turkey [188]

Community acquired via central venous catheter 64-year-old male Bacteraemia USA [220]

Hospital acquired Healthy preterm neonate Sepsis Saudi Arabia [221]

Hospital acquired via peritoneal dialysis 66-year-old male Peritonitis USA [222]

Community acquired from plant and soil 42-year-old male Peritonitis Taiwan [73]

Community acquired from plant and soil 87-year-old female Septic shock China [183]
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Table 7. Cont.

Bacteria Identi�ed Source of Infection Patient Details Clinical Notes Region Infection
Was Identi�ed

Salmonellaspecies
Consumption of salmon Multiple persons outbreak Gastroenteritis United Kingdom [223]

Consumption of smoked halibut Multiple persons outbreak Febrile gastroenteritis Germany [224]

Vibrio �uvialis

Shell�sh 72-year-old male Cholera-like diarrhoea Mississippi USA [225]

Following tidal wave 3,529 cases Watery diarrhoea. West Bengal eastern India [226]

Contaminated freshwater and �sh from these waters Regular outbreaks during summer months Acute enteric infections Volga Russia [227]

Swimming in contaminated water Unknown Waterborne otitis Cuba [228]

Swimming in contaminated water 40-year-old female Waterborne otitis Taiwan [229]

Contaminated water or food 43 patients with diarrhoea Diarrhoea Kolkata, India [230]

Brackish water 45-year-old male Haemorrhagic cellulitis and cerebritis leading
to amputation. Secondary to wound infection Taiwan [231]

Collecting �sh in infected water with abrasion on leg 47-year-old male Necrotising fasciitis and primary sepsis
leading to amputation Taiwan [232]

Unknown Outbreak of 10,674 patients Diarrhoea Dacca and Matlab Bazaar, Bangladesh
[233]

Cooked �sh, raw oysters, shrimp Twelve patients Gastroenteritis, a wound in one patient, and a
caecostomy drainage specimen in one patient Florida, USA [234]

Unknown 65-year-old male Severe watery diarrhoea requiring parenteral
hyperalimentation Taiwan [235]

Unknown 52-year-old female Acute infectious peritonitis Republic of Korea [236]

Trivial cutaneous lesion or through gastrointestinal translocation
after ingestion of undercooked seafood. 88-year-old female Biliary tract infection Taiwan [237]

Two cultures from home tap water coming from well revealed heavy
growth 52-year old female Urinary tract infection Beirut, Lebanon [238]
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In the present study R. radiobacterwas sensitive only to Cipro�oxacin. This bacterium
has been identi�ed as sensitive to Cipro�oxacin in a number of studies [ 184,239,240], as
expected, resistant to Vancomycin, and a large range of other antimicrobials [ 241,242].
According to Edmond, et al. [ 241], many bacterial species found in soil are innately resistant
to antimicrobials and R. radiobacterhas been demonstrated to `produce multiple antibiotic-
inactivating enzymes'.

Vibrio �uvialis was only isolated from imported Sp. B �llets in the present study. The
halophilic Vibrio �uvialis has traditionally been recovered from marine/estuarine environ-
ments, however V. �uvialis is now reported from cultured freshwater �sh [ 61,62,243,244]
and is considered an emerging foodborne pathogen [ 245]. Vibrio �uvialis has been isolated
from river mud samples in Bangladesh [ 246], human stools, and faecally contaminated [ 247]
as well as treated ef�uents systems [248] and is able to form a bio�lm on environmental
microplastics [ 249]. Vibrio �uvialis has been isolated at the farm level from cultured Nile
tilapia and North African cat�sh [ 243,250,251], cultured African snakehead ( Parachanna
africana) and bagrid cat�sh ( Chrysichthys nigrodigitatus) [244], common carp [252], rohu
(Labeo rohita) [253,254], �sh farm water [61] and in retail frozen/fresh �sh [58,255].

Large outbreaks of cholera-like diarrhoea from V. �uvialis have been reported after
consumption of contaminated �sh/freshwater [ 225,227,230], although many outbreaks
have an unknown origin [ 233]. Vibrio �uvialis was the causative agent for haemorrhagic
cellulitis leading to amputation [ 231] and a urinary tract infection [ 238] from heavily
contaminated water.

In the present study, all samples were resistant to Colistin, Cephalothin and Van-
comycin, which has been previously described in published literature [ 103,232,256,257]
(ref. [257] is a preprint). Vibrio �uvialis has been demonstrated resistant to a wide variety of
common antimicrobials and it is considered that a rapid expansion in resistant strains [ 258]
has occurred.

Two samples, one each from Sp. A and Sp. B, were identi�ed as S. aureus, with one sam-
ple being resistant to all antimicrobials tested and considered to be MRSA. Staphylococcus
aureusis found in the environment and the nose and skin of healthy humans [ 259]. This bac-
terium can be spread by direct contact between people and/or contact with contaminated
objects [260], and S. aureuson the outer surface of edible �sh has potential to contaminate
hands/work surfaces or be transmitted between family members/pets. Staphylococcus
spp. and S. aureushave been isolated at the farm level from cultured tilapia [ 130,161,261],
striped cat�sh [ 56,166], during �lleting/trimming of cultured striped cat�sh [ 56], and in
retail frozen/fresh/fermented �sh [134,166,167,262].

Coagulase positive staphylococcal food poisoning is a dominant cause of foodborne
illness globally [ 263] and one of the most common bacterial infections described in other
clinical conditions [264–276].

In the present study Salmonellasp. was identi�ed from Sp. A and Sp. B, although
not all species belonging to this genus are pathogenic to humans [277]; the testing of
edible food, including �sh, which may be carried out on entry to Australia only lists the
genus Salmonella, as does Codex `Code of Practice for Fish and Fishery Products' (CXC
52-2003) [123]. Salmonellaspp. are found in the digestive tract of a broad range of animals.
Humans, cows, pigs, and chickens are recognised carriers [278] and may contaminate food
and water sources through the excretion of this bacterium in faeces [ 279]. Salmonellais
spread from consumption of contaminated food, but may also be passed from person-to-
person [280,281] and between animals and people [282]. In regions where the intensive
freshwater FF system is used particularly in conjunction with poor sanitation standards,
Salmonellawill be prevalent in both the water and the �sh raised in these facilities.

Salmonellasp. has been isolated from the waters where cultured cat�sh [ 283], Mozam-
bique tilapia ( Oreochromis mossambicus) and cat�sh [ 63] are raised. In Vietnam, it is consid-
ered that the important contamination sources in FF are ` livestock and non-livestock-reservoirs,
such as faecal-contaminated pond water, �sh feed, birds, amphibians and reptiles' [ 284]. Salmonella
sp. has been isolated at the farm level from tilapias [ 130,261,285] and African sharp-tooth
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cat�sh [ 63], in retail cat�sh/other cultured freshwater �sh [ 59,262,286] and in an array of
imported seafood [ 60,287–291]. In the USA, the incidence of Salmonellacontamination in
imported raw �sh was 12.2%, with Vietnam having the highest by country basis [60].

Salmonellosis, which has increased markedly in the last 50 years, is associated with gas-
troenteritis and many other types of systemic disease [60,292]. Seafood borne salmonellosis
outbreaks have occurred in the United Kingdom [ 223,293], Germany [224], the European
Union and the USA, although according to Heinitz, et al. [ 60] salmonellosis is signi�cantly
under reported.

In the present study, Salmonellasp. sample S469 showed a total pattern of resistance
for all antimicrobials tested which is supported in recent reports of multi antimicrobial
resistance inSalmonellasp. samples from edible �sh and other food products [294–296].

Seafood related salmonellosis and staphylococcal infection has been recognised glob-
ally for some time; however, the emergence of new human pathogens from environmental
bacteria, previously not considered a human health threat, is of concern. The international
trade in cultured edible �sh cannot be disregarded as a signi�cant circulator and propagator
of these environmental zoonotic/non-zoonotic bacteria and antimicrobial resistant strains
into regions where they have not previously been recognised.

A limitation of the present study was the small sample size and lack of more sophis-
ticated methods of identi�cation for bacteria, due to limitations in time and resources
available. It is considered that future studies could use MALDI-TOF ®, mass spectrometry
for identi�cation of bacteria, and molecular and phenotypic methodology to characterize
antimicrobial patterns of resistance.

5. Conclusions

In conclusion, zoonotic bacteria, many with a high RR, were identi�ed contaminating
frozen edible Sp. A and Sp. B imported into Australia. It is suggested that further study,
using a greater sample size, may support the development of new food safety guidelines for
Australian consumers for certain types of imported freshwater �sh. It is also suggested that
Australia could provide some countries, which produce farmed edible �sh, with support to
reach greater food safety compliance.
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Chapter 6 
 

 

Investigating the prevalence/intensity of fish borne parasite infection in 

selected imported edible freshwater fishery products 

 

Aim 4: To identify zoonotic parasites collected from imported edible freshwater fish from 

countries identified as �µFreshwater fish high risk�¶��for supply chain breaches using 

morphological and/or molecular methodology. 

Preamble: The current Australian testing procedures for imported edible FP does not include 

additional testing for zoonotic parasites in freshwater FP. Australia imports freshwater FP from 

many countries which have some of the most pathogenic zoonotic parasites in the world many 

of which may be present in intensively cultivated FP. The present study was designed to 

identify parasites collected in Chapter 4 and report on zoonotic species which were identified. 

Manuscript: Williams, M., Hernandez-Jover, M., & Shamsi, S. (2022). Parasites of zoonotic 

interest in selected edible freshwater fish imported to Australia (Published) 
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Chapter 7 
 

 

Investigating the prevalence of non-zoonotic parasites in selected imported 
edible freshwater fishery products 

 

Aim 5: To identify non-zoonotic parasites collected from imported edible freshwater fish from 

countries identified as high risk for supply chain breaches using morphological and molecular 

methodology. To review the literature for the pathophysiology of infection and potential 

exposure pathways into Australia for non-zoonotic parasite species. 

Preamble: At present edible FP imported into Australia are not tested for parasites. Many 

edible FP imported into Australia originate from countries high risk for many species of 

parasite which are unrecognised in the Australian environment and may pose a risk to native 

aquatic wild life if introduced.  The present study was designed to identify non-zoonotic 

parasites collected in Chapter 4, report on non-zoonotic species identified, to review the 

literature and discuss the exposure pathways to the Australian environment and the 

pathophysiology of infection and for each of the non-zoonotic species of parasite identified.  

Manuscripts:  

Williams, M., Hernandez-Jover, M., & Shamsi, S. (2023). Parasites in imported edible fish and 

a systematic review of the pathophysiology of infection and the potential threat to Australian 

native aquatic species (Published) 

Williams, M., Hernandez-Jover, M., & Shamsi, S. (2022). Genetic characterisation of Tanqua 

(von Linstow, 1879) (Nematoda: Gnathostomatidae) larval forms including new host and 

locality (Published) 
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Parasites in Imported Edible Fish and a Systematic Review of
the Pathophysiology of Infection and the Potential Threat to
Australian Native Aquatic Species
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School of Agricultural, Environmental and Veterinary Sciences & Graham Centre for Agricultural Innovation,
Charles Sturt University, Wagga Wagga, NSW 2650, Australia
* Correspondence: miwilliams@csu.edu or shellparell@gmail.com

Abstract: Previous research has shown that certain types of edible �sh imported into Australia

are infected with Euclinostomum/ Isoparorchisdigenetic trematodes. In the present study, imported

Channa�sh were examined for parasites which were then morphologically identi�ed to the lowest

taxonomic unit possible. Here we provide the �rst Australian report of Pallisentissp. Van Cleave,

1928 (Prevalence (P) 35.9%) of family Quadrigyridae;Genarchopsissp. Ozaki, 1925 (P. 16.5%), family

Derogenidae and Sengasp. Dollfus, 1934 (P. 4.8%) in edible imported Channa�sh (n = 103). Pallisentis

sp. and Sengasp. have invasive hold fast organs which cause signi�cant mechanical damage to �sh

intestinal structures and Euclinostomum/ Isoparorchiscause severe pathology and loss of marketability

in infected �sh. These exotic parasites, if introduced into Australia, have the potential to negatively

impact the health, fecundity, resilience and marketability of native and commercial �sh species.

Biosecurity is a constant ontogenesis of novel hypothesis based on current scienti�c discoveries. To

further increase understanding of how parasitism impacts �sh health, a systematic literature review

was conducted and the pathophysiology of infection described. Potential exposure pathways and

parasite host associations in Australia are discussed.

Keywords: imported �sh; Australian biosecurity; native aquatic species

1. Introduction

Fish-borne parasites introduced to regions where the parasite is unrecognized have the
potential to in�ict signi�cant economic hardship on the commercial �sheries industry [ 1]
through detrimental retardation of growth, fecundity and increased mortality [ 2–4]. Addi-
tionally, countries with phylogenetically homogenous native aquatic fauna to imported
�sh may be at high risk for co-introduction of parasites which may impact the health
and survival of native aquatic species [ 5]. Transported invasive parasite species which
become established in the environment are a high biodiversity risk across ecosystems for
the emergence of aquatic diseases and decline in native animal populations [6,7].

It is generally accepted that the trade and release of ornamental �sh into Australian
waterways has been responsible for the introduction of many aquatic parasite species [ 5];
the cestode Bothriocephalus acheilognathiYamaguti, 1934 syn. Schyzocotyle acheilognathi
Brabec, Waeschenbach, Scholz, Littlewood & Kuchta, 2015 [8], monogeneansGyrodactylus
bullatarudisTurnbull, 1956, G. macracanthusHukuda, 1940, Dactylogyrus extensusMueller &
Van Cleave, 1932,D. anchoratus(Dujardin, 1845) Wagener, 1857 [9] and the parasitic copepod
Lernaea cyprinaceasyn. Lernaea cyprinacea cyprinaceaLinnaeus, 1758 are now established
in many species of native Australian �sh [ 10,11]. However, the risk posed by parasites in
imported edible �sh which, due to weaknesses in the supply chain, may �nd their way
into the aquatic environment, is rarely considered (Figure 1). Australian biosecurity is
considered exemplary and the nation's import conditions for edible �sh stringent [ 12,13].
However, Australian importation commodity codes and trade data indicate that some fresh
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or chilled �sh for human consumption originates from countries with endemic infection
of parasites alien to Australia [ 14,15] and many of these �sh-borne parasites have been
demonstrated to cause signi�cant damage to �sh and other aquatic or native species [ 16–20].

Figure 1. The �sh supply chain, risk points and possible outcomes for Australian aquatic and native
species. In light blue are the basic steps in the �sh supply chain and in grey the risk factors at each
step which may contribute to parasites or intermediate hosts of parasites being introduced into the
Australian environment. Inadequate cooking at the consumption step may cause illness but in some
cases parasites may mature in humans who may then introduce immature parasite stages into the
environment. If infected �sh are used for other purposes such as bait, in the presence of a suitable
intermediate, paratenic or de�nitive host, parasites may successfully complete their lifecycle by
involving native aquatic or other species.

Metacercariae of many parasitic �ukes and larval nematodes can be very resilient.
These infectious stages of a parasite can remain viable for long periods in refrigerated,
salted, pickled and frozen �sh products [ 21–26]. The introduction of white spot syndrome
virus (WSSV) into Australia, from frozen imported edible shrimp [ 27], used by recreational
�shers as bait or repackaged in Australia as bait [ 28], highlighted this possible but pre-
viously little-considered exposure pathway. It also provided a salient reminder of the
social, environmental and economic repercussions associated with a biosecurity breach [29].
Although oxymoronic, the introduction of WSSV into Australia was a lesson in biosecurity
needing to anticipate the unexpected.

In Williams, et al. [ 30] six predictor variables were used for a risk scoring system to
identify countries which may be at high risk of seafood supply chain breaches. All countries
scored were given an anonymous and unique numerical identi�er and 200 parasites were
collected from �sh imported to Australia from Country 22 (Country 22 = unique numerical
identi�er). In Williams, et al. [ 31], zoonotic/potentially zoonotic parasites, Isoparorchis
sp. Southwell, 1913 and Euclinostomumsp. Travassos, 1928 were identi�ed from the
200 parasites previously collected. Non-zoonotic parasites in the present study were
collected from ChannaScopoli, 1777 species �sh originating from Country 22.

Channaspecies are freshwater predatory �sh which are distributed from Asia to the
Middle East [ 32]. Member species are an important source of dietary protein in many
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countries and are commercially farmed and exported (food and aquarium trade) [ 33] from
some regions. The preferred habitat of Channaspecies are ponds/ditches and, as adults,
swamps, stagnant and muddy streams/water [ 34]. Due to the carnivorous and voracious
predation of frogs, immature turtles and small �sh/�sh fry, Channaspecies are vulnerable
to heavy intestinal parasite infection [35].

To further the understand the risk posed by parasites present in imported edible
�sh, the aim of the present study was to identify `non-zoonotic' parasites from Channa
�sh collected in Williams, et al. [ 30] to the lowest taxonomic unit possible using mor-
phological methodology. The secondary aim was to explore the pathophysiology of �sh
parasitism associated with non-zoonotic species identi�ed in this study and Isoparorchis
sp./ Euclinostomumidenti�ed in Williams, et al. [ 31] through a systematic review of pub-
lished literature. The tertiary aim was to explore and discuss the availably of suitable host
species and the potential of each parasite to develop a successful lifecycle in Australia.

In the present study, we investigate parasitic helminths Pallisentissp. (Acantho-
cephala: Quadriguyridae), Genarchopsissp. (Trematoda: Derogenidae),Sengasp. (Cestoda:
Bothriocephalidae), Isoparorchissp. (Trematoda: Isoparorchiidae) and Euclinostomumsp.
(Trematoda: Clinostomidae). The potential exposure pathways discussed include the avail-
ability of both suitable intermediate, if applicable, and �nal hosts in Australia according to
the lifecycle of each parasite.

The purpose of this study was to identify non-zoonotic parasites from Channa�sh
imported into Australia, not to disadvantage the �sh export market of any developing
country. Therefore, information which may lead to the identi�cation of any country is
absent from this manuscript. This may include auxiliary tables, �gures, �sh species and
citations. Citation omitted from this manuscript to maintain country con�dentiality are
indicated with (*).

2. Materials and Method
2.1. Parasite Collection and Preparation

Zoonotic/potentially zoonotic parasite species, Isoparorchissp. and Euclinostomum
sp. were previously identi�ed in Williams, et al. [ 31] and non-zoonotic parasite species
were identi�ed in the present study. All non-zoonotic parasites were obtained from edible
Channa�sh (n = 103 individual Channa�sh of the same species). The method for parasite
collection and preparation is described in detail in Williams, et al. [ 30] and included the
methods for �sh examination found in Shamsi and Suthar [ 36] and the pepsin digestion
method found in Bier, et al. [ 37]. Parasites were stored in 70% ethanol until morphological
identi�cation. In the present study, whole specimens were slide mounted in lactophenol
and morphological examination followed descriptions in published literature.

2.2. Morphological Identi�cation

The morphometric characteristics of importance were measured for selected specimens,
using a calibrated eyepiece micrometre (BX-43 Olympus Microscope, Olympus Corporation,
Tokyo, Japan) and compared with descriptions in published literature. Unless otherwise
stated, all measurements are given in millimetres. Measurement ranges are given in length
x width mm format or as length or width only. An Upright Motorized Microscope ECLIPSE
Ni-E, Nikon, Tokyo, Japan was used for image capture of specimens.

2.3. Parasite Population Calculations

The prevalence (P), mean intensity (MI) and mean abundance (MA) of the parasites
Genarchopsis, Pallisentisand Sengagenera, described in the present study, followed calcula-
tions in Bush, et al. [38]:

P = (number of infected �sh/total number of examined �sh) � 100;
MI = (number of parasites/number of infected hosts);
MA = number of parasites/total number of examined hosts.
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Parasite population calculations have been provided for parasite genera Genarchopsis,
Pallisentisand Senga(Table 1). ForPallisentis(B) sp. 1,Pallisentis (P) gomptii, Genarchopsis
sp. 1 and Genarchopsis paithanensisthe number of parasites and the number of infected �sh
only have been provided (Table 1).

Table 1. List and number of parasites found in Channa sp. from Country 22. The total number of
parasites found for Pallisentis(B) sp. 1,Pallisentis(P) gomptii, Genarchopsis paithanensisand Genarchopsis
sp. 1 in this Table are included in and not additional to the total number of parasites found for
Pallisentissp. or Genarchopsissp.

Fish and
Number
(N=)

Parasite Species Site of Infection
No. of
Fish
Infected

Range in
Infected
Fish

Prevalence
(%)

Total No. of
Parasites
Found

Mean
Intensity

Mean
Abundance

Channa
species
(n = 103)

Pallisentissp. Van
Cleave, 1928 in total

96Pallisentis (P)
identi�ed intestinal
mesentery and
intestinal wall. One
Pallisentis(B)
embedded in �sh
musculature

37 0–11 35.9 97 2.62 0.94

Pallisentis(B.) sp. 1
Amin, Heckmann,
Nguyen, Pham &
Pham, 2000

1 1

Pallisentis (P.) gomptii
Gupta & Verma, 1980

5 7

Genarchopsissp. Ozaki,
1925 total

Free in abdominal
cavity

17 0–4 16.5 36 2.1 0.34

Genarchopsis
paithanensisPardeshi
& Hiware, 2012

3 3

Genarchopsissp. 1 1 1

Sengasp. Dollfus, 1934 Intestinal lumen 5 0–1 04.8 5 1.0 0.04

2.4. Literature Search

For each parasite speciesPallisentis(Brevitritospinus) sp., or Pallisentis(Pallisentis) sp.,
Sengasp. and Genarchopsissp. identi�ed in the present study and Euclinostomumsp.
and Isoparorchissp. identi�ed in Williams, et al. [ 31], a literature search for English text
articles was conducted via Google Scholar and Charles Sturt University (CSU) PRIMO
search engines. Where full text articles were not available, CSU interlibrary loan was
used to obtain a copy of the publication wherever possible. The Charles Sturt University
PRIMO search engine maintains an account with all major scholarly journals. There were
no time limitations for publications sourced. The search terms used for the literature
search included: “each parasite name” AND histopathology OR pathophysiology OR
histochemical. Results from review articles were excluded. For each paper, we compiled
datasets on hosts infected, anatomical site of infection, geographic locality where hosts
were identi�ed infected and observations of the physiological consequences of infection in
order to provide a general overview of the risks to �sh health.

3. Results
3.1. Prevalence of Helminths in Fish

In this study, Pallisentissp. (n = 97 in total), Genarchopsissp. (n = 36 in total) and Senga
sp. (n = 5 in total) parasites were recovered from 103 imported Channaspecies �sh. All
Channa�sh examined in this study were the same species. Many of the parasite specimens
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were damaged, therefore, provisional identi�cation to a species level has only been made
in some instances. Of the 97Pallisentissp., 7 females were identi�ed as Pallisentis (P)
gomptii (n = 7/97) and 1 adult male identi�ed as Pallisentis (B)sp. 1 (n = 1/97). There were
36 Genarchopsissp. in total identi�ed, inclusive of 3 Genarchopsis paithanensis(n = 3/36)
and 1 Genarchopsis folliculata(n = 1/36) herein identi�ed as Genarchopsissp. 1. A total of
5 cestodes were identi�ed as Sengaspecies.

Pallisentissp. was the most prevalent parasite infecting Channa�sh (P 35.9%), followed
by Genarchopsissp. (P 16.5%) andSengasp. with a prevalence of 4.8% (Table 1). Adult and
cystacanths ofPallisentis(Pallisentis(P.)) sp. were recovered. Cystacanths without exception
were encysted in clear capsules attached to the intestinal mesentery. Adult Pallisentis
(P.) sp. were all found with the proboscis embedded in the intestinal wall or intestinal
mesentery. The proboscis of one adult male specimen of Pallisentis(Brevitritospinus(B.))
sp. was embedded in �sh musculature. Genarchopsissp. were found free in the abdominal
cavity. All Sengasp. were obtained from the lumen of the intestine. The exterior colour of
the tapeworms re�ected the �sh intestinal contents.

3.2. Morphological Identi�cation of Helminths from Consumer Ready Channa Fish
3.2.1.GenarchopsisSpecies Ozaki, 1925, Family Derogenidae Nicoll, 1910, Class Trematoda
GenarchopsisSpecies General Observations

Many specimens were damaged and identi�cation to a species level was not possible.
A total of 36 specimens were identi�ed as Genarchopsisspecies based on descriptions in
Shimazu, et al. [39] and Urabe, et al. [40]. General observation of damaged Genarchopsis
species are as follows: Specimens range in size and width between different species. The
posterior is bluntly pointed. The acetabulum surrounding the ventral and oral suckers is
muscular. Ventral suckers range from slightly post equatorial to situated at the anterior
section of the posterior third of the body. The posterior body angles away at the ventral
sucker from the anterior body by ~10–45 � depending on the species. In general, the ventral
sucker is approximately twice as long and one and a half times as wide as the oral sucker.
Vitellaria number varies from one to four between species and occurs at the posterior end
of the body.

Genarchopsis paithanensis

Three reproducing adult specimens (n = 3/36) were identi�ed as Genarchopsis paitha-
nensisbased on descriptions in Pardeshi and Hiware [ 41]. Genarchopsis paithanensis(Fig-
ure 2A–C) are 1.5–3.85 mm in length. Width at the ventral sucker (VS) is 0.4–0.5 mm, at
the anterior body 0.4–0.9 mm and the posterior body 0.25–0.32 mm. The oral sucker is
0.2–0.25� 0.52–0.45 mm and the VS 0.4–0.62� 0.37–0.55 mm. The body angles away
by approximately 45 � at the ventral sucker. The vitelline gland is a single heart-shaped
granular mass and is situated at the posterior extremity of the body. The right arm of the
vitelline gland is 0.05 � 0.03–0.035 mm and the left arm 0.045� 0.035 mm. The uterus is
distinctive and multi coiled. Egg is engorged from the anterior body above the VS. Mature
eggs are oval in shape (0.04–0.05 mm long) and have a distinct polar �lament. There are
two testes (T) situated in the posterior third below the ventral sucker along the opposing
sides of the lateral body line which are 0.08 � 0.09 mm (T1) and 0.08� 0.08 mm (T2).
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Figure 2. (A–G). Parasites identi�ed in imported �sh. (A–C) an egg-engorged mature digenean
Genarchopsis paithanensis. The dark area in (A) and surrounding the ventral sucker in ( B) is made
up of hundreds of eggs. (C) heart shaped vitelline gland. ( D) eggs in a mature segment of Sengasp.
tapeworm. ( E) shows the multiple invasive scolex hooks of Sengasp. which are situated in a circular
crown on the scolex (F) the invasive proboscis hooks and collar spines of Pallisentis(Brevitritospinus)
sp. and (G) Pallisentis(Pallisentis) sp.

Genarchopsissp. 1

One reproducing adult specimen (n = 1/36) was close to descriptions for G. folliculata
in Bhadauria and Dandotia [ 42] and identi�cation was based on four vitelline glands which
are of similar size; vitelline 1 (V1) (0.065 � 0.06 mm); V2 (0.66� 0.05 mm); V3 (0.065�
0.04 mm) and V4 (0.055� 0.05 mm). Many other morphological features are indistinct or
damaged. The specimen is 1.30 mm in length and 0.16 mm wide. The oral and VS are not
able to be accurately measured. The uterus is multi coiled and contains many oval eggs
(0.045� 0.02 mm).

3.2.2.Sengasp. Dollfus, 1934, Family Bothriocephalidae Blanchard, 1849, Class Cestoda

Two reproducing adult specimens were identi�ed as Sengasp. (Figure 2D–E) according
to descriptions in Koiri and Roy [ 43], Majid and Shinde [ 44] and Pardeshi and Hiware [ 45].
The scolex is rounded and crowned with a single circle of 46–50 elongated hooks which
attach to a short neck. Hooks are pointed at the posterior end and are 0.06–0.062 mm
long and 0.01 mm wide. Mature proglottids are wider than long (0.15–0.22 � 1.0–1.5 mm).
Testes are very small, round and evenly distributed in each segment. Eggs are numerous
within the uterus and are oval with no operculate (0.045 � 0.022–0.025 mm). The cirrus

174



Diversity 2023, 15, 470 7 of 27

pouch is oval in shape. Three reproducing adult other specimens with damaged scolex
were identi�ed as Sengaspecies based upon morphology of the undamaged scolex/hooks
and the mature proglottids.

3.2.3.PallisentisSpecies Van Cleave, 1928, Family Quadrigyridae Van Cleave, 1920,
Class Eoacanthocephala

Ninety-seven individuals of Pallisentissp. in total were recovered. Amin, et al. [ 46]
established Pallisentisand Brevitritospinusas a subgenus ofPallisentisbased on proboscis
hook sizes. The armature of the proboscis of Pallisentis(B.) has posterior two rows of
proboscis hooks approximately half as long as the hooks in the top two rows. The armature
of Pallisentis(P.), however, has proboscis hooks which decline gradually in size from
anterior to posterior. Selected specimens which were measured were allotted to either
subgenera according to proboscis hook size or for damaged specimens, asPallisentissp.

Pallisentis(Brevitritospinus) sp. 1

One adult male specimen only (n = 1/97) in the present study was identi�ed as
belonging to Pallisentis(B.) (Figure 2F). The internal structures of this specimen were
indistinct; however, all other features followed descriptions in Gupta and Verma [ 47] and
Gautam, et al. [48] for Pallisentis(B.) cavasii. No female Pallisentis(B.) specimens were
identi�ed. The measurements for the male specimen in the present study are as follows:
body 2.97 mm long, 0.25 mm wide at the collar, 0.27 mm at the anterior trunk and 0.10 mm
wide at the posterior trunk. Proboscis is globular and �rst row of hooks are very robust
and only slightly recurved with others appearing to be relatively straight. First (0.05 mm)
and second (0.045 mm) row of proboscis hooks are close in length. Third (0.026 mm) to
fourth (0.02 mm) row of hooks are similar in length and approximately half the length of
hooks in the �rst two rows. The base of the proboscis hook appears deeply embedded in
the proboscis wall. There are 15 collar spines with 10–11 spines per row and 0.015–0.02 mm
distance between each spine. Collar spines measure 0.025� 0.02 mm. There is a very small
gap between the end of the collar spines and commencement of trunk spines (0.065 mm).
Trunk spines are arranged in 18 rows and there are 14–20 spines per row which decrease at
the posterior end of trunk to 2–3 spines. Trunk spines (0.025 � 0.01 mm) are forked at the
proximal end and there is 0.02–0.025 mm between each spine.

Pallisentis(Pallisentis) gomptii

Seven adult female specimens (n = 7/97) were very close to descriptions in Gautam,
et al. [48] and Gupta and Verma [ 47] for Pallisentis(P.) gomptii (Figure 2G). No male speci-
mens were examined to con�rm species identity. The body length range is 6.5–10.0.The
body width range is 0.32–0.60 at the collar and 0.22–0.50 at the posterior trunk. Immediately
following the collar, the width at the anterior body �ares slightly (0.45–0.70). There are
four circles of proboscis hooks with ten hooks per row. Hooks in the �rst row are 0.06–0.08,
the second row 0.045–0.075, the third row 0.035–0.06 and in the fourth row 0.025–0.045.
Collar spines are arranged in 14–15 rows with 15–17 spines per row. Collar spines are
0.02–0.04 in length and there is 0.02–0.09 distance between each spine. A spineless area
(0.1–0.22) separates trunk and collar spines. Trunk spines are only conical in shape. There
is no cuticular thickening at the base of proboscis hooks or trunk spines. Trunk spines
do not extend to the posterior end of the trunk and are arranged in 60–70 rows each with
14–15 spines per circle. Trunk spines are 0.015–0.035 in length with 0.03–0.08 between each
adjacent spine.

3.3. Literature Search Results

The literature search results have been included in Figure 3 and information obtained
from the search has been included in Table 2 and the manuscript text.
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Figure 3. Literature search �ow, exclusion criteria and results from the literature search which was
conducted via CSU PRIMO which maintains an account with all major scholarly journals.

3.3.1.Euclinostomumsp., Travassos, 1928, Pathophysiology

Euclinostomumspecies of family Clinostomidae are haemophagic digenean para-
sites [49] which are able to infect an extensive species range [50]. Euclinostomumsp. feed
on host blood both directly from the internal organs of the host as well as extracorpo-
really [ 49]. The pathogenicity to the host is dependent on the site where metacercariae
encyst. Skin encystation has an irritating effect/thickens skin and �sh are very likely to
self-mutilate [ 21,50]. Encystation of the host muscle is associated with abnormal swim-
ming behaviours and mass mortality [ 51,52]. Gross histopathological changes have been
observed in the host kidney and liver when metacercariae encyst in these organs [1].

The teleostean kidney and liver are metabolically critical organs for gaseous exchange,
excretion of toxins, hemopoiesis and osmoregulation [ 53]. In addition, the liver is important
for metabolism of proteins, carbohydrates, lipids and functions to store glycogen, to
catabolise fatty acids and synthesise amino acids [54]. It is considered the signi�cant
damage to both the liver and kidney resultant of parasitism would limit �sh survival. In
addition, impairment of hemopoiesis in conjunction with a very ef�cient haemophagic
parasite may induce anaemia which has been demonstrated to impair �sh growth, diminish
health and increase mortality [55,56].
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Table 2. Previous reports of host parasitism and pathophysiology identi�ed following literature review. Fish pathophysiology column includes histopathology
and any perceived or measured effects. N/D indicates not discussed.

Species of Parasite Host Infected Site of Infection Geographical Locality Fish Pathophysiology Reference

Euclinostomum ardeolae
El-Naffar & Khalifa, 1981

Nile tilapia, Oreochromis
niloticus (Linnaeus, 1758)

Kidney Egypt Grey/black cysts
Ahmed,
et al. [57]

Euclinostomum heterostomum
(Rudolphi, 1809) Travassos,
1928

Spotted snakehead,Channa
punctata(Bloch, 1793)

Liver, kidney & viscera India Heavily parasitized �sh lethargic
Bhargavi,
et al. [58]

Euclinostomum heterostomum
Mozambique tilapia,
Oreochromis mossambicus
(Peters, 1852)

High in muscle
Multiple locations, Venda and
Lebowa, southern Africa

Loss of consumer con�dence.
Britz, et al.
[51]

Euclinostomum heterostomum
Redbelly tilapia, Tilapia zillii
syn. Coptodon zillii(Gervais,
1848)

Body cavity, skin, eye Opi Lake, Nigeria

Pronounced in�ammation & roughened skin. Ex-cysted
metacercariae associated damage from burrowing
through host organs. Fish blindness, myositis, muscle
bumps. Decreased �sh marketability.

Echi, et al.
[21]

Euclinostomum heterostomum
Redbelly tilapia T. zillii syn.
Coptodon zillii

Skin Nigeria
Co-infection with other clinostomatids causes cysts,
ulcers, degeneration of skin/muscle, necrosis.

Echi, et al.
[59]

Euclinostomum heterostomum
Striped snakehead,Channa
striata (Bloch, 1793)

Body cavity, muscles,
liver, gill opening,
intestine, kidneys &
ovaries

Bhopal, India

Fish with reduced glomeruli size, severe
degeneration/necrosis of hemopoietic tissue and tubule
cells with hypertrophied nuclei & epithelial cells
detached. Occlusion of tubular lumen.

Kaur, et al.
[60]

Euclinostomum heterostomumSpotted snakehead,C. punctata Liver Bhopal, India
Degeneration & necrosis of liver tissue with enucleated
hepatocytes.

Kaur, et al.
[61]

Euclinostomum heterostomum
Apistogramma ramirezisyn.
Mikrogeophagus ramirez(Myers
& Harry, 1948)

Encysted skin
Imported from Hong Kong to
Purdue University, USA

Irritating effect, rubbing against rocks & self-trauma.
Kazacos and
Appel [50]

Euclinostomum heterostomum
Guppy, Poecilia reticulataPeters,
1859

Musculature Chonburi Province, Thailand
Localised degeneration & necrosis where parasite
present.

Laoprasert,
et al. [62]

Euclinostomum heterostomum
Striped snakehead,C. striata
and Spotted snakehead,C.
punctata

Liver N/D

Rupture & loss of hepatocyte distinct shape. Vacuolation
of cytoplasm. Hypertrophy of hepatocytes. Perilobular
space of liver shows vacuolation, loosening of hepatic
tissue & necrosis.

Laxma
Reddy, et al.
[63]
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Table 2. Cont.

Species of Parasite Host Infected Site of Infection Geographical Locality Fish Pathophysiology Reference

Euclinostomum heterostomum
Redbelly tilapia, T. zillii syn.
Coptodon zillii

Encapsulated mostly in
peritoneum of the kidney
some musculature

Nile, Giza governorate, Egypt

Parasite cyst wall merged with renal interstitium &
glomerular structures. Intense in�ammatory cells
extending into surrounding renal tissue. Signi�cant
glomerular & interstitial congestion, tubular epithelium
with haemorrhages, vacuolization & necrosis.

Mahdy, et al.
[64]

Euclinostomum heterostomum
African cat�sh, Clarias
gariepinus(Burchell, 1822)

Muscle
Buffeldoorn Dam & Seshego
Dam Lebowa, South Africa

Heavy infestations likely to occur in ponds with high �sh
density if intermediate snail host is present. Loss
consumer con�dence.

Mashego
and
Saayman
[65]

Euclinostomum heterostomumNile tilapia, O. niloticus Kidney
Commercial markets Cairo &
�sherman Kafr El Sheikh,
Egypt

Thick �brous area surrounding parasite. Degenerative
renal tissue, tubules & congested blood vessels. Some
sections showed changes to glomeruli and Bowman's
capsule.

Mohamed,
et al. [66]

Euclinostomum clarias
(Dubois, 1930) Dollfus, 1932

African cat�sh, C. gariepinus Liver Nigeria
Hepatic degeneration, necrosis/�brosis, in�ammation of
bile duct, severe damage result of larval migration.

Onucha [67]

Euclinostomum heterostomum

Wild caught croaking gourami,
Trichopsis vittata(Cuvier, 1831),
Siamese �ghting �sh, Betta
splendensRegan, 1910 and
crescent betta,Betta imbellis
Ladiges, 1975

Musculature Southern Thailand Tubercle-like thickened areas on skin.
Pinky, et al.
[68]

Euclinostomum heterostomumSpotted snakehead,C. punctata
Liver, kidney,
peritoneum, muscle, and
ovary

Local �sh market, Aligarh,
North India

Tissue damage, in�ltration immune cells cyst wall,
chronic in�ammation, granulomas. Liver degeneration
hepatocytes, cytoplasmic vacuolation, nuclear alterations,
mallory body formation, �brosis, necrosis. Kidney
distortion/dilation renal tubules, vacuolar degeneration,
hypertrophy/hyperplasia tubular epithelial cells,
occlusion tubules, �brosis, haemorrhage, congestion
glomeruli.

Shareef and
Abidi [1]

Euclinostomum heterostomumGuppy, P. reticulatacultured Muscle

Kidchakan Supamattaya
Aquatic Animal Health
Research Center, Songkhla,
southern Thailand

Abnormal swimming behaviour. Fish death severe
infection.

Suanyuk,
et al. [52]
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Table 2. Cont.

Species of Parasite Host Infected Site of Infection Geographical Locality Fish Pathophysiology Reference

Euclinostomum ardeolae Nile tilapia, O. niloticus Kidney The Nile, Egypt
Cysts embedded kidney exerting pressure on tissue,
black discolouration.

Tayel, et al.
[69]

Isoparorchis hypselobagri
(Billet, 1898) Ejsmont, 1932
(probably Isoparorchis
trisimilitubis )

Wallago, Wallago attu(Bloch &
Schneider, 1801)

Swim bladder India

Infected �sh unsuitable for human consumption. Patches
of black pigments in the muscles and viscera of its hosts.
Causes mortality and great economic loss. Adult
parasites excrete poisonous metabolic substances within
swim bladder. Ammonia is converted to urea. Urea high
depending on parasite number.

Adak and
Manna [70]

Isoparorchis hypselobagri
(probably Isoparorchis
trisimilitubis )

Wallago, W. attu Swim bladder India

Ammonia major excretory product. Amount of excreted
ammonia differs depending on parasite number.
Ammonotelic and ammonia can be formed by the action
of several enzymes in Schistosoma mansonias well.

Adak and
Manna [71]

Isoparorchis hypselobagri
(probably Isoparorchis
trisimilitubis or Isoparorchissp.
3)

Wallago, W. attu Swim bladder Dhaka, Bangladesh

Juvenile forms caused massive tissue damage, resulting
erosions and tunnels in musculature, exudate,
discoloration connective tissue, extreme melanisation,
mixed in�ammatory responses.

Alam [72]

Isoparorchis hypselobagri
(probably Isoparorchis
trisimilitubis )

Wallago, W. attu Air bladder
Kakraiya lake, Jahangirabad,
India

Inkspot disease.
Choudhary,
et al. [73]

Isoparorchis hypselobagri
(probably Isoparorchis
trisimilitubis )

Long-whiskered cat�sh,
Mystus aorsyn. Sperata aor
(Hamilton, 1822)Day's mystus,
Mystus bleekeri(Day, 1877)

Muscles, swim bladder,
visceral organs, body
cavity, viscera, some in
the mouth, urinary
system, biliary system,
ovaries

Kuliarchar & Upazila rivers,
India

Extensive tissue damage including in�ammation,
necrosis, and empty spaces with fragmented blood
capillaries, tissue debris, lymphocytes and �uids.
Infected liver, swim bladder and kidney showed
vacuolation and massive melanisation.

Farhana and
Khanum
[74]

Isoparorchis hypselobagri
(probably Isoparorchis
trisimilitubis )

Spotted snakehead,C. punctata
Fins, liver, ovaries,
abdominal cavity

Khookas bundh, Jaipur, India

Necrosis of �n tissues, scale loss. Necrotic areas with
extensive in�ammatory exudate formation were seen
throughout the viscera. Liver reduced in size.
Haemorrhage of intestinal wall.

Mahajan,
et al. [18]

Isoparorchis hypselobagri
(probably Isoparorchis
trisimilitubis )

Red-crowned roofed turtle
Kachuga kachugasyn. Batagur
kachuga(Gray, 1831)

Body cavity Hyderabad, India
N/D however this turtle is critically endangered in India
and likely extinct Bangladesh.

Simha [75],
Praschag,
et al. [76]

179



Diversity 2023, 15, 470 12 of 27

Table 2. Cont.

Species of Parasite Host Infected Site of Infection Geographical Locality Fish Pathophysiology Reference

Isoparorchis hypselobagri

Pungtungia herzi,Herzenstein,
1892Acheilognathus koreensis
syn. Tanakia koreensis(Kim &
Kim, 1990), Squalidus japonicus
coreanussyn. Squalidus
japonicus(Sauvage, 1883) and
Odontobutis platycephalaIwata
& Jeon, 1985

Muscle & lesions skin
Saengbiryang-myeon,
Sancheong-gun,
Gyeongsangnam-do, Korea

Inkspot disease, muscle and skin swellings and lesions.
Sohn and
Na [77]

Isoparorchis hypselobagri
(probably Isoparorchis
trisimilitubis )

Mystus seenghala, syn. Sperata
seenghala(Sykes, 1839)

Swim bladder
River Godavari, Rajahmundry,
India

“Ink spot disease”.
Vankara,
et al. [78]

Genarchopsis goppoOzaki,
1925

Striped snakehead,C. striata Intestine Warangal, India

Histopathological changes include shortening and
destruction of villi, vacuolation of sub mucous cells,
dilation of blood vessels thickening of muscles and
necrosis. In the infected �sh carbohydrates, glycogen,
protein and lipid contents are increased signi�cantly to
compensate for parasite presence.

Laxmareddy
and Benarjee
[17]

Genarchopsis paithanensis
Pardeshi & Hiware, 2012

Zig-zag eel, Mastacembelus
armatus(Lacep±de, 1800)

Intestine India
Damage sub and mucosal layer and dilation blood
vessels, destruction and extrusion of intestinal villi,
inframammary and hyperplastic �brosis.

Pardeshi
and Hiware
[79]

Genrachopsis goppo Striped snakehead,C. striata Intestine Warangal, India

Severe damage to villi and other layers of intestine.
Infections interfere with digestion and absorption of food
material causing metabolic disturbances. Excretory
products and metabolic end products excreted into
intestine produce toxicity, interfere with protein
metabolism of host. Host tissue may show decrease in
protein content.

Reddy and
Benarjee [16]

Genrachopsis goppo Spotted snakehead,C. punctata Intestine Kakatiya, India
Glycogen content increased during infections to
compensate for parasite needs.

Vinatha,
et al. [80]

Pallisentis(P.) nagpurensis
Bhalerao, 1931

Gibelion catla, Catla catlasyn.
Labeo catla(Hamilton, 1822)
and roho labeo, Labeo rohita
(Hamilton, 1822)

N/D Hyderabad, India
Overall protein in liver and intestine by 17%–26%.
Amino acids increased by 14%–48.8% with highest
increase in liver.

Kumar [81]
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Table 2. Cont.

Species of Parasite Host Infected Site of Infection Geographical Locality Fish Pathophysiology Reference

Pallisentis punctatin
(misspelling likely Pallisentis
(Brevitritospinus) punctati)

Spotted snakehead,C. punctata Digestive tract Hyderabad, India

Metabolic enzymes, succinate dehydrogenase and lactate
dehydrogenase activity higher in infected �sh. Oxidative
stress enzymes lipid peroxidation, glutathione
peroxidase and superoxide dismutase increased in
infected �sh.

Latha, et al.
[82]

Pallisentis(P) nagapurensis Striped snakehead,C striata Intestine
Warangal district, Andhra
Pradesh, India

Complete disruption intestinal mucosa and submucosa,
thickened lamina propria, damage epithelial cells,
mucosal folding & clumps. Villi shrunken, infected
intestine enlarged and slightly in�amed.

Laxma
Reddy and
Benarjee [83]

Pallisentis(P) celatus(Van
Cleave, 1928) Baylis, 1933

Asian swamp eel, Monopterus
albus(Zuiew, 1793)

Intestine N/D
Mechanical damage to intestinal epidermis & muscle
layer.

LI Chun-tao,
et al. [84]

Acanthocephalan species not
speci�ed

Spotted snakehead,C. punctata Intestine River Gomti, Lucknow, India
Damage of intestinal tissues, shortening of villi,
granuloma site of attachment. Erosion villi tip, necrosis &
hyperplasia.

Verma and
Saxena [85]

Sengasp. Dollfus, 1934
Zig-zag eel, M. armatus&
Snakehead,Channasp. Scopoli,
1777

Intestine Maharashtra State, India Damage intestinal villi, granuloma site of attachment.
Bhure and
Nanware
[86]

Senga mastacembelusaesp. nov.
(not a valid species but Senga
sp. likely)

Zig-zag eel, M. armatus Intestine Godavari Basin, India

Signi�cant mechanical damage. Scolex deeply
penetrating intestinal layers & damage mucosa,
submucosa, muscularis mucosa. Intestinal villi
architecture destruction & granuloma at scolex
attachment.

Fartade and
Fartade [87]

Senga rostellarae(probably
Senga pahangensisor Senga
�liformis )

Indonesian snakehead,Channa
micropeltes(Cuvier, 1831)

Intestine Kenyir Lake, Malaysia

Intestine with severe villus damage, destruction of villi
epithelium and necrosis. Cross section of cestode showed
increase of goblet cells and generated necrosis and severe
damage to �sh intestine. Conditions likely cause of death
in �sh due to haemorrhage and malabsorption of
nutrients.

Hassan, et al.
[88]

Sengaspecies (probably Senga
malayanafor C. striataand
Senga vishakapatnamensisfor
C. punctata)

Striped snakehead,C. striata&
spotted snakehead,C. punctata

Intestine Unknown

Excess mucus secretion, severe degeneration and
necrosis in mucosal, submucosal, serosa layer and
muscular layers at attachment. Ruptured serosa layer,
vacuolization in tunica muscularis and lamina propria,
shortened, fused and irregular shaped villous processes.

Kaur [89]
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Table 2. Cont.

Species of Parasite Host Infected Site of Infection Geographical Locality Fish Pathophysiology Reference

Sengasp. Zig-zag eel, M. armatus Intestine India
Shortening, �attening and damage of villi and cyst
formation in the intestine of �sh.

Nanware
and Bhure
[90]

Sengasp. Striped snakehead,C. striata Intestine Kaigaon Toka, India

Mechanical damage to intestinal tissue including
shortening & damage to villi, thickening of the muscle
layer, destruction of villi, hold fast penetration of the
mucosa & damage to mucous & submucous
membranes.

Shirsat, et al.
[91]

Sengasp.
Siamese �ghting �sh, Betta
splendens

Intestine Aurangabad district, India
Destruction & extrusion of intestinal villi, �broblast cell
& plasma cell.

Wankhede,
et al. [92]
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3.3.2.Genarchopsissp. Pathophysiology

Genarchopsissp. are digenetic trematodes of family Derogenidae which infect freshwa-
ter �sh distributed throughout Japan, South East Asia [ 93] and the Indian sub-continent [ 17].
Lifecycle information may be incomplete due to possible misidenti�cation of Genarchopsis
sp. Supplementary Table S1 (S1) includes synonymised species. Severe histopathology
has been described in both striped and spotted snakehead, Channasp. Scopoli, 1777 in
India. Reddy and Benarjee [16] demonstrated infection of the intestine with G. goppore-
sulted in severe intestinal damage which limited food digestion and protein absorption and
Laxmareddy and Benarjee [17] observed intestinal necrosis. In infected snakehead, carbo-
hydrate, glycogen, protein and lipid production are increased signi�cantly to compensate
for parasite needs [80] and host tissue showed a decrease in protein [17].

The liver is the principal organ of glucose homeostasis and lipid storage [ 54] and the
cascade of increased metabolic changes described by Vinatha, et al. [80] is indicative of
parasite-induced physiological challenges in �sh [ 94]. Lipids are crucial for �sh growth,
reproduction, vision, osmoregularity, thermal adaptation and immune response [ 95]. If
a consequence of �sh parasitism by Genarchopsisspp. is mobilisation of lipid reserves
and increased glucose homeostasis it is expected that aquaculture and native �sh species
will exhibit decreased growth, compromised immune function and reduced fecundity.
Reddy and Benarjee [16] comment that G. goppoexcretory products produce toxicity in the
host intestine which aligns with reports of ammonia excretion in other digenetic species
Isoparorchissp. and Schistosoma mansoni[71].

3.3.3.Isoparorchissp., Southwell, 1913, Pathophysiology

Isoparorchisspecies are digenetic trematodes of family Isoparorchiidae. Shimazu,
et al. [39], using a combined morphological and molecular method, provided clarity to
the species within the genus Isoparorchisand conclusions in the study point to member
species being regionally endemic. Infection with Isoparorchisspp. may result in “Ink spot
disease” [73,78] which manifests in characteristic patches of black pigment in host �sh
muscle, viscera and �ns often causing scale loss [70,71]. Migrating juvenile metacercaria
cause massive tissue erosion and tunnels in �sh musculature and necrosis at the site of
infection with abundant in�ammatory exudate [ 72]. Infection may lead to economic loss
due to the death of aquacultured �sh [ 18]. Adult parasites excrete ammonia in infected
�sh [ 70,71] and ammonia is recognised as extremely toxic to �sh if allowed to accumulate in
the body [ 96]. The teleostean gills are the major site of ammonia excretion; however, smaller
quantities of ammonia are excreted by the kidneys [ 97]. It is assumed the signi�cant physical
damage to the kidney described by Mahajan, et al. [ 18] and Farhana and Khanum [ 74]
would limit the ability of infected �sh to effectively excrete ammonia. Parasitisation of the
spleen has also been reported with a signi�cant decrease in mean corpuscular haemoglobin
(MCH) [18,74].

3.3.4.Pallisentis(P.) and Pallisentis(B.) Pathophysiology

Pallisentis(B.) and Pallisentis(P.) are acanthocephalan parasites which infect fresh-
water �sh. The pathogenicity of adult acanthocephalans is determined by the magnitude
of infection and the extent of mechanical damage exerted by proboscis hooks and the collar
and trunk spines which penetrate at the site of attachment [ 98,99]. Figure 2F,G illustrate
the invasive potential of the proboscis hooks and collar spines and in cases of heavy �sh
infection, it seems clear that mechanical damage may result at the site of attachment. Sig-
ni�cant damage to intestinal structure and villi accompanied by necrosis and hyperplasia
is associated with Pallisentis(P.) and Pallisentis(B.) in �sh [ 83–85]. In a study of cultivated
fresh water �sh, Catla ( Gibelion catla) and roho labeo (Labeo rohita) infected with Pallisentis
nagpurensis(syn. (P.) nagpurensis) Bhalerao, 1931 the pathological damage observed in
the �sh hosts correlated with appreciable changes to protein and amino acid metabolism.
Both of these metabolic pathways are associated with tissue repair mechanisms following
parasitism [81]. This is supported in Latha, et al. [ 82] who found carbohydrate metabolism
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and lipid peroxidation signi�cantly increased in spotted snakehead infected with Pallisentis
(B.) punctati Gupta, Gupta & Singhal, 2015 in response to parasite-induced damage and
physiological stress. Verma and Saxena [85] found acanthocephalan infection in spotted
snakehead damaged intestinal digestive and absorptive ef�cacy and affected �sh general
health and growth. Plasma loss from the intestine at the site of parasite attachment has
also been widely reported in �sh infected with acanthocephalan parasites [ 100,101]. Fish
infection correlated with a decrease in �sh body lipids [ 102] and stored energy [103]. Lipids
in �sh are signi�cant in�uencers of reproduction, growth, immune response, osmoregular-
ity behaviours, vision and thermal conversion [ 95]. It is expected that a depletion in lipid
reserves would have a great impact on production of commercial species and survival of
native �sh populations.

3.3.5.SengaSpecies Pathophysiology

Sengaspecies of family Bothriocephalidae [ 104] are cestodes of freshwater �sh [ 105].
Great taxonomic uncertainty exists in genera Sengawith many species identi�ed morpholog-
ically as novel based on extremely minor differences in morphological and morphometric
characteristics. Table S1 includes species which have been synonymised. There are still a
number of new species of Sengayet to be con�rmed as valid. At present, there are 16 valid
Sengasp.

Sengasp. attach to the submucosal intestinal surface of the �sh with a scolex which has
~30–70 rostellar hooks depending on the Sengaspecies [45]. Intestinal mechanical damage
described in �sh hosts [ 87,91] appears commensurate with such an invasive hold fast organ.
Excess mucus secretion degenerating to necrosis in the intestinal mucosal, submucosal
and serosa layer has been reported [89,91]. Histopathology reports of infected intestine
describe ruptured serosal layer, vacuoles in both the lamina propria and tunica muscularis,
signi�cant damage and necrosis to intestinal villi [ 88–90]. Destruction of intestinal villi is
conspicuous in �sh infected with Sengasp. [86–88,106].

The integrity of the �sh intestine is fundamental to maintaining �sh health. The
interaction between a healthy intestinal microbial population is essential to a functional
innate and adaptive immune system [ 107]. Feed digestibility and absorption through
intestinal barriers is a consequence of the absorptive area of villi [ 108]. This is supported in
Hassan, et al. [88], Shaharom [106] and Shirsat, et al. [91] who concluded that the damage
to the intestine caused by Sengasp. was consistent with an outcome of �sh death due
to haemorrhage and/or malabsorption of nutrients. In aquaculture systems economic
loss due to growth retardation, increased mortality, increased pathogen susceptibility and
reduced quality of edible �esh have been described [86,87].

4. Discussion

In the present study Pallisentis, Sengaand Genarchopsisspecies were identi�ed in
imported edible consumer ready Channa�sh from Country 22. Together with Euclinostomum
and Isoparorchisspecies identi�ed in a previous study [ 31] of imported �sh, all parasite
species have been demonstrated to cause severe pathophysiology in infected �sh. It must be
clearly stated that the �sh examined in both studies were frozen and providing appropriate
freezing temperature was maintained along the supply chain the parasite risk has been
effectively negated. However, at the time this study was conducted (2020), �sh were
permitted entry into Australia fresh or chilled and this affects the infective potential of all
parasites described. However, presence of a parasite in imported edible �sh is only a threat
to Australian native and commercial aquatic species if a viable exposure pathway can be
identi�ed and there are suitable hosts for parasites to successfully complete their life cycle
and become established. In Sections 3.3.1–3.3.5 the pathophysiology of �sh infection with
each respective parasite is detailed and in Section 4, viable exposure pathways and aquatic
creatures present in Australia which may be vulnerable to infection are discussed.

Parasites endemic to Australia share evolutionary pathways with native �sh, are a
natural component of the ecosystem, and interactions between parasite and host �sh are
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considered to produce non-clinical or non-pathogenic infections [ 109]. However, alien
parasites introduced to a new geographical location may cause disastrous clinical outcomes
in indigenous �sh species, the hypothesis being that naïve �sh lack innate immunity to
the alien parasite [7,110,111]. Extreme clinical outcomes and mortality in indigenous �sh
populations can be exacerbated when introduced parasites have low host speci�city/host
switch and are able to infect multiple indigenous �sh species [ 7,112,113], are introduced to
countries with phylogenetically homogenous native/introduced aquatic fauna [ 5] and are
highly fecund and reproduce rapidly [ 111,114]. Alien parasites, for example Isoparorchis
species, which have as yet unrecognised potential to reach maturity in humans/other
mammals/aquatic creatures may also cause widespread environmental contamination,
exposing indigenous �sh species to infection.

There are ~280 species of Australian native �sh and 22 of these are at various stages of
population vulnerability [ 115,116]. The concomitant health impacts on �sh infected with
parasites discussed in this study may include retardation of �sh growth, increased mortal-
ity [ 55,56,91,95], impaired fecundity, decreased thermal adaption, compromised immune
response, poor food conversion [17,74,80,85,94,95], ammonia accumulation, decreases in
blood MCH [ 18,71,74], loss of marketability [ 78,80] and other negative health indicators.
The pathophysiology of infection described in this manuscript pertains, in the main, to �sh
species which are the natural hosts for each parasite. Evidence therefore suggests that the
clinical outcomes for naïve Australian �sh would be devastating if these parasites were to
be introduced.

Table 2 and Figure 4 include host and parasite lifecycle information relevant to the
discussion. At present Euclinostomumhas not been reported in native or aquacultured
�sh in Australia. However, co-infection of E. heterostomumand Clinostomum tilapiaeis
reported in Mozambique tilapia ( O. mossambicus) from South Africa [ 51]. Co-infection of
E. heterostomum, C. tilapiaeand Clinostomum complanatum(Rudolphi, 1814) Braun, 1899
has been reported in redbelly (Tilapia zillii ) from Iran [ 21]. The demonstrated co-infection
potential of Euclinostomumand Clinostomumis supported by conclusions in Shareef and
Abidi [ 49] who describe a shared “functional and evolutionary signi�cance” between
the closely related genera. Co-infection of Euclinostomumand Clinostomumhas also been
identi�ed in the piscivorous little egret [ 117]. Both Mozambique tilapia ( O. mossambicus)
and redbelly tilapia ( Tilapia zillii syn. Coptodon zillii) are highly suitable hosts and have
been introduced into Australia. Successful breeding populations have been established at
a number of localities in Queensland, Victoria and Western Australia [ 118]. Of particular
concern for Australian native �sh and regional aquaculture are populations of Mozambique
tilapia ( O. mossambicus) within 3 km of the Murray–Darling Basin (MDB) [ 118]. Clinostomum
complanatumwas recorded in the body cavity of Mozambique tilapia ( O. mossambicus) from
Queensland waters [119]; however, so far E. heterostomumhas not been identi�ed. Tilapia
(Oreochromisspecies) and other cichlid �sh belong to family Cichlidae. Cichlids are also
vulnerable to infection with E. heterostomum[120–122]. Approximately 17 species of cichlids
have been introduced to Australian waterways [ 123]. Euclinostomumis considered to have
little host speci�city [ 50] and although Cichlidae �sh appear to be the preferred host this
genus of parasite has also been identi�ed in gourami TrichopsisCanestrini, 1860 species,
crescent bettaBetta imbellis[124] of family Osphronemidae, the guppy ( Poecilia reticulata,
family Poeciliidae) [52] and air-breathing cat�sh ( Clariasspecies, family Clariidae) [67].
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Figure 4. The respective basic life cycles for each parasite species. Black arrows indicate Euclinos-
tomumsp. with a broken black line for zoonotic potential without proven cases of human infection;
green arrows show Isoparorchissp.; yellow arrows indicate Genarchopsissp.; tan is Sengasp. and
purple Pallisentissp.

Neither of the freshwater snails which serve as intermediate hosts to E. heterostomum
have been identi�ed in Australia. However, Indoplanorbissp. Annandale & Prashad,
1921 andLymnaeasp. Lamarck, 1799 snails were collected from gill mud of edible �sh
imported into Australia in Williams, et al. [ 30]. In Australia, the temperate indigenous
freshwater snail, Lymnaea tomentosasyn. Austropeplea tomentosa(L. Pfeiffer, 1855), the
introduced Lymnaea viridissyn. Orientogalba viridis(Quoy & Gaimard, 1832) and Lymnaea
columellasyn. Pseudosuccinea columellaSay, 1817 serve as suitable intermediate hosts for
Fasciola hepaticaLinnaeus, 1758 [125]. It is considered, if viable Euclinostomummetacercariae
were introduced into Australia, there could be suitable host �sh/snail species to establish
a lifecycle. Co-introduction of the snail intermediate hosts may enhance this potential.
Certainly, Australia hosts numerous species of heron and cormorants as well as cattle
egrets [126] which are recognised as suitable de�nitive hosts for this parasite [ 127–130].
Mashego and Saayman [65] concluded heavy infestations are likely to occur in ponds
where a suitable snail intermediate is present, making impounded native and aquaculture
species vulnerable. As noted by Bhargavi, et al. [58] �sh become lethargic when heavily
infected and this may facilitate the transmission potential to piscivorous birds. In a study
of little egrets captured at a �sh farm in Egypt Euclinostomumwas the most prevalent
(44%) [117] parasite identi�ed. In addition, metacercariae encysted in �sh may result in
loss of consumer con�dence and market value [1,21,64].

Genarchopsisspecies have not been described in Australia. Only one species of �sh iden-
ti�ed as a suitable host in Bangladesh, the tank goby Glossogobius giuris(Hamilton, 1822), is
found in Australia [ 131]. However, Australia does host eight other species belonging to
the genus GlossogobiusGill, 1859 [132–134] which may be suitable hosts of Genarchopsissp.
In Japan,Tridentigersp. are susceptible to infection. Tridentiger trigonocephalus(Gill, 1859)
was introduced into Australia via eggs/and or larvae in ship ballast water or adhered to
oyster shells [135]. It is unknown if a brackish water species of �sh could be a suitable
host for this parasite. Fish of family Channidae from the Indian sub-continent have been
widely described as suitable hosts for Genarchopsissp. Abol-Muna�, et al. [ 136] indicates
that snakehead of Channagenus have been released into the Australian environment by �sh
enthusiasts. However, the veracity of this report could not be con�rmed. There is also an
anecdotal report of striped snakehead (Channa striata) found in QLD [ 137]. The freshwater
snail Gabbia travancorica(W. H. Benson, 1860), according to Bagni and Galli [138], has not
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been identi�ed in Australia. However, there are 21 species of GabbiaTryon, 1865 widely
distributed around Australia which may prove to be suitable intermediate hosts. There is
only one record of the second intermediate ostracod host Stenocypris malcolmsoni(Brady,
1886) in Australia [ 139] and no record of Eucypris capensisDaday, 1910 (sensu Martens 1986).
However, Eucypris virens(Jurine, 1820) [140], Eucypris lateraria(King, 1855),Eucypris crinita
(Henry, 1923), Eucypris pratensisEagar, 1970 andEucypris thomsoniChapman, 1963 have
been identi�ed in the Australasian Region [ 141]. Australia has availability of closely related
�rst and second intermediate hosts and �sh species susceptible to infection. Channaspecies
in all Australian states apart from Northern Territory are restricted species. The potential
threat of Channasp. illegally brought into Australia and propagated for food [ 142] should
be noted particularly as species within this genus in previous studies were identi�ed as
highly parasitised with a great diversity of parasites [30].

Only Isoparorchis tandaniJohnston, 1927 is present in Australia and it is unknown if
intermediate hosts within the lifecycle of I. tandaniwould be suitable for imported species
of Isoparorchis. Isoparorchissp. in Bangladesh is the exception to regional endemicity [ 39]
with less host speci�city demonstrated. In Bangladesh, host �sh include two species
of family Channidae, two from family Schilbeidae, and one representative each from
families Bagridae and Siluridae [ 39,143,144]. This may be partially accounted for by the
identi�cation of two species of this parasite in Bangladesh, Isoparorchis hypselobagri(Billet,
1898) Ejsmont, 1932 redescribed asIsoparorchis trisimilitubisSouthwell, 1913 or Isoparorchis
sp. 3 [39]. Isoparorchissp. have also been identi�ed in the stomach of a crocodile (Assam,
India) [ 75], the body cavity of the red-crowned roofed turtle ( Kachuga kachugasyn. Batagur
kachuga(Hyderabad State, India)) [ 75,76], the intestine of a checkered keelback snake
Tropidonotus piscatorsyn. Xenochrophis piscator(Schneider, 1799) (Hyderabad, India) [145]
and encysted in the liver of the Indian bullfrog Rana tigrinasyn. Hoplobatrachus tigerinus
(Daudin, 1802) (India) [ 146]. Isoparorchissp. identi�ed in the stomach or intestine of species
other than �sh is considered to be a result of consumption of parasitized �sh. However,
where metacercariae have encysted in the liver or migrated to the body cavity it suggests
these species may be suitable hosts for this parasite. The reports of aberrant hosts in
India and Bangladesh may support a hypothesis that Isoparorchissp. in these countries are
less host speci�c and may pose a threat to Australian �sh, freshwater turtles or frogs if
introduced. Species of bullfrogs belonging to Hoplobatrachusand turtles of Batagurspecies
are not identi�ed in Australia. However, there are many freshwater frogs and turtles with
a critical, near threatened or vulnerable conservation status [ 147,148]. In addition, viable
reproducing adult Isoparorchissp. have been recovered from humans in India [ 18,149,150],
China [151] and a pig in India [ 152]. No record exists in Australia of human infection
from I. tandani. It is possible that species of Isoparorchisfrom India or China are able to
reach maturity, or survive for prolonged periods, in mammals. A viable reproducing adult
digenean has been retrieved from the gall bladder of the pig in India [ 152] which shows
that migration from the stomach has occurred and in Manipur, India reproducing adult
Isoparorchishave often been retrieved from human patients after treatment [ 149]. Ashford
and Crewe 2003 also report expelled adult worms from humans following treatment [ 151].
Should mammalian infection occur broad environmental contamination may result from
parasite eggs shed in faeces. Recovery ofIsoparorchiseggs from human faeces has also been
reported [151,153].

Infestation renders the �sh visually unacceptable for human consumption [ 71]. Com-
pounds such as ammonia generated through �sh spoilage is a signi�cant problem in the
food industry and is associated with human health problems which include diarrhoea,
vomiting, oedema and hypotension [ 154]. It is unknown how ammonia, the major excretory
product of Isoparorchisin �sh [ 71], would affect spoilage of commercial species and if this
compound may be responsible for cases of human infection described in literature.

Smales, et al. [155] conducted a comprehensive study of acanthocephalans infecting
Australian freshwater �sh. Species of Pallisentis(B.) and Pallisentis(P.) were not identi�ed
nor were any acanthocephalans belonging to the same order. Cyclops strenuousFischer,
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1851 is also absent from Australia; however, there are many freshwater invertebrate species
introduced or native to Australia which may have potential to become suitable hosts.
According to Smales, et al. [155] acanthocephalans introduced into Australia may be unable
to establish in native freshwater �sh species due to the dry climate, and absence of suitable
invertebrate intermediate hosts. Many acanthocephalans manipulate host behaviours to
ensure infected intermediate hosts are preferentially consumed [ 156–158]. In addition,
acanthocephalans have unique adaptions which place their eggs in the most advantageous
place to be consumed by intermediate hosts [159,160]. The egg of Pallisentis(P.) nagpurensis
demonstrates this type of adaption [ 161]. In the absence of a suitable �sh host in Australia
is seems unlikely these genera of acanthocephalans would develop a successful life cycle
if introduced.

There has so far been only one report of Sengaspecies in Australia. Senga scleropagis
was identi�ed by Blair [ 162] infecting the intestine of freshwater �sh, Southern saratoga
Scleropages leichardtiGünther, 1864, from the Wenlock River, Cape York peninsula, Australia.
This species is considered valid in Kuchta [ 104]. It is unknown if Sengasp. are widespread
amongst Australian freshwater �sh or if the lack of any report since Blair in 1978 is a
re�ection of fewer studies in the parasite fauna of freshwater �sh. However, M. leuckarti
syn. M. leuckarti leuckarti(Claus, 1857) has been described as the dominant copepod
zooplankton in various freshwater bodies of Australia [ 163–165]. Thermocyclops crassussyn.
T. crassus crassus(Fischer, 1853) along with four other ThermocyclopsKiefer, 1927 copepod
species have been described in Northern Queensland and in the same studyT. rylovi an East
African/Central and South Asian species was described for the �rst time in Australia [ 166].
All are drought and salinity tolerant copepod species [167].

The Bonylip barb Osteochilus hasseltiisyn. O. vittatus (Valenciennes, 1842), a cyprinid
�sh species, Malaysia, has been identi�ed highly infected with plerocercoids of Senga
species. Several cyprinid species of �sh have been introduced to Australia via the aquarium
trade; the common gold�sh, Carassius auratus(Linnaeus, 1758), Common carp,Cyprinus
carpioLinnaeus, 1758 [5], Rosy Barb,Puntius conchoniussyn. Pethia conchonius(Hamilton,
1822), Roach,Rutilus rutilus (Linnaeus, 1758) and TenchTinca tinca(Linnaeus, 1758) [168]. It
is therefore possible that a successful lifecycle may establish more broadly across Australia if
other Sengaspecies were introduced. Bothriocephalideans are in general stenoxenous [104].
It is important that a suitable copepod and �sh host be present in Australia for a Sengasp.
successful lifecycle to establish.

5. Conclusions

There seems little doubt that the costs to aquatic, human and animal health of intro-
duced parasites can be enormous. The challenge to Australian biosecurity is to anticipate
and respond to a myriad of threats posed by parasites and the commensals hidden in im-
ported seafood products and packaging. Australian importation commodity codes (2020)
indicate these edible parasitised �sh may be imported fresh or chilled. Mud, snails, other
debris, vegetation and food remains have been previously identi�ed in �sh packaging of
infected �sh [ 30] and parasites identi�ed in viscera, which was required to be removed, in
consumer-ready �sh imported into Australia [ 30]. The Australian biosecurity risks could
certainly be mitigated with greater support for �sh processors in the exporting country to
reach food safety compliance.
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Chapter 8 Discussion and general conclusions 

Zoonotic parasites and bacteria are gaining entry into Australia in or on selected imported FP 

and many of these products have been HACCP certified. It is unknown if the many breaches 

to Australian importation biosecurity, identified in this Thesis, is a result of intentional 

disregard or due to inexperience and/or poor regulatory control during and after processing. In 

relation to the large quantity of FP Australia imports yearly, this Thesis only investigated a 

minute amount and due to the design of the two risk scoring systems, results from this project 

are naturally biased towards high risk origins. However, results obtained from this study, 

although limited, may be used to warrant the need for a more robust investigation and to extend 

the current food safety inspection procedures and testing protocols for FP imported into 

Australia. This study also clearly highlighted one country which may need additional assistance 

to reach food safety compliance, including on-farm management of gastropods, training of fish 

processing staff and improved regulatory scrutiny. This may be an ideal opportunity for 

Australia to strengthen the relationship between trading partners by assisting a developing 

country to reach better food safety compliance. This Thesis includes five investigative Chapters 

and generated nine manuscripts (inclusive of three in the Appendices). Six manuscripts in the 

main body of the Thesis and two in the Appendices have been published and one in the 

Appendices is under review. This Thesis includes one additional investigation which is not 

published but has been included in the Appendices. Discussion of this investigation has been 

included in Chapter 8 of this Thesis as it is considered of significant value to future researchers. 

AIM 1 (Chapter 3): To estimate and prioritise according to potential risk the species of edible 

wild caught FP, country of origin and quantity of illegal, unreported and unregulated products 

which may be unintentionally imported into Australia. 

Illegal fishing not only threatens fish stocks and marine ecosystems globally but also, according 

to Agnew et al. (2009), seriously disadvantages the economic development of many fishing 

communities. Agnew et al. (2009) considers that 10�±22% of total global fisheries production 

is product of IUU fishing and according to Fox et al. (2018) these FP are absorbed into covert 

seafood supply chain. It must be considered that illegally sourced FP may have bypassed the 

exporting countries testing procedures for parasites and bacteria and may pose a health threat 

to consumers in Australia. This Thesis was the first independent study which used a novel 

scoring system, Chapter 3, to justify examination of canned imported FP for Anisakis simplex 
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DNA. The investigation describing identification of Anisakis simplex DNA is included in the 

Appendices. 

The scoring system developed for Chapter 3 used seven predictor variables to score the 

outcome variable of �µIUU or unreported catch high risk�¶. The scoring model was developed to 

justify examination of wild caught FP for zoonotic parasites. Provenances 30 and 67, the 

highest and second highest scoring countries, had 39.8% and 41.55% unreported catch (UC), 

respectively. The tenth highest scoring country had 6.9% UC. Using linear regression analysis, 

this study identified that, contrary to some published reports, a significant association between 

size of EEZ and UC could not be found. This study also highlighted that the number of different 

commercial species within an EEZ was the greatest influencer of UC. Validation of the scoring 

model as an accurate identifier of unreported catch (UC) was also achieved. A linear 

relationship was shown between mean provenance scores and percentage of UC. Analysis 

showed that for every unit increase in the number of different commercial species available in 

the EEZ an increase of 5.28 units in the percentage of UC was demonstrated.  Highest scoring 

countries 1-5 and 6-10 had a decrease in mean scores of 79.4% between the two groups and a 

similar decrease in UC between the two groups of 33.7% and 15.5%, respectively. The highest 

scoring countries predominantly export canned or processed FP to Australia. The scoring 

model was shown to be a good predictor of UC. Results from this Chapter were used to target 

FP from high risk countries. High risk counties, as identified by the scoring system, 

predominantly export canned FP to Australia. 

The scoring model in Chapter 3 of this Thesis was a good indicator of undeclared catch and 

therefore achieved the single purpose of this study, which was to provide justification for 

examining marine FP imported into Australia. This scoring system was not designed to be used 

as an ongoing tool to provide justification for examining imported FP in the future. Published 

literature supports the use in this Thesis of a single objective scoring model. Single objective 

scoring models have been used to assess and report the many drivers of IUU fishing 

(Petrossian, 2015), the relationship between ports of convenience and IUU fishing (Petrossian 

et al., 2015), monetary influencers of IUU fishing (Agnew et al., 2009) and labour abuses 

associated with IUU fishing (Selig et al., 2022).  

A limitation of the scoring system was that data sources for each predictor variable were 

extremely time consuming and laborious to access and record. However, having tabled the data 

for this Thesis it would be possible to add annual updates to the data sets and recalculate high 
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risk countries for UC. It would be beneficial to weight the predictor variables used in the 

scoring system as some, IUU fishing for example, appeared to have more influence on UC than 

others. Collins et al. (2021) and Desai and Shambaugh (2021) used weighted predictor 

variables in a scoring model designed to better understand the drivers and global impact of IUU 

fishing. An improvement which could be made to presenting results of the data from the scoring 

model in this Thesis in future studies �L�V���D���µ�F�R�U�U�H�O�D�W�L�R�Q���P�D�W�U�L�[�¶�����7�K�H���G�D�W�D���V�H�W�V���I�R�U���W�K�H���V�F�R�U�L�Q�J��

�V�\�V�W�H�P���Z�H�U�H���H�[�W�H�Q�V�L�Y�H���D�Q�G���D�� �µ�F�R�U�U�H�O�D�W�L�R�Q���P�D�W�U�L�[�¶���Zould have summarised the data well and 

shown visual data patterns. Collins et al. (2021) used multiple predictor variables to examine 

the drivers of IUU fishing and presented results in a correlation matrix. Alebachew et al. (2022) 

also presented results in a correlation matrix to show factors, such as IUU fishing, which 

contribute to the abundance, distribution, and diversity of fishes in a lake region of Ethiopia. 

An interesting finding of Chapter 3 is that size of the EEZ did not appear to influence the 

targeting of commercially important fish species by IUU fishing. The rationale often 

considered within the forensics of IUU fishing is that a larger EEZ is difficult for patrol vessels 

to monitor or is limited by patrol boats at the disposal of the respective country (MRAG, 2005). 

Agnew et al. (2009), in a study to estimate the extent of IUU fishing globally, found a 

�V�L�J�Q�L�I�L�F�D�Q�W���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���W�K�H���µWorld Bank govern�D�Q�F�H���L�Q�G�L�F�D�W�R�U�V�¶���D�Q�G���W�K�H���µCorruption 

Perceptions index�¶���� �7�K�L�V�� �P�D�\�� �L�Q�G�L�F�D�W�H�� �W�K�D�W�� �,�8�8�� �I�L�V�K�L�Q�J�� �L�V�� �P�D�L�Q�O�\�� �L�Q�I�O�X�H�Q�F�H�G�� �E�\�� �U�H�J�X�O�D�Wory 

weakness and an intended failure of the respective country to patrol their EEZ. This 

demonstrates that more sophisticated statistical analysis of data could have been employed in 

this Thesis, to not only identify high risk countries for UC but also the variables which most 

influenced UC. The �µ�&�R�U�U�X�S�W�L�R�Q�� �3�H�U�F�H�S�W�L�R�Q�V�� �L�Q�G�H�[�¶ was used to score predictor variable 5, 

�µCorruption�¶�����L�Q���W�K�L�V��Chapter. If this scoring system were to be revisited it would be beneficial 

to include �µ�:�R�U�O�G���%�D�Q�N���J�R�Y�H�U�Q�D�Q�F�H���L�Q�G�L�F�D�W�R�U�V�¶��data according to Agnew et al. (2009). 

AIM 2  (Chapter 4): To prioritise the examination of edible freshwater FP imported into 

Australia, based on supply chain risk factors for country of origin and to report supply chain 

breaches which are inconsistent with Australian importation policies for respective FP. 

In Australia, 70�±75 per cent of all FP consumed are imported (Senior & Stewardson, 2019). 

Therefore, verifying the safety of the imported product is of importance. The majority of the 

imported and commercially important FP purchased by Australian consumers are product of 

fish farming (FRDC, 2020). The safety of farmed fish may be compromised by many factors. 

Lack of expertise in fish husbandry, injudicious chemotherapy use, unacceptable water quality, 
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inexperienced employees including child labour and fish overcrowding, which compromises 

the immune response of the fish, are all factors which compromise the safety of farmed FP 

(Williams et al., 2021b). Any breaches of these factors during production may increase the risk 

of zoonotic parasite/bacterial contamination of FP (Al-Harbi et al., 2016., Li et al., 2020). This 

Thesis was the first to use a novel scoring system to justify examination of imported freshwater 

FP for parasites/bacteria. 

This study investigated supply chain breaches in freshwater FP imported into Australia. 

Justification for targeting specific freshwater FP from �µFreshwater fish high risk�¶���F�R�X�Q�W�U�L�H�V���Z�D�V��

achieved by developing a supply chain risk scoring system which utilised six predictor 

variables. A total of 67 Pangasiidae fish fillets (9.55kg) and 562 (5.6kg) whole fish which 

included fish of families Cyprinidae, Channidae and Bagridae were examined. Supply chain 

breaches of twenty-eight macroscopic yellow cysts in one fillet of Pangasiidae FP were 

identified from Country 20 (unique anonymous Country identifier). A great variety of supply 

chain breaches were identified in FP from Cyprinidae, Channidae and Bagridae FP (Country 

22). Two hundred and thirteen parasites were collected, provisionally identified, and stored for 

identification in Chapters 6 and 7. Supply chain breaches of retained liver (91%), visible mud 

(11%) and a variety of debris (16%) were observed in FP from Country 22. Depending on the 

Australian importation commodity codes, full intestine (90%), retained gills (89%) and partial 

intestine (9%) were also observed in FP from Country 22. Three serious physical hazards, 

�U�X�V�W�H�G�� �I�L�V�K�� �K�R�R�N�V���� �Z�H�U�H�� �U�H�F�R�Y�H�U�H�G�� �I�U�R�P�� �W�K�U�H�H�� �µ�F�R�Q�V�X�P�H�U�� �U�H�D�G�\�¶�� �I�L�V�K���� �6�Q�D�L�O�V�� �R�I�� �W�K�H�� �*�H�Q�X�V��

Lymnaea and Indoplanorbis, which are intermediate hosts for a variety of pathogenic zoonotic 

flukes were also identified in this study from the gill mud of some entire FP. Statistical 

evaluation showed that poor processing of consumer ready fish, where entire or partial 

intestines were retained, was significantly associated with the occurrence of some parasites and 

that either full or partially retained intestines affected the parasite species which were present. 

The study also showed that improperly cleaned fish, where mud was identified, was statistically 

associated with presence of parasites, presence of digeneans and of acanthocephalans. 

The scoring system in Chapter 4 of this Thesis was used to identify countries high risk for 

supply chain breaches and to justify examination of freshwater FP imported into Australia. 

This investigation was hampered due to Covid and the lack of imported FP from many high-

risk countries. There were many serious breaches to Australian food biosecurity identified. 

Despite this, results from such a small sample size are not powerful enough to validate the 

scoring system. It is considered that the scoring system is robust and would be of great value 
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to enable re-examination of FP from high risk countries now that a greater variety of imported 

FP are available in Australia. The data sets for this investigation were again time consuming 

and laborious to compile however the data sets could be updated annually to rescore high risk 

countries. The predictor variables could also be weighted as per Desai and Shambaugh (2021) 

and Collins et al. (2021) �D�V�� �µ�X�Q�V�N�L�O�O�H�G�� �O�D�E�R�X�U�¶�� �D�Q�G�� �µ�U�H�J�X�O�D�W�R�U�\�� �Z�H�D�N�Q�H�V�V�¶�� �D�S�S�H�D�U�� �W�R�� �K�D�Y�H�� �D��

significant influence on the supply chain breaches identified in this Thesis. The statistical 

approach in this study employed logistic regression analysis to investigate associations 

between breach type (debris present, gastrointestinal tract present etc) and fish 

species/parasites. The statistical analysis may be improved in future studies by employing 

multinomial logistic regression analysis to more fully explore the importance of all outcomes. 

Multinomial logistic regression analysis has been used as the statistical method in a broad range 

of published FP and food production/conservation focused studies (Avila-Forcada et al., 2012; 

�G�¶�$�U�P�H�Q�J�R�O���H�W���D�O�������������������+�L�J�J�L�Q�V���H�W���D�O�������������������0�D�F�X�V�L���H�W���D�O�������������������0�L�Q�H�W�R�V���	���3�R�O�\�]�R�V��������������. 

�$�Q���L�P�S�U�R�Y�H�P�H�Q�W���R�Q���G�D�W�D���S�U�H�V�H�Q�W�D�W�L�R�Q�����D�J�D�L�Q�����Z�R�X�O�G���E�H���D���µ�F�R�U�U�H�O�D�W�L�R�Q���P�D�W�U�L�[�¶���D�V���W�K�H���G�D�W�D���V�H�W�V��

for the scoring system were extensive (Alebachew et al., 2022; Collins et al., 2021). The scoring 

system in this Thesis was only used as justification for examining FP from high risk countries 

for this Thesis. However, in order to assess the validity of the scoring system in future studies, 

FP from low risk countries should be examined, as a comparison, and the results included in 

statistical evaluation. 

The identification of three rusted, barbed and muddy fish hooks and the high amount of retained 

gastrointestinal tracts/livers/gills in consumer ready fish (Country 22) was concerning. The fish 

hooks were small enough to pass through the adult oesophagus and into the gastrointestinal 

tract where perforation may occur. The infectious life stage of many zoonotic/non-zoonotic 

species of parasite are located in the liver or intestine/intestinal mesentery of infected fish 

(Caffara et al., 2016; Vankara et al., 2011; Szalai et al., 1988; Taraschewski, 1988; Nashaat & 

Maghawri, 2022; Measures & Anderson, 1985). According to BICON. (2020) �µ�F�R�Q�V�X�P�H�U-

�U�H�D�G�\�¶�� �I�L�V�K���I�U�R�P���&�R�X�Q�W�U�\�� ������ �V�K�R�X�O�G���E�H���H�Y�L�V�F�H�U�D�W�H�G���� �K�D�Y�H���W�K�H���K�H�D�G���D�Q�G�� �J�L�O�O�V���U�H�P�R�Y�H�G���D�Q�G���E�H��

free of all debris (Williams et al., 2021). Consumer ready FP must be accompanied by valid 

documentation which certifies the product is compliant with Australian food safety standards. 

It seems clear that lack of compliance with Australian food safety standards for imported fish 

has potential to impact not only consumer health but also native aquatic species in Australia. 



207 
 

AIM 3 (Chapter 5): To identify the bacterial flora present on the skin of edible freshwater fish 

�L�P�S�R�U�W�H�G���L�Q�W�R���$�X�V�W�U�D�O�L�D���I�U�R�P���F�R�X�Q�W�U�L�H�V���L�G�H�Q�W�L�I�L�H�G���D�V���µ�)�U�H�V�K�Z�D�W�H�U���I�L�V�K���K�L�J�K���U�L�V�N�¶���I�R�U���V�X�S�S�O�\���F�K�D�L�Q��

breaches and to explore antimicrobial sensitivity patterns of the identified bacteria. 

Many of the imported freshwater fish examined in Chapter 4 were contaminated with a variety 

of debris including mud, vegetation, physical hazards and food items (Williams et al., 2021b). 

It has been demonstrated in published literature that sediment, water present in fish-farming 

ponds and contaminated water sources influence the bacterial flora of the fish gills/intestine 

(Al -Harbi et al., 2016., Cai et al., 2019., Li et al., 2020). Published literature also shows that 

certain species of zoonotic bacteria are able to adopt a biofilm existence on various types of 

debris (Kesy et al., 2019., Wu et al., 2019b). Therefore, the contaminated fish identified in 

Chapter 4 of this Thesis were considered to be high risk for bacterial contamination. 

In this investigation, sterile swabs were taken from the outer surface of Channidae fish (n = 60) 

and from thawed ice from each of the six separate bags of fish (n = 66 in total). Swabs were 

also taken from Pangasiidae fish (n = 41) and from thawed ice from six separate bags of fish 

(n = 47 in total). Channidae and Pangasiidae fish were FP from �W�Z�R���µFreshwater fish high risk�¶��

countries, Countries 22 and 20 respectively. Swabs were cultured and bacteria identified. 

Zoonotic bacterial species Staphylococcus aureus and Salmonella sp., Comamonas testosteroni 

(syn. Delftia testosteroni) with zoonotic potential and environmental bacteria capable of 

causing severe clinical outcomes in humans, Pseudomonas sp. (P. mendocina and P. 

pseudoalcaligenes), Micrococcus sp. and Rhizobium radiobacter were identified from 

Channidae fish (Country 22). Zoonotic Vibrio fluvialis, Salmonella sp., S. aureus and clinically 

important environmental bacteria Micrococcus sp. were cultured from Pangasiidae fillets 

(Country 20). Pangasiidae fillets have large market penetration in Australia. In addition, a 

complete pattern of resistance to all antimicrobials tested was observed for one sample of 

Salmonella sp. and one of S. aureus. Statistical analysis showed that mud, environmental 

contaminants and presence of vegetation in or on FP was significantly associated with the 

presence or absence of Pseudomonas species. Analysis also showed that fish species, and 

therefore the countries which export these FP, were significantly associated with some bacteria. 

Pseudomonas spp., R. radiobacter and C. testosteroni were only identified in the mud dwelling 

Channidae fish and the occurrence of Micrococcus sp. in Channidae FP was more likely than 

in Pangasiidae FP. Salmonella sp. was more likely in Pangasiidae FP and V. fluvialis was only 

identified in Pangasiidae FP.  
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The zoonotic bacteria identified on the surface of the FP in Chapter 5 of this Thesis are a 

significant health threat to Australian consumers. Results of this Thesis show that it may be 

prudent to test FP imported into Australia for a greater species range of zoonotic bacteria, or 

other clinically important bacteria. Results also show that HACCP certification does not 

guarantee that FP are compliant with Australian regulations for imported food particularly 

when the exporting country demonstrate low scores for �µregulatory weakness�¶ and �µunskilled 

labour�¶ (scoring system Chapter 4). The species range of zoonotic bacteria tested in this Thesis 

was limited by time and resources as were the FP available for testing due to Covid. Based on 

the results in this Thesis further studies using a greater sample size and dedicated to identifying 

all bacteria on the surface of FP from high risk countries is advised. This study would have 

been greatly enhanced by the use of more sophisticated methods for bacterial identification. 

Future studies could be collaborative and focus on key areas such as MALDI-TOF® for 

identification of bacteria and molecular/phenotypic methodology to characterize antimicrobial 

patterns of resistance. MALDI-TOF® is considered the gold standard for bacteria typing (Neoh 

et al., 2019) and has been used extensively in recent times to identify bacteria colonising FP 

(Bridel et al., 2020; Chai et al., 2022; Piamsomboon et al., 2020a). The use of MALDI-TOF® 

in future studies would be more time efficient and allow a greater sample size of FP to be 

cultured for bacteria. 

Future study should also investigate the correlation between mud and other debris on imported 

FP and zoonotic/non-zoonotic but clinically significant bacteria, which is of importance to 

consumer health in Australia. Sediment or mud in fish farming facilities is associated with 

many species of zoonotic bacteria (Biswas et al., 2019; Cai et al., 2019; Sampada, 2006-2007; 

Sarter et al., 2007) and it seems logical that mud on imported FP is a human health concern 

(Chávez-Crooker & Obreque-Contreras, 2010; Sapkota et al., 2008) in Australia. The 

association between mud and P. mendocina (identified in this Thesis), a zoonotic bacterium of 

escalating importance to human health, is also an area which requires investigation. In 

association with this, a reassessment of the importation of bottom dwelling fish into Australia 

from countries with poor water quality and sanitation is also advised until a HACCP can be 

performed and risk management strategies implemented. The identification of pathogenic 

zoonotic bacteria, V. fluvialis (P 21.3% Pangasiidae fillets) and Salmonella sp. (P 1.5% 

Pangasiidae fillets) requires immediate consideration.  Pangasiidae fish have large market 

penetration in Australia and contaminated fillets have great potential to be of concern to 

consumer health. Vibrio fluvialis has emerged as a problem in cultured freshwater fish in recent 
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times (Adebayo-Tayo et al., 2011; Al-Sunaiher et al., 2010; Alkhunni et al., 2017; Bohai et al., 

1993), including multiple outbreaks of human infection from consumption of contaminated 

freshwater fish ���%�R�±�N�R���� ������������ �&�K�R�Z�G�K�X�U�\�� �H�W�� �D�O������ ���������E��. The seriousness of the clinical 

outcomes associated with human infection, and the ability of this bacterium to form a persistent 

biofilm are of importance to community human health/hospitals in Australia. In addition, the 

rapid expansion of antimicrobial resistance, demonstrated by this bacterium (Abdollahi et al., 

2019) and the role imported FP may play in this spread requires greater consideration and 

investigation. 

An interesting finding of this Thesis was the identification of R. radiobacter contaminating 

Channidae fish from Country 22. Two of the three fish samples which were contaminated with 

this bacterium were from separate packages where mud was observed. This bacterium grew 

during incubation and according to Hélène et al. (2012) the ability to grow at high temperature 

is an emergent trait in R. radiobacter. This indicates that R. radiobacter may rapidly multiply 

on contaminated thawed FP. Hélène et al. (2012) notes that a primary condition for colonization 

and pathogenicity of R. radiobacter is close proximity and heavily colonised FP may pose a 

human health threat to consumers in Australia during food preparation. Coenye et al. (2002) 

suggested that R. radiobacter has potential for person to person transmission, therefore 

investigation into the spread to/between consumers via contaminated FP seems warranted. The 

recent increase in cases of human infection from R. radiobacter (Balasoiu et al., 2022; Bhansali 

et al., 2020; Boceska et al., 2020; Chanza et al., 2017; Fenner et al., 2019; Patel et al., 2022; 

Roy et al., 2022; Wang et al., 2019) and the role FP may play in this increase requires 

investigation particularly as many of the cases of community acquired human infection 

occurred after contact with plant matter and soil (Balasoiu et al., 2022; Levitski-Heikkila & 

Ullian, 2005; Tsai, 2013; Wang et al., 2019) both present as a contaminant in/on imported 

Channidae fish.  

Of the bacteria identified in this Thesis, C. testosteroni (Abraham & Simon, 2007; Altun et al., 

2013; Farooq et al., 2017; Parolin et al., 2016), P. mendocina (Goldberg & Blyth, 2020), V. 

fluvialis (Nadkarni & Shah, 2007; Ratnaraja et al., 2005) and Micrococcus species (Ambler et 

al., 1986; Magee et al., 1990; von Eiff et al., 1996) have all been implicated in cases of human 

illness resultant of their ability to form a persistent biofilm. Of particular importance is future 

investigation into the ability of the bacteria identified in this Thesis, and others contaminating 

imported FP, which are able to adopt a biofilm existence, and their potential to colonise kitchen 

sponges, chopping boards and other kitchen utensils. Zoonotic FP borne bacteria have been 
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identified on chopping boards used to prepare FP (Miettinen et al., 2001; Rao et al., 2021), 

work benches at fish processing facilities (Albuquerque et al., 2007) and fish processing 

workers hands (Albuquerque et al., 2007; Onjong et al., 2014; Simon & Sanjeev, 2007). The 

potential of common domestic kitchen utensils/clean up items/chopping boards to become 

contaminated with zoonotic bacteria during FP preparation is an important area for future 

research and one that has so far received little attention. 

Comamonas testosteroni, and P. mendocina were identified contaminating Channidae fish in 

this Thesis. These bacterial species have not been previously considered as zoonotic. However, 

Smith and Gradon (2003) reported a case of human infection from C. testosteroni following 

contact with diseased tropical fish and Nseir et al. (2011b) described a case of human infection 

with P. mendocina, following close contact with a pet bird. This bacterium was subsequently 

cultured from the �E�L�U�G�¶�V throat. The zoonotic potential of both C. testosteroni and Pseudomonas 

species requires clarification particularly as a high prevalence of both were observed on 

Channidae fish in this Thesis. 

AIM 4 (Chapter 6): To identify zoonotic parasites collected from imported edible freshwater 

fish from countries identified as �µ�)�U�H�V�K�Z�D�W�H�U���I�L�V�K���K�L�J�K���U�L�V�N�¶��for supply chain breaches using 

morphological and/or molecular methodology. 

The infective stage of many zoonotic fish borne parasites are highly resilient to varied storage 

and preparation methods (Fan, 1998., Grabda and Bier, 1988). Humans may become infected 

from fish borne zoonotic parasites after consumption of undercooked FP. Human illness may 

exhibit in mild and transient to chronic, severe or at times life threatening clinical conditions 

(Bao et al., 2017; Sadaow et al., 2017., Mascarenhas et al., 2019; Cha et al., 2022; Decruyenaere 

et al., 2022). Parasites in imported FP therefore have potential to be a risk to the health of 

Australian consumers if ingested in undercooked FP. 

This study identified to a genus or species level zoonotic parasites collected from 629 FP in 

Chapter 4. A total of 200 from 213 provisionally identified parasites were identified in the 

present investigation. The methods to isolate parasites, visual, dissection and pepsin digestion, 

were extremely thorough and this approach is recommended for future studies. Zoonotic 

species identified morphologically were digeneans Euclinostomum sp. and Isoparorchis sp. 

The nematode Eustrongylides sp. was identified using molecular methodology. All nematodes 

identified in this study were larval stage and digenetic parasites were metacercarial stage which 

are the life stage of these zoonotic parasites infectious to humans. This study showed that 
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imported freshwater edible FP can be highly infected with parasites which have potential to be 

a human health concern in Australia. This study also showed that FP with HACCP certification 

may harbour zoonotic parasites.   

The parasites identified in Chapter 6 of this Thesis highlighted that dedicated research using 

molecular methodology is required to address the many parasite misidentifications and 

ambiguities in the published literature from many developing. One new host and region record 

was identified in this Thesis for zoonotic Eustrongylides sp. (Channidae fish: Country 22). The 

new host and region record for Eustrongylides sp. in FP from Country 22 is of significant 

importance as this species would not have been included in an Australian importation or 

HACCP risk assessment. The published literature from Country 22 include a significant 

number of FP borne nematodes of uncertain taxonomic status (Ahmed, 1981; Arthur & Ahmed, 

2002; Bashirullah, 1973, 1974; Chandra, 2006; Khalil et al., 2014). Eustrongylides sp. have a 

distinctive reddish colour and interestingly many of the FP borne nematode species from 

Country 22, of taxonomic uncertainty, are also red in colour and are non-zoonotic species 

(Bashirullah, 1974; Chandra, 2006; Khalil et al., 2014). As the aquaculture industry expands 

in many countries it is crucial that FP borne zoonotic parasites or those with zoonotic potential 

are correctly identified using molecular methodology so future importation risk assessments 

can legitimately support consumer health in Australia. 

The zoonotic digenean, Isoparorchis sp., was also identified in this Thesis. Since Chandler 

(1926) identified this genera as zoonotic, following wide spread cases of human infection in 

Manipur, India, there has been little research conducted to explore the zoonotic potential of all 

species of Isoparorchis. Shimazu et al. (2014), using combined morphological and molecular 

methodology, ended the taxonomic uncertainty of this genera. Following Shimazu et al. (2014) 

either I. trisimilitubis or Isoparorchis sp. 3, both found in fishes from the Indian sub-continent, 

are zoonotic. There are many questions which still remain in regard to human infection with 

this digenean.  Hospitalised cases in Manipur expelled adult reproducing worms following 

treatment (Chandler, 1926) and a reproducing adult Isoparorchis sp., was also recovered 

undamaged from the bile duct of a pig (Varma & Ahluwalia, 1980). It is unknown if this 

digenean can develop to maturity/survive for prolonged periods of time in humans/pigs or if 

infection occurred after accidental consumption of infected fish. Isoparorchis sp. excrete 

ammonia in the host (Adak & Manna, 2008), convert ammonia to urea inside the parasite, and 

high urea levels are associated with heavy infection (Adak & Manna, 2008). The zoonotic 

potential of Isoparorchis sp. may be linked to the excretion of ammonia or the high levels of 
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urea which may act as toxins to humans. If this is the case the parasite toxins in contaminated 

imported FP may still cause human illness even if the parasite were dead. Future research must 

address these knowledge gaps, in particular confirm if this genus can develop into reproducing 

adults in humans and the role urea and ammonia may play in cases of human illness.  

AIM 5 (Chapter 7):  To identify non-zoonotic parasites collected from imported edible 

freshwater fish from countries identified as high risk for supply chain breaches using 

morphological and molecular methodology. To review the literature for the pathophysiology 

of infection and potential exposure pathways into Australia for non-zoonotic parasite species. 

This Chapter identified non-zoonotic parasites to a genus or species level. Larval nematodes 

were identified using molecular methodology and cestode, digeneans and acanthocephalans 

were identified morphologically. Parasites had been collected from 629 FP in Chapter 4 

(Manuscript 2), provisionally identified and stored for identification in Chapter 7. Pallisentis 

sp., Genarchopsis sp., Senga sp. (Manuscript 5) and Tanqua sp. (Manuscript 6) were identified 

for the first time in edible Channidae fish imported into Australia. A new host and region 

record, Tanqua sp., was identified in this study. Pallisentis sp. and Senga sp. have invasive 

hold fast organs (Manuscript 5) which have been demonstrated to cause severe mechanical 

damage to fish intestinal structures and Euclinostomum and Isoparorchis (zoonotic species 

identified in Chapter 5, Manuscript 4) have been demonstrated to cause severe pathology and 

loss of marketability in infected fish. All of the parasites identified were at the life stage 

infective to suitable hosts. Genarchopsis sp. and Senga sp. were egg engorged and appear 

highly fecund. A dedicated taxonomic manuscript to support this Chapter was intended. 

However, as the parasites identified were exotic to Australia, capable of causing severe 

pathology in an aquatic host and in some cases, were highly fecund it was decided to conduct 

a literature review of the pathophysiology of infection and to propose possible exposure 

pathways into the Australian environment. This Chapter clearly showed that novel parasites 

which may be a threat to Australia native aquatic species are imported into Australia in HACCP 

certified FP. Many potential exposure pathways into the Australian environment were 

described (Manuscript 5). Australian biosecurity is a constant ontogenesis of novel hypothesis 

based on current scientific discoveries. Chapter 7 fulfills these criteria. 

The species of parasites identified in this Thesis and the snails recovered from gill mud are 

suggestive of ineffective on farm chemotherapy to control molluscan and other parasite 

intermediate hosts. According to Singh et al. (2014) the control of snail populations is essential 
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to reduce FP borne digenean/trematode infection and judicious use of synthetic molluscicides 

a highly effective control for gastropods (WHO, 2017; Yang et al., 2010a). More research 

should therefore focus on how the exporting counties can improve on farm chemotherapy 

control measures. Both, correct identification of parasites which infect exported FP from some 

countries and investigations into on farm control of gastropods and other intermediate hosts 

are areas of key importance. This seems an ideal opportunity for research collaborations 

between Australia and other developing countries.  

As previously discussed in Chapter 6, dedicated research is required to identify FP borne 

nematodes using molecular methodology (Country 22). In this this Thesis, a new host and 

region record for Tanqua sp. was identified. Country 22 is home to the definitive host of 

Tanqua sp., the Asian water monitor (Varanus salvator) and it seems likely larval nematodes 

previously described from fish in Country 22 may have been misidentified. Tanqua genus at 

present contains one-member species. Tanqua tiara is a species of one of four genera within 

the family Gnathostomatidae. Gnathostoma, has zoonotic members species implicated in 

multiple cases of human infection globally and according to Shamsi et al. (2021) 

Echinocephalus sp., also of family Gnathostomatidae may have previously been misidentified 

and has zoonotic potential. The identification of third stage infective Tanqua sp. larvae 

infecting edible fish imported to Australia is therefore of importance and the zoonotic potential 

of this genus requires clarification.  

Additional unpublished investigation (Appendices). To identify Anisakis sp. DNA in canned 

�R�U���E�O�H�Q�G�H�G���S�U�R�F�H�V�V�H�G���Z�L�O�G���F�D�X�J�K�W���)�3���I�U�R�P���µ�,�8�8���R�U���X�Q�U�H�S�R�U�W�H�G���F�D�W�F�K���K�L�J�K���U�L�V�N�¶���F�R�X�Q�W�U�L�H�V���X�V�L�Q�J��

molecular methodology. 

The extraction of parasite DNA from canned products was rendered unsuccessful. The 

unpublished manuscript is included in the Appendices of this Thesis. Given the high amount 

of UC demonstrated in high risk countries (Chapter 3, manuscript one) and the vulnerability of 

canned FP species to infection with A. simplex it is an important area for future research. The 

protocol for DNA extraction used in this study should be revised and varied dilutions of 

Anisakis DNA used for reference samples. Excess Anisakis DNA in reference sample according 

to product information (Generon Anisakis/Pseudoterranova/IAC 3-plex Assay®) could have 

affected the qPCR results. Careful attention to homogenisation of the FP samples in future 

studies is also considered of importance. The homogenisation technique described on Mossali 

et al. (2010) is recommended as the small food processor used in this Thesis may not have been 
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powerful enough to distribute Anisakis DNA evenly throughout the sample. Canned fish and 

fish oil is a novel area of research for the future and one discussed in the Literature review of 

this Thesis. Results from the study in the Appendices indicate that canned sardines may be an 

area to focus on using a revised experimental design. The association between fish gut bacteria 

and nematode parasites which penetrate into fish musculature is also an area identified for 

future research, particularly the role migrating nematodes and bacteria may play in the 

development of histamine. 

Conclusion 

As can be seen in Figure 11 of this Thesis, the identification of the food group responsible for 

cases of human illness in Australia is 1.5% - 22.3% (2010-2015). Given the high reliance on 

imported freshwater FP in Australia it seems logical to assume that some of these imported FP 

may be implicated in cases of human infection. More effort should be directed towards 

understanding which food groups are responsible for human illness so precautionary food 

safety guidelines can be developed.  Food safety guidelines in Australia should be updated for 

Pangasiidae fillets and it is suggested that these follow similar recommendations for handling 

raw chicken. Kitchen utensils and sponges should be allocated to the preparation of this 

imported FP, only. In addition, further research must focus on other zoonotic bacteria which 

may be present on the outer surface of imported FP as only a select few were tested for in this 

Thesis. Finally, as antimicrobial resistance is epidemic globally, including many environmental 

zoonotic bacteria identified in hospitals, it is of great importance to monitor the bacteria present 

on the imported FP served in hospitals and the kitchen utensils, sponges and surface areas used 

during FP food preparation. 

The data provided by this Thesis was certainly hindered by the lack of imported FP from high 

risk countries, during Covid, and therefore the scoring systems could not be validated. It has 

however been demonstrated that zoonotic pathogens of human concern are breaching 

Australian food biosecurity which was the purpose of the Thesis. 

This Thesis contributed two risk scoring systems which can be updated and used in future 

studies, the identification of zoonotic and non-zoonotic bacteria and parasites in/on imported 

FP and many supply chain breaches in freshwater FP such as mud, visible debris, vegetation, 

snails and physical hazards which are inconsistent with Australian importation guidelines for 

the respective FP. This Thesis also highlighted that many of the FP examined were not 



215 
 

compliant with Australian importation regulations despite some of these same products being 

HACCP certified. 
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Appendices 

Aims and manuscripts included in the Appendices 

Preamble: Due to the trade agreements which Australia operates under, independent 

examination of imported FP has not previously been conducted. Therefore, although a 

comprehensive literature review was undertaken to design the Thesis research chapters it was 

expected that other observations of importance may arise which required investigation and 

these have been included in the Appendices.  

Overall aim: The overall aim of the Thesis Appendices is to provide a platform for 

investigations which resulted during the course of this Thesis from observations or findings of 

importance. 

The literature review and examination of Codex food safety texts highlighted the 

inconsistencies between Codex and published literature parasite �µbest practice�¶ mitigation 

strategies. Manuscript 7 is a critical appraisals of Codex food safety protocols for parasite 

control in FP contrasted with information in published literature. During risk scoring for 

Chapters 3 and 4 it became very clear that seafood substitution in the FP supply chain was a 

much more pervasive problem than previously anticipated. The human health risk from 

zoonotic parasites in substituted FP was investigated via a systematic review (Manuscript 8) as 

a result.  

The literature review also showed that there was a predominance of food borne illness in 

Australia where the food group was unknown and this provided the impetus for a pilot study 

to better understand seafood related illness in Australia (Manuscript 9).  

In Chapter 3 of this Thesis countries were identified as �µIUU or unreported catch high risk�¶����

The top scoring countries all predominantly supply Australia with canned/and or processed-

blended FP. Selected FP imported into Australia from high risk countries were subsequently 

examined for the presence of Anisakis sp. DNA. The intention, when designing investigations 

for this Thesis, was to examine wild caught fish fillets using white light/ultraviolet light 

candling with or without pressing. Initially, canned products were examined under a dissecting 

microscope however it was impossible to detect nematodes using this method. By necessity, 

extracting Anisakis sp. DNA, to better align with the types of FP exported by highest scoring 

countries, was substituted in the experimental design. Anisakis simplex DNA was extracted 

from five different commercially available canned/and or processed-blended FP (n = 60) using 
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a food safety kit approved by the Italian Ministry of Health, to be used as indirect evidence of 

A. simplex allergens in the respective FP. Unfortunately, the Control + and the two reference 

samples did not amplify during qPCR. Product information for the 

Anisakis/Pseudoterranova/IAC 3-plex Assay® kit states that provided amplification of other 

samples appear normal then the qPCR does not need to be repeated. Therefore, DNA samples 

from canned FP, 1113 and 1114 appear valid and other negative results should be viewed with 

caution. The low prevalence of Anisakis DNA positive samples did not validate the scoring 

system in Chapter 3. Tests were unable to be repeated due to a lack of reagents, Anisakis DNA, 

reference samples and due to significant time restraints. The study design, results, methodology 

and auxiliary Tables and Figures have been included in the Appendices of this Thesis as a 

valuable reference for other researchers.
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AIM 1 : Published manuscript. To critically evaluate global testing procedures for 

zoonotic parasites in edible FP as advised by Codex Alimentarius and in application to current 

Australian inspection and testing protocols for imported FP. This aim is achieved through one 

published manuscript: 

Williams, M., Hernandez-Jover, M., & Shamsi, S. (2020). A critical appraisal of global testing 

protocols for zoonotic parasites in imported seafood applied to seafood safety in 

Australia. Foods, 9(4), 448-471. 
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Abstract: It is not suggested that any country is intentionally exporting seafood which does not
comply with Codex seafood-safety guidelines /codes/standards. However, with an open access
resource such as �sheries, there is vast potential for errors to occur along convoluted supply chains,
spanning multiple countries, which may negatively impact the safety of edible seafood products
imported into Australia. Australian importation policy and inspection procedures are founded
upon a bedrock of trust in the integrity, reliability and safety of the global seafood supply chain.
In order for seafood imported to Australia to be considered safe the non-mandatory international
health standards, governed by Codex Alimentarius, for seafood must be predicated upon the most
e� cacious methods and stringently governed by each exporting provenance. Currently, tests for
zoonotic parasites are not applied to imported edible seafood products on arrival into Australia.
Therefore, this critical analysis is aimed at discussing the e� ectiveness of current testing protocols for
zoonotic parasites in edible seafood advised by Codex Alimentarius which may impact the safety of
the product imported into Australia.

Keywords: Australian seafood safety; international food safety; zoonotic parasites; Codex
Alimentarius; imported seafood

1. Introduction

Australia is one of the few countries globally which seems to have remained free of many zoonotic
parasites and pathogens which are endemic to other countries [1]. Australian biosecurity is considered
critical in the �ght to reduce the risks posed by invasive pests and diseases [ 2] and as such is an
essential national asset [3]. The introduction of white spot disease (WSD) into Australia is a propitious
reminder of the severe economic and social consequences of a biosecurity breach. By 2016, the outbreak
estimated cost to the Australian prawn industry was $49.5 million [ 4]. Despite fore-warnings from
the global scienti�c community, of traded WSD infected frozen shrimp and an obvious spatial and
temporal global spread [ 5–7], WSD was introduced into Australia. Whilst the introduction of WSD into
Australia exposed a vulnerability in the nation's biosecurity it also illustrated how di � cult biosecurity
defense becomes when exporters are prepared to �aunt international food safety recommendations.
Australia has a great reliance on imported edible seafood products. No matter how highly regarded
and e� cient Australian biosecurity policy /procedures are, in a time or rapidly escalating global change,
it is perhaps timely to re-evaluate the current international standards for zoonotic parasites in imported
edible seafood in support of human health biosecurity in Australia.

Seafood is considered an important source of essential fatty acids, protein and B group vitamins [ 8]
and is a valuable component of a healthy diet [ 9,10]. In Australia, the imported seafood product
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represents 70–75 percent of total Australian seafood consumption [11]. The Australian Bureau of
Statistics [12] showed the cost of living rose 2 per cent in 2017, however, wage growth has been
historically weak. Although Australian premium seafood products are available for purchase locally
the cost may preclude the `average Australian' from operating within this market. For example, locally
caught �athead �llets retail for ~$54 per kg (October 2018) [ 13] whilst imported `South American
Flathead', a registered name in Australia for imported Percophis brasiliensis[14] retails for ~$20 less
per kilo [ 15] and is an entirely di � erent �sh species. By implication it must be considered that the
importation of seafood provides the Australian public with a stable, a � ordable and assessable source
of dietary protein. Article 11 and 12 of the United Nations ` International Covenant on Economic, Social
and Cultural Rights' [ 16] sets out in legal terms the basic human right to `food security' which ful�ls the
concept of `nutrition', `safety' and `cultural legitimacy'. Articles 15–19 in the ` Voluntary guidelines to
support the progressive realization of the right to adequate food in the context of national food security'[17]
detail `food security' as a governmental responsibility under international law in the provision of `safe
food' as a basic human right. Article 15, stipulates the food must be `safe' and article 16 stipulates
it must be free of `unsafe substances'. In Australia, the Government has implemented policy and
procedures to secure a food supply chain, internationally, which should provide `food security' for all
Australians. In Articles 17 and 19 of the ` Voluntary guidelines to support the progressive realization of the
right to adequate food in the context of national food security'[17] there seems to be clear application for
the Government, should it be necessary, to update current inspection procedures for imported edible
seafood to protect the basic human right of all Australians to `food security'. The aforementioned
United Nations (UN) covenant [ 16] and the Food and Agricultural Organisation of the UN voluntary
guidelines [ 17], appear to provide the Australian Government with autonomy to take any measures
necessary to establish `food security'. However, in Article 3 of the World Trade Organisations ` General
Agreement on Sanitary and Phytosanitary Measures' (SPS) [18], an international health standard becomes
deductively legitimate if an exporting country can show compliance. Should an exporting country
demonstrate compliance with an international health standard, even if this compliance represents less
food safety than Australia as the importing nation desires, a downward adjustment in compatibility of
Australian health standards may be necessary to facilitate trade. The international health standards
referred to in the SPS are those set by Codex Alimentarius [18]. These international health standards
are the global lynch pin for the safety of traded edible food and it would be expected these should be
based on the latest scienti�c best practice. Therefore, the primary aim of this critical appraisal was to
investigate if the current international standards for control of zoonotic parasites in seafood advised
by Codex Alimentarius are adequate to ensure the safety of edible seafood imported into Australia.
The secondary aim was to highlight cases of human illness from published literature where imported
seafood was implicated as the agent of infection.

2. Methods Used for Critical Appraisal

Please see Figure 1 for a �ow chart of the steps followed to develop the critical appraisal.
International food safety standards available at Codex Alimentarius were searched and all texts
pertaining to seafood downloaded. All relevant Codex seafood safety advice pertaining to the control
of seafood borne zoonotic parasites used for this critical appraisal is included in Appendix A. A
literature search was conducted using Google Scholar and Charles Sturt University (CSU) Primo search
engines for literature pertaining to the e � cacy of each of the recommended control methods, candling,
pepsin digestion, salting and brining for seafood borne zoonotic parasites advised by Codex. CSU
Primo search engine automatically searches all major scienti�c journals such as Scopus and Web of
Science which the university subscribes to. The same search engines were used to access literature
which described the life history of seafood borne zoonotic parasites nematodes, cestodes, myxozoa and
trematodes to contrast against each control method advised by Codex. Finally, the current Australian
legislative instruments which support the inspection of seafood imported to Australia were accessed
and critically analysed for weaknesses based on all of the above.
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Figure 1. Flow diagram of the process used to develop the critical appraisal.

3. Codex Alimentarius Non-Mandatory Recommendations

Please see Figure 2 for how the non-mandatory Codex international food safety guidelines /codes
of practice/standards are developed.

3.1. Candling

Codex Alimentarius `Code of Practice for Fish and Fishery Products' de�nes candling for parasites
as “passing �llets of �sh over a translucent table illuminated from below to detect parasites and other
defects” [19]. Section 8.1.6 of the code provides technical advice for candling and recognises “viable
parasites” in �sh as a potential biological hazard (p. 103). The candling line is recommended to be
“continuous and sequential to permit uniform �ow without stoppages or slowdowns and removal
of waste” (Step 1, p. 103). Codex does not recommend candling in conjunction with pressing in
any of the codes or standards which contain a reference to parasites. `Pressing' involves placing the
sample of �sh between two thin acrylic sheets and examining under an appropriate light source [ 20].
Table A1 in Appendix A shows Codex recommendations for candling to control parasites for speci�c
seafood products [19] `Code of Practice for Fish and Fishery Products' still apply. Codex Alimentarius
is the global food safety authority and therefore the advised methods for parasite detection should
unquestionably be the most e� ective available.
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Figure 2. The global processes which relate to the safety of edible seafood on arrival into Australia.
Codex food safety standards are not mandatory or enforced however it is expected that member
nations, such as Australia, of the World Trade Organisation will be responsible in implementing the
advised international food safety standards. Australia has a great reliance on the testing procedures of
the exporting country to ensure imported seafood products are free of parasites and safe for human
consumption. Original �gure developed from information at [18].

3.2. Operator Constraints and Candling Accuracy

According to Andreoletti, et al. [ 21] an experienced `Candler' can examine up to 300 �llets an hour.
In order for an operator to examine 300 �llets per hour, every 12 s a �llet must be checked and parasites
removed. If CODEX STAN 165-1989; CODEX STAN 190-1995 and CODEX STAN 311-2013 (See
Table A1, Appendix A) [ 22–24] apply then operators along the candling line must additionally decide
if there are more than 2 parasites per kilo, if the parasite capsule is >3 mm and if the un-encapsulated
parasite is >10 mm. A questionnaire distributed to �sh processors in Scotland highlighted that few
carried out any comprehensive examination of �sh for larval nematodes. Only one processor used
a candling table and commented that the candling method was limited in thick skin or �eshed �sh
and another said it was not cost e� ective [25]. Visual fatigue after prolonged periods of observation
has been demonstrated to a� ect diagnostic accuracy [26]. Wootten and Cann [ 27] comment that
operator eye fatigue is rapid and during extended periods of candling the e � ciency of the method
may be impaired. It cannot be discounted that operator fatigue may limit the e � cacy of parasite
identi�cation along the candling line. Candling has been demonstrated to be 15% less e � cacious
under commercial working conditions [28] which may support observer fatigue as signi�cant within
parasite identi�cation and removal.

3.3. Limitations of Candling to Detect Parasites

3.3.1. Nematodes

It has been noted that the e� ciency of candling as a technique has limitations due to low
penetration into �sh muscle of the white light used [ 28]. As a method is also considered ine� ective in
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bright light [ 21]. McGladdery [ 29] considers the technique e� ective for detection of Pseudoterranovaspp.,
which are darker, but limited in detecting smaller, white worms, such as Anisakisspp. However, only
31.7% (143/450)Pseudoterranovalarvae were identi�ed in monk�sh �llets using white light candling [ 25]
which is in contradiction of McGladdery [ 29]. Candling combined with pressing has been demonstrated
to be more e� cacious to detect parasites in �sh than candling alone [ 20]. There is a great variability
between each inspection method in terms of `hours of labour' which are required. As a result, white
light candling may be based upon convenience rather than safety best practice. According to Codex [ 19]
candling carried out by skilled personal in a suitable location is e � ective in the control of parasites when
implicated species of �sh are used (step 3, p. 104). However, in Annex 1 “potential hazards associated
with fresh �sh, shell�sh and other aquatic invertebrates”, Section 1.1 it is considered that “candling,
trimming belly �aps and physically removing the parasite cysts will also reduce the hazards but may
not eliminate them” [ 19]. The e� ectivity of candling in the same Codex code of practice [ 19] has been
described as both e� ective and ine� ective in controlling seafood-borne parasites. Inconsistencies also
appear in recommendations CAC /RCP 1-1969: “No raw material or ingredient should be accepted
by an establishment if it is known to contain parasites”, [ 30] and CAC /RCP 52-2003 [19] “Unless they
can be reduced to an acceptable level by normal sorting and/or processing, no �sh, shell�sh or other
aquatic invertebrates should be accepted if they are known to contain parasites”. If candling does not
completely eliminate the parasite hazard and seafood should not be accepted if it contains parasites
then reducing the parasites to an acceptable level appears contradictory. Levsen et al. [31], in a study
of �sh from the Northeast Atlantic Norwegian spring spawning (NSS) herring ( Clupea harengus), blue
whiting ( Micromesistius poutassou), and mackerel (Scomber scombrus) demonstrated only 7 to 10 percent
of the nematode Anisakislarvae present in the �llets of all �sh species were detected by candling. In
NSS herring and blue whiting the detection e � ciency of candling was decreased as �llet thickness
increased. In blue whiting, the detection e � ciency of candling with UV light was only 10–15% despite
the average �llet thickness of 11 mm. Adams, et al. [ 32] in contrast had relatively high recovery of
Anisakislarvae from four types of white �eshed �sh; rock�sh ( Sebastesspp.), arrowtooth �ounder
(Atheresthas stomias), sole spp. (family Pleuronectidae) and true cod ( Gadus macrocephalus); utilising the
candling method identi�ed 43% to 76% of the anisakids present. However as one viable L3 larvae can
result in human infection the method does not completely eliminate the danger. In �llets of monk�sh
(Lophius piscatorius) and cod (Gadus morhua) candling was only successful in identifying 16.8% and
33.3% ofAnisakisand 31.8% and 53.6% ofPseudoterranovarespectively which were present [ 25]. A time
saving method to identify parasites in �sh is recommended which candles a representative sample
of �llets from a batch [ 27], however, this assumes that parasitism is equal between �sh of the same
species from the same location. The number of A. simplexlarvae in mackerel and blue whiting �llets
was from 0–19 and 0–71 respectively in �sh caught in the same location [31].

3.3.2. Trematode Metacercariae

The conventional method for detection of zoonotic trematode metacercariae in �sh include
microscopic examination of compressed �esh samples which according to Andreoletti et al. [ 21] is time
consuming and lacks sensitivity. However, Murrell and Sohn [ 33] concluded that this method was
economical, time e� ective and determined the exact location of the metacercariae. Andreoletti et al. [ 21]
comment that individual �sh harbour few metacercariae so it is di � cult to estimate infection intensities.
A total of 113 freshwater �sh species, mostly cyprinids, have been recorded as hosts for metacercariae
of zoonotic �ukes [ 34]. Species of cyprinid �sh commercially available in Laos were identi�ed infected
with zoonotic metacercariae (number of �sh species infected: intensity range), Opisthorchis viverrini, 6:
1–6980; andHaplorchis yokogawai, 3: 1–1370 [35]. Commercially available �sh from a Chinese market
were identi�ed infected with zoonotic metacercariae of Haplorchis taichui, 10: 1–485;Haplorchis pumilio,
10: 3–312;Centrocestus formosanus, 5: 1–32 andMetagonimus yokogawai, 11: 1–1836 [36]. The recovery
rate of zoonotic metacercariae in tilapia and cat�sh �llets using the candling method according to
Murrell and Sohn [ 33] is 53% and 68% respectively. Metacercaria in �sh range in size; Opisthorchiidae
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0.1–0.15 mm; Heteropyhidae and Echinostomatidae 0.14–0.16 mm [33] and in cases of intense infection
it may be impossible to remove all infectious metacercariae and discarding the �sh the only option. In
recent times, and in accordance with Article 9 of the SPS [18], critical control intervention programs
have been implemented in some Vietnamese aquaculture facilities. These programs have had some
success in lowering the burden of infection metacercariae in cultured �sh [ 33] and are a promising
initiative. Although not recommended by Codex Alimentarius [ 37] the Vietnamese cat�sh industry,
mainly driven by the implementation of western quality standards [ 38] has also taken the initiative to
use the press method of candling for metacercariae.

3.3.3. Tapeworm Plerocercoids

Rozas et al. [39] comments that the press method in conjunction with candling provides more
e� ective detection of plerocercoids in �sh muscle than candling alone. Torres and Puga [ 40] compared
three methods of candling to isolate plerocercoids (N = 310) in trout �llets. The candling method as
advised by Codex had a 22% detection e� cacy. A combined slice and candle had 40.8% and press
method combined with candling had 59.2% e � cacy. When all of the three candling methods were
combined there was 90.9% detection e� cacy however the total procedures included sectioning muscle
tissue and examination of up to 18 compression plates. The incidence and mean intensity of infection of
Diphyllobothrium dendriticum(syn. Dibothriocephalus dendriticus) plerocercoids in �sh has been identi�ed
at 83.2% and 8.8% [41] and D. latum (syn. D. latus) the mean infection intensity has been identi�ed as
low as 1.25 parasites/�sh [42].

3.3.4. Myxozoans

Species of seafood-borne zoonotic myxozoa are not included as a human health concern in
any of Codex seafood safety guidelines. There is one mention of myxosporidia which may hinder
the production of surimi due to myoliquefaction of �sh muscle. The same source provides a
recommendation of the best method to successfully bind infected �sh muscle into surimi for human
consumption [ 43]. Olive �ounder from Japanese waters have been identi�ed infected with three
myxosporean species;Kudoa septempunctata, K. thyrsites, and K. shiomitsui[44]. Imported farmed olive
�ounder have been demonstrated infected with K. septempunctata[45]. Yellow�n, Bigeye and Blue�n
tuna have been identi�ed infected with the zoonotic K. neothunni[46,47] and K. hexapunctatahas been
identi�ed in Blue�n [ 48] and Yellow�n tuna [ 46]. It should be noted that in samples of Northern
Blue�n tuna ( Thunnus thynnus), obtained from nine di � erent countries, only the samples of Japanese
origin were identi�ed infected with K. hexapunctata. SpeciesK. neothunniand K. septempunctatado
not form a cyst or pseudocyst, [ 45,47] and even if inspected for parasites it is doubtful these parasite
species would be detected macroscopically.

3.4. Ambiguity in Codex Food Safety Guidelines

CODEX STAN 165-1989; CODEX STAN 190-1995 and CODEX STAN 311-2013 [22–24] state there
should not be “two or more parasites per kg of the sample unit detected by candling”. The three
standards apply to frozen and smoked products and as freezing is determined by Codex to eliminate the
zoonotic potential of all parasites this inclusion seems irrelevant. There are no other Codex standards
which clarify what an `acceptable' number of parasites per kg may be despite “reduced to an acceptable
level” being used in CAC /RCP 1-1969 [30] and CAC /RCP 52-2003 [19] in regard to seafood-borne
parasites. In CAC/GL 88-2016 [49] there are six separate references to “acceptable” limits of parasites in
�sh without any clari�cation of what an acceptable number may be. CODEX STAN 311-2013 [ 24] states
that viability of, and killing method for parasites may be determined using methods “acceptable to the
competent authority having jurisdiction”. The guidelines use of “acceptable” may allow a subjective
interpretation of what is in essence an unmeasurable amount and an interpretative administration
of seafood safety standards which may vary signi�cantly between processors and regions. In Codex
standard 244-2004, “Standard for Salted Atlantic Herring and Salted Sprat” [ 50] Annex III, Point 2,
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states irrespective of the presence of visible parasites which may be seen in the sample unit (Annex III,
Point 1), `the veri�cation of the presence of parasites in intermediate entire �shery products in bulk
intended for further processing could be carried out at a later stage” (p. 8). It is unclear when the later
stage may be and `later stage' seems to be an inde�nite term particularly when applied to �sh species
demonstrated to have high intensity of infection with Anisakids. Baltic herring have a demonstrated
infection intensity of 20–50 in larger �sh. Further, intensity of infection has shown a rapid 30–40%
increase in a �ve-year period [51].

3.5. Ambiguity of Codex Salting and Brining Recommendations

In CODEX STAN 244-2004 [50] 3.1 “Fish �esh shall not be obviously infested by parasites” and “If
living nematodes are con�rmed, products must not be placed on the market for human consumption
before they are treated in conformity with the methods laid down in Annex II”. In the most recent
version accessed (2018) Annex II states“ the adequate combination of salt content and storage time
(to be elaborated)—or by other processes with the equivalent e� ect (to be elaborated).” In CAC/RCP
52-2003 [19] 12.1 “Where appropriate, fresh �sh intended for processing salted �sh should be checked
for visible parasites” and “an adequate combination of salt content and storage time can be used as
treatment procedures for killing living parasites”. It, again, is unclear where `appropriate' may be
along the food chain or if processors would consider salted �sh in need of checking for parasites.
Adequate salt concentration or storage time required to kill parasites is not de�ned at all. In the same
standard, Section 2.2.2. includes the categories for salted �sh and the percentage of salt required in
the muscle of the �sh during the water phase. These include 2.2.2.1 very lightly salted: >1% salt and
� 4%; 2.2.2.2 lightly salted: >4% and � 10%; 2.2.2.3 medium salted:>10% and � 20%; 2.2.2.4 heavily
salted: >20%. Herring at 15–19% brine were found infected with a number of live Anisakislarvae
and 22%–23% brine was required to kill nematode larvae over a period of 7 days which commenced
3–4 days post salting [52]. According to Lubieniecki [ 52], the salt concentration of herring �esh was
in�uenced by brine salt concentration, but also additionally the gonad maturity stage, lipid content of
the �esh, and salting temperature and hence are factors which may contribute to increase the viability
of Anisakislarvae. Three subsequent studies conducted by Grabda (1971–1973) con�rmed that live
Anisakislarvae were able to survive in 15–19% brined herring [as cited by 53]. In a study of fresh
Baltic herring, after a week at a 5.6% visceral salinity, 98.2% ofAnisakislarvae in herring were motile;
2 weeks at salinity of 9.36%–12.9% no motile larvae were observed however after culture 25/25 of
the non-motile larvae became motile again over a three-day period. At three weeks visceral salinity,
11.6%–14.04%, 13/71 larvae identi�ed became motile on Day Two of culture. After four weeks at
12.2%–14.6% salinity no motile larvae were found in the cultures [ 53]. It appears that under Codex
de�nitions of `very lightly', `lightly' and `medium' salted that it would be after four weeks from the
initial date salting commenced that the �sh product could be regarded as entirely safe for human
consumption. Oh, et al. [ 54] demonstrated Anisakislarvae were viable after seven days emersion in
5% NaCl (81.7%) and 10% NaCl (26.7%). All larvae were inactivated after seven days in 15% NaCl,
and six days in 20% NaCl. Most larvae survived in all NaCl concentrations for 3–12 h. However, in
this study larvae were introduced directly into brine. It is possible that larvae in �sh musculature,
where saline penetrates more slowly, may demonstrate longer inactivation times. The slow inactivation
of infectious larvae and the regeneration of moribund larvae presumed dead is concerning. This
implies that larvae in salted products may become infectious after consumption. Codex stipulates in
CODEX STAN 244-2004 and CODEX STAN 311-2013 [24,50] that a viable larvae is one which clearly
demonstrates spontaneous movement after mechanical stimulation. By implication the moribund
larvae, in the studies cited, which became viable after incubation would be considered non-viable
according to Codex recommendations. In the case of Diphyllobothriumspp. (syn. Dibothriocephalus) in
�sh, salting in 10% to 20% NaCl solution has been demonstrated to kill the plerocercoids after 1 or
2 h [55]. Freshwater �sh Pseudorasbora parvainfected with metacercariae of Clonorchis sinensiswere
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treated with a heavy salt (�sh /salt = 10 gm/3 gm) and kept at 26 � C for 5–15 days. Metacercariae
remained viable and produced infection in rats up to seven days after salting [56].

4. Human Health Risks Posed by Seafood-Borne Parasites

There are many seafood-borne zoonotic parasites which have been implicated in cases of human
infection. For a comprehensive list of seafood-borne zoonotic parasites which may be a human
health concern in imported edible seafood please see Shamsi and Sheorey [57]. Cooking and freezing
according to the methods described in the relevant Codex standards is su� cient to kill all zoonotic
parasites in seafood. At present the nematode A. simplexis the only species known to cause allergic
reactions of varying exigency [ 58], with killed parasites in �sh representing an allergen risk to some [ 59].
The consumption of raw or improperly cooked seafood is an important risk factor for humans acquiring
a seafood-borne parasite zoonosis [32].

The World Health Organisation and the Food and Agricultural Organisation (FAO) in a review
of parasites within the food trade concluded that the complex life cycle of aquatic parasites allows
great potential for contamination of edible seafood. Further, the panel commented that food-borne
parasitic diseases were neglected and underreported globally [ 60]. The WHO Foodborne Disease
Epidemiology Reference Group [ 61] observed that the full human health impact of parasites in food is
unknown. During the joint WHO /FAO review 6 /24 parasites evaluated pertained to those in edible
seafood products [60]; Anisakidae rated four according to trade risk. Sumner and Ross [ 62] in a
2000 Australian risk assessment awarded a low hazard for `parasites in sushi/sashimi'; the only
pairing relating to parasites in seafood. In 2012, an Australian risk assessment of zoonotic parasites
in Australian �sh [ 63] commented that freshwater �sh are not used for sushi /sashimi, however,
identi�ed anisakidosis /anisakiasis as underreported and/or misdiagnosed within Australia. In a 2015
risk assessment of Australian �sh used for sashimi the authors concluded that the low incidence
of anisakidosis in Australia may be due to underreporting or elimination of the parasite hazard
during processing and preparation [ 64]. However imported �sh and the potential for �sh substitution
was not included in this risk assessment or in a subsequent Australian risk assessment in 2017 [65].
Warner, et al. [66] reported that 58% of �sh samples obtained from sushi venues in the Miami /Fort
Lauderdale-area were mislabelled and 100% of Snapper was incorrectly labelled. It is unclear if
mislabelling seafood is a signi�cant risk in Australia.

Opisthorchiasis and clonorchiasis have been increasingly reported from non-endemic areas [ 67].
An outbreak of acute opisthorchiasis in an Israeli family was reported after eating illegally imported
raw carp [ 68]. Opisthorchiasis has also been reported in native Hawaiians after consuming imported
�sh from endemic areas of infection [ 67]. Rohela et al. [69] regarding Clonorchis sinensis, and Park [70]
regarding Opisthorchis viverriniand Clonorchis sinensis, commented that human infection outside
traditional areas occurs as a result of consuming frozen, dried or pickled imported freshwater �sh
infected with metacercariae. Human infection in Hawaii with Clonorchis sinensishas been attributed to
the consumption of dried or pickled �sh imported from endemic areas [ 71]. Infected salted, dried or
pickled �sh is a signi�cant risk factor in the transmission dynamics of Opisthorchis viverrini[72]. The
importation of intensively farmed native �sh, cyprinid carp species [ 60], Cat�sh /Basa, (Pangasianodon
hypothalamus) and Tilapia, ( Orechromis niloticus/O. mossambicus) which are susceptible to infection,
has great potentiality to cause zoonotic infection in geographic regions outside the normal areas of
endemicity [ 60,73]. Evidence in Vietnamese and Chinese aquaculture according to Murrell et al. [73]
would suggest the potential contamination with zoonotic seafood-borne trematodes of seafood
destined for international trade. The authors further advise that seafood imported from areas of
parasite endemicity, particularly Asia, may be an infection risk to consumers and prevention should be
implemented throughout the market chain. The global �sh trade is considered an important factor in
the alteration of the traditional geographical boundaries associated with Diphyllobothriumspp. (syn.
Dibothriocephalus) [74]. The consumption of imported �sh has been linked to cases of human infection
in Spain [74–76], France [77,78], Switzerland [ 79–81] and recently the �rst two cases in Singapore from
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D. nihonkaiensis[82] which may indicate a de�cit in the inspection processes of the exporting countries.
Ogata, et al. [83] considers imported /introduced tilapia, farmed in Mexico since 1964, for the increase in
gnathostomiasis cases regionally. In America, live eels imported for human consumption from Asia [ 84]
and Vietnam [ 85] have been demonstrated heavily infected with encysted and un-encysted Gnathostoma
spp. larvae. Imported �sh has been implicated in cases of human infection from Capillaria philippinensis
in Egypt (Youssef et al., 1989), which has been hypothesized as the entry point of the parasite into
Egypt [ 86]. Infestation of �sh for human consumption by anisakid nematodes has increased markedly
during the last 20 years [87]. Cooking or freezing does not destroy the allergenic capacity of A. simplex
which has been implicated in human reactions to canned �sh [ 88]. A. simplexallergens have been
identi�ed in baby food products containing plaice and European hake [ 87]. No mention is made of the
allergenic potential of A. simplexin canned products in any Codex recommendations. Mossali et al. [87]
considers the frequent presence of anisakids in processed food re�ects a utilisation of poor quality �sh
which would normally be discarded. The European Food Safety Authority (EFSA) has introduced a
requirement for the routine testing of canned �sh for anisakids using PCR method [ 21,89]. Australia
imports a signi�cant quantity of canned �sh from many European countries [ 90] and these include
species of �sh high risk for human anisakiasis [ 58,91–94]. It is unknown if any of these canned products
pose an Australian human health biosecurity risk.

5. Imported Seafood Inspection in Australia

At present, there are no additional tests applied to imported edible seafood, for detection of
zoonotic parasites, on entry to Australia. Figures 3 and 4 describe current tests applied to imported
edible seafood on entry to Australian.

Figure 3. Representation of the legislative instruments that support the inspection of seafood imported
to Australia in grey, the testing regimes for `surveillance' and `tightened' inspection for `risk foods' in
green. In yellow is the testing regime for `normal', `reduced', `compliance' and foods which have been
classi�ed under the `Trans-Tasman Mutual Recognition Agreement'. `Compliance agreements' are
entered into voluntarily by the exporting provenance which must show compliance and equivalency
with the standard of their food management systems which is audited annually. The original �gure
was developed from information at [18,95,96].
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Figure 4. Representation of the current tests applied to `risk' food on entry to Australia. All `risk' food
is inspected at the rate included in Figure 2. `Risk' food will be examined visually and the label checked.
The tests applied at present to �ve groups of `risk' foods have been included. Currently no additional
tests are applied to `risk' foods for detection of zoonotic parasites in imported edible seafood. Visual
inspection may be e� ective to identify some macroscopic parasites in seafood however as a tool it
is extremely limited as most parasites infecting seafood require microscopic inspection by a trained
professional. Original �gure developed from information at [18,95–99].

As related in an email from an Australian Government Biosecurity O � cer on the 26th August,
2019 “lesions on �sh caused by parasites are not considered to be either a biosecurity (regulated by
my section) or human health (regulated by the Imported Food Inspection Scheme) risk”. Of the 29
Schedules in the Àustralian and New Zealand Food Standards Code' [ 97] there are none which relate to
zoonotic parasite contamination of imported edible seafood. Edible seafood may be subject to label
inspection as detailed in the Part 1 and Part 2.2 (2.2.3 Fish and Fish Products) of the ANZFSC [97] and
visual inspection as detailed in Sections 3(a)(vii) and 3(b) Imported Food Control Act 1992[95]. Visual
inspection is based upon Section 3(a)(vii) “any other contaminant or constituent that may be dangerous
to human health” and 3(b) “it has been manufactured or transported under conditions which render
it dangerous or un�t for human consumption”. Certainly, visual inspection could be interpreted to
include visual detection of zoonotic parasites. However, as a tool this is inadequate to detect parasite
contamination [ 100]. For example, in a 2007 study only 26/185Anisakislarvae in monk�sh �llets [ 25]
were identi�ed using visual inspection. Microscopic examination, candling [ 32], UV light [ 31], PCR [89]
and pepsin digestion method [ 101] by a trained professional are all valid methods but are not listed as
the tests applied to either `risk' or `surveillance food' within the Australian food inspection scheme.
There have been six import consignments failed in the time period 2010–2018 based upon visual
inspection [102]. None of the fails were as a result of parasites visualised in edible seafood. The Imported
Food Control Amendment Bill 2017[103] was passed by the Australian House of Representatives on
11/9/2018 [104] and amends the Imported Food Control Act 1992. The amendments have been designed to
place the onus of responsibility on the exporters to provide documentary evidence of their adherence to
internationally recognised food safety controls. An impact statement was circulated by the Government
during August 2016 pursuant to the Imported Food Control Amendment Bill 2017 [ 105]. There was no
mention of parasites related to seafood in the impact statement [ 106]. Under Part 4 (35A [1–10]) of the
Imported Food Control Act 1992[95] food exporters may voluntarily enter an agreement with Department
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of Agriculture for a `Food Import Compliance Agreement.' Imported food under this agreement
is not inspected or tested under the Food Inspection Scheme [98]. The exporters documented food
management system must comply with Australian and New Zealand Food Standards Code [ 97] and
Australian Standard ISO 22000:2005(Food safety management systems-requirements for any organization in
the food chain)[107]. Australian inspection processes for imported seafood places signi�cant trust in the
exporting nations `equivalency' in testing procedures and adherence to the Sanitary and Phytosanitary
Measures Agreement, 1995 [18].

6. Discussion

During 2017, Australia imported a signi�cant amount of seafood from countries endemic for
infection with zoonotic parasites. At the time of writing (15 /9/2019)The Australia New Zealand Food
Standards Code[108], Standard 3.2.1—`Food Safety Programs', Standard 3.2.2—`Food Safety Practices
and General Requirements' make no mention of parasite risk in local or imported �sh or standards if
�sh is to be consumed raw. Standard 4.2.1 `Primary production and processing standard for seafood'
(Australia Only) list parasites as a possible contaminant however Standard 1.6.1, table to section
S27—4, of ANZFSC which should list the maximum allowable levels of contamination does not contain
information for parasites at all [ 108]. The `Export Control (Fish and Fish Products) Orders 20050 [109]
which guides our export policy makes no mention of parasites. The Food Safety Information Council
of Australia comments that there is a slight risk associated with the consumption of raw seafood,
sushi and sashimi for example, but these risks can be mitigated by consuming seafood from safe
waters, chilling and correctly storing or purchasing from licensed suppliers. No mention is made
of parasites in raw �sh or freezing before consuming raw [ 110], however, in a 2005 `Safe Seafood
Australia' publication there is a recommendation to freeze �sh (Australia only) if intended for raw
consumption [ 111]. `The Compendium of Microbiological Criteria for Food (2018)' from Food Standards
Australia and New Zealandin Appendix I mentions parasites as a possible pathogenic microorganism
which can cause foodborne illness however this is mentioned only once in the document [ 112]. Safe�sh
is funded by the FRDC and is concerned with Australian seafood safety and trade. The `seafood safety
fact sheets' (2015) produced by Safe�sh make no mention of parasites in seafood [113]. At present,
there is a paucity of information regarding zoonotic seafood borne parasites in Australia and it is not
surprising that seafood borne parasitic disease is almost unknown. Globally, diseases from food-borne
parasites are often neglected by Governmental health authorities and o � cial �gures are not re�ective
of the prevalence or incidence of disease [60]. The WHO Foodborne Disease Epidemiology Reference
Group [ 61] commented that despite food borne diseases being a signi�cant worldwide cause of death
and morbidity the full impact of parasites in food is unknown. According to Kirk, et al. [ 114] within
Australia only 28% of people a � ected with food-borne illness will seek medical attention. Absence of
reported cases of seafood-borne parasitic disease have been used as evidence that there is no disease in
Australia [ 115]. However, according to Shamsi and Sheorey [57] misdiagnosis in Australia contributes
to lack of evidence regarding the prevalence of seafood-borne zoonoses and reliable parasite focused
epidemiological data [ 116]. In Australia, where zoonotic parasites are largely unrecognised [ 57], the
lack of reported cases of seafood-borne parasitic disease may more clearly re�ect lack of diagnostic
suspicion rather than absence of disease.

7. Conclusions

It is unlikely that Australia is immune from seafood-borne parasitic disease which has been
widely recognised internationally. The intense cultivation of aquaculture species and the international
trade in both farmed and wild caught seafood is a key factor in establishing global food security.
However, these same endeavors which bring seafood to all corners of the globe are also high risk for
the spread of pathogens and zoonotic parasites. As a member nation of the World Trade Organisation
Australia is bound to uphold the three agreements signed at the Uruguay round of talks collectively
known as the `Marrakesh Agreement' [ 99,117,118] and designed to facilitate between country trade.
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Articles 3, 5 and Article 10 of the SPS encumbers Australian policy makers from implementing any
additional testing procedures for imported edible seafood which would hinder between country trade
without robust scienti�c justi�cation. Support of developing nations to reach international safety and
health standards is a requirement in Article 9 of the SPS [18]. Rather than a downregulation of health
standards to comply with international trade agreements perhaps increased support of the seafood
industry in developing nations to achieve upregulation of food safety compliance may be a positive
step forward. Australian biosecurity is considered exemplary. However, as the onus for inspection of
seafood imported to Australia is increasingly awarded to exporters the issue is focused away from the
strength of Australian food biosecurity towards trust in the international food safety standards.
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Appendix A

Table A1. Appendix A Represents all Codex Alimentarius food safety codes of practice /standards and
guidelines relating to zoonotic parasites in seafood. In orange are those documents which contain
speci�c advice pertaining to zoonotic parasite and those which do not are shaded in green. Table
developed from information at Food and Agriculture Organisation (2018) and information is taken
verbatim from each of the codes of practice/standards and guidelines which relate to control of
zoonotic parasites.

Codex Codes of Practice Codex Code of Practice which Relate to Parasite in Fish Processing

CAC/RCP 1-1969(Last
updated 2003) General
principles of food hygiene

5.3 INCOMING MATERIAL REQUIREMENTS No raw material or ingredient should be
accepted by an establishment if it is known to contain parasites, undesirable micro-organisms,
pesticides, veterinary drugs or toxic, decomposed or extraneous substances which would not be
reduced to an acceptable level by normal sorting and /or processing. Where appropriate,
speci�cations for raw materials should be identi�ed and applied.

CAC/RCP 52-2003(Last
updated 2016) Code of
practice for �sh and
�shery products

2.5 Candling Passing �llets of �sh over a translucent Filluminated from below to detect parasites
and other defects. Hot is generally su� cient to kill parasites, to destroy non-sporulated bacterial
pathogens and to injure spores of human health concern.

5. Unless they can be reduced to an acceptable level by normal sorting and/or processing, no �sh,
shell�sh or other aquatic invertebrates should be accepted if they are known to contain parasites.
5.2 Parasites of public health signi�cance: trematodes, nematodes, cestodes

6.2Infection with nematode parasites is absent from, or very much reduced in, farmed salmon
compared with salmon caught in the wild

9.1.1. Raw, fresh or frozen �sh reception Potential hazards: microbiological contamination,
viable parasites

Training in species identi�cation and communication in product speci�cation should be provided
to �sh handlers and appropriate personnel to ensure a safe source of incoming �sh where written
protocols exist. Warranting special consideration are the reception and sorting of �sh species that
pose a risk from parasites. 9.1.3. Frozen storagePotential hazards: microbiological
contamination, toxins, viable parasites. For killing parasites harmful to human health, the
freezing temperature and monitoring of duration of freezing should be combined with good
inventory control to ensure su � cient cold treatment. 9.1.6 Filleting, skinning, trimming and
candling Potential hazards: viable parasites, Potential defects: parasites. 9.1.6. Candling of
skinless �llets by skilled personnel, in a suitable location that optimizes the illuminating e � ect, is
an e� ective technique in controlling parasites (in fresh �sh) and should be employed when
implicated �sh species are being used.
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Table A1. Cont.

Codex Codes of Practice Codex Code of Practice which Relate to Parasite in Fish Processing

CAC/RCP 52-2003(Last
updated 2016) Code of
practice for �sh and
�shery products

9.3.1 Freezing processPotential hazards: viable parasites. For killing parasites harmful to human
health, the freezing temperature and monitoring of duration of freezing should be combined with
good inventory control to ensure su � cient cold treatment. 9.4.1 Mincing �sh using mechanical
separation process, Potential defects: parasites. Candling is recommended for �sh suspected of
high infestation with parasites

10.1 General considerations of hazards and defects for frozen surimi production. Parasites
will not be a hazard as the �nal product will be cooked or pasteurized. 10.1.2 Myxosporidia is a
parasite that is common in marine ground�sh such as Paci�c whiting. This organism contains
protease enzymes that chemically separate proteins that can ultimately a� ect the gel strength of
surimi even at very low incidence. If species are used that are known to contain this parasite,
protease inhibitors such as beef plasma protein or egg whites may be needed as additives to attain
the necessary gel strength capabilities for kamaboko or crab analogue production.

12. Processing of salted and dried salted �sh, 12.1 Where appropriate, fresh �sh intended for
processing salted �sh should be checked for visible parasites. Freezing, heating or adequate
combination of salt content and storage time can be used as treatment procedures for killing living
parasites. 12.2 Preparing for salting. 12.2.1 Splitting, washing and rinsing , visible parasites
should be removed. 12.4.1 Brining: Potential hazards: viable parasites. 12.4.2 Brine injection:
Potential hazards: viable parasites. 12.4.3 Wet-salting: Potential hazards: viable parasites.
12.4.4 Dry-salting Potential hazards: viable parasites. 12.4.5 Pickling: Potential hazards: viable
parasites. 12.4.6 Maturing: Potential hazards: viable parasites.

13. Smoked �sh, smoke-�avoured �sh and smoke-dried �sh. 13.1 Processing of Smoked Fish:
If raw material likely to contain viable parasites is to be used steps must be taken to eliminate this
hazard during processing steps, e.g., freezing, heating or salting the product. Alternatively, the
�nal product should be treated in a way to kill parasites. 13.1.10 Hot smoking Potential hazards:
parasites. 13.1.15 Cooling or freezing Potential hazards: survival of parasites. If freezing at this
process step is carried out to kill parasites, a time/temperature regime has to be chosen as laid
down in Annex I of the Standard for smoked �sh, smoke-�avoured �sh and smoke-dried �sh
(CODEX STAN 311-2013).13.3.2 Smoke-drying. Potential hazards: parasites .

17. Processing of canned �sh. 17.3.5.1 Fish preparation: Potential defects: Parasites .

ANNEX I. Potential hazards associated with fresh �sh, shell�sh and other aquatic
invertebrates. 1.1 Parasites The parasites known to cause disease in humans and transmitted by
�sh are broadly classi�ed as helminths or parasitic worms. These are commonly referred to as
nematodes, cestodesand trematodes. Fish can be parasitized by protozoans, but there are no
records of �sh protozoan disease being transmitted to human beings. Parasites have complex life
cycles involving one or more intermediate hosts and are generally passed to human beings
through the consumption of raw, minimally processed or inadequately cooked products that
contain the parasite infectious stage, causing foodborne disease. Freezing at� 20 � C or below for
seven days or � 35 � C for about 20 h for �sh intended for raw consumption will kill parasites.
Processes such as brining or pickling may reduce the parasite hazard if the products are kept in
the brine for a su� cient time but may not eliminate it. Candling, trimming belly �aps and
physically removing the parasite cysts will also reduce the hazards but may not eliminate them .

Nematodes Many species of nematode are known to occur worldwide and some species of marine
�sh act as secondary hosts. Among the nematodes of greatest concern areAnisakis spp.,
Capillaria spp., Gnathostoma spp. and Pseudoteranova spp., which can be found in the liver,
belly cavity and �esh of marine �sh. An example of a nematode causing disease in human beings
is Anisakis simplex ; the infective stage of the parasite is killed by heating (60 � C for one minute)
and by freezing ( � 20 � C for 24 h) of the �sh core

Cestodesare tapeworms and the species of greatest concern associated with the consumption of
�sh is Dibothriocephalus latus . This parasite occurs worldwide and both fresh and marine �sh
are intermediate hosts. Similar to other parasitic infections, the foodborne disease occurs through
the consumption of raw or under-processed �sh. Similar freezing and cooking temperatures as
applied to nematodes will kill the infective stages of this parasite.

Trematodes Fish-borne trematode (�atworm) infections are a major public health problem
endemic to approximately 20 countries around the world. The most signi�cant species in terms of
the number of people infected belong to the genera Clonorchis and Ophisthorchis (liver �ukes),
Paragonimus (lung �ukes), and, to a lesser extent, Heterophyesand Echinochasmus (intestinal
�ukes). The most important de�nitive hosts of these trematodes are human beings or other
mammals. Freshwater �sh are the second intermediate host in the life cycles of Clonorchis and
Ophistorchis , and freshwater crustaceans in the case ofParagonimius. Foodborne infections
occur through the consumption of raw, undercooked or otherwise under-processed products
containing the infective stages of these parasites. Freezing �sh at � 20 � C for seven days or at � 35
� C for 24 h will kill the infective stages of these parasites
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Table A1. Cont.

Codex Codes of Practice Codex Code of Practice which Relate to Parasite in Fish Processing

CAC/GL 48-2004(Last
updated 2004) Model
certi�cate for �sh and
�shery product

CAC/GL 31-1999 (Last
updated 1999) Guidelines
for the Sensory Evaluation
of Fish and Shell�sh in
Laboratories

Annexe 1. Belly cavity guts (in intact �sh): intact, digested cleanliness (in gutted �sh): completely
gutted and cleaned, incompletely gutted, not washed belly walls: bright, clean, discoloured,
digested parasites: absent, present blood: bright, red, brown

CAC/GL 83-2013(Last
updated 2015) Principles
for the use of sampling and
testing in international
food trade

CAC/GL 88-2016(Last
updated 2016) Guidelines
on the Application of
General Principles of Food
Hygiene to the Control of
Foodborne Parasites

Codex Standard Codes Codex Standard Guideline Which Apply to for Parasite in Seafood Product

CODEX STAN 3-1981
(Last updated 2011)
Standard for
Canned Salmon

CODEX STAN 36-1981
(Last updated 2017)
Standard for Quick Frozen
Fin�sh, Uneviscerated
and Eviscerated

8.4.2 Flesh abnormalities A sample unit a � ected by excessive gelatinous condition of the �esh
together with greater than 86% moisture found in any individual �sh or sample unit with pasty
texture resulting from parasitic infestation a� ecting more than 5% of the sample unit by weight.

CODEX STAN 37-1991
(Last updated 2016)
Standard for Canned
Shrimps or Prawns

CODEX STAN 70-1981
(Last updated 2016)
Standard for Canned Tuna
and Bonito

CODEX STAN 90-1981
(Last updated 2016)
Standard for Canned
Crab Meat

CODEX STAN 92-1981
(Last updated 2017)
Standard for Quick Frozen
Shrimps or Prawns

CODEX STAN 94-1981
(Last updated 2016)
Standard for Canned
Sardines and
Sardine-Type Products

CODEX STAN 95-1981
(Last updated 2017)
Standard for Quick
Frozen Lobsters

CODEX STAN 119-1981
(Last updated 2016)
Standard for
Canned Fin�sh
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Table A1. Cont.

Codex Codes of Practice Codex Code of Practice which Relate to Parasite in Fish Processing

CODEX STAN 165-1989
(Last updated 2017)
Standard for Quick Frozen
Blocks of Fish Fillets,
Minced Fish Flesh and
Mixtures of Fillets and
Minced Fish Flesh
Amended (2017)

7.4 Procedure for the Detection of Parasites for skinless blocks of �sh �llets (Type I method) The
entire sample unit is examined non-destructively by placing appropriate portions of the thawed
sample unit on a 5-mm thick acryl sheet with 45% translucency and candled with a light source
giving 1500 lux 30 cm above the sheet.

8.3 ParasitesThe presence of two or more parasites per kg of the sample unit detected by a
method described in 7.4 with a capsular diameter greater than 3 mm or a parasite not
encapsulated and greater than 10 mm in length.

CODEX STAN 166-1989
(Last updated 2017)
Standard for Quick Frozen
Fish Sticks (Fish Fingers),
Fish Portions and Fish
Fillets—Breaded or
in Batter

CODEX STAN 167-1989
(Last updated 2016)
Standard for Salted Fish
and Dried Salted Fish of the
Gadidae Family of Fishes

CODEX STAN 189-1993
(Last updated 1993)
Standard for Dried
Shark Fins

CODEX STAN 190-1995
(Last updated 2017)
Standard for Quick Frozen
Fish Fillets

7.4 Procedure for the Detection of Parasites (Type 1 Method) in skinless �llets The entire
sample unit is examined non-destructively by placing appropriate portions of the thawed sample
unit on a 5 mm thick acryl sheet with 45% translucency and candled with a light source giving
1500 lux 30 cm above the sheet.

8.3 ParasitesThe presence of two or more parasites per kg of the sample unit detected by the
method described in 7.4 with a capsular diameter greater than 3 mm or a parasite not
encapsulated and greater than 10 mm in length.

8.6 Flesh abnormalities A sample unit a � ected by excessive gelatinous condition of the �esh
together with greater than 86% moisture found in any individual �llet or a sample unit with pasty
texture resulting from parasitic infestation a� ecting more than 5% of the sample unit by weight.

CODEX STAN 191-1995
(Last updated 1995)
Standard for Quick Frozen
Raw Squid

CODEX STAN 236-2003
(2003)Standard for Boiled
Dried Salted Anchovies

CODEX STAN 244-2004
(Last updated, 2018)
Standard for Salted Atlantic
Herring and Salted Sprat

3.1Fish Salted Atlantic herring and salted sprats shall be prepared from sound and wholesome
�sh which are of a quality �t to be sold fresh for human consumption after appropriate
preparation. Fish �esh shall not be obviously infested by parasites.

5.4 ParasitesFish �esh shall not contain living larvae of nematodes. Viability of nematodes shall
be examined according to Annex I. If living nematodes are con�rmed, products must not be
placed on the market for human consumption before they are treated in conformity with the
methods laid down in Annex II

7.1 Sampling plan for containers (Barrels)
Sampling of lots for pathogenic microorganisms and parasites will be in accordance with the
Principles and Guidelines for the Establishment and Application of Microbiological Criteria
Related Foods (CXG 21-1997).
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Codex Codes of Practice Codex Code of Practice which Relate to Parasite in Fish Processing

CODEX STAN 244-2004
(Last updated, 2018)
Standard for Salted Atlantic
Herring and Salted Sprat

8.1.2 ParasitesThe presence of readily visible parasites in a sample of the edible portion of the
sample unit detected by normal visual inspection of the �sh �esh (see Annex III).
ANNEX I VIABILITY TEST FOR NEMATODES Principle Nematodes are isolated from �sh
�llets by digestion, transferred into 0.5% Pepsin digestion solution and inspected visually for
viability. Digestion conditions correspond to conditions found in the digestive tracts of mammals
and guarantee the survival of nematodes. Equipment—Stacked sieves (diameter: 14 cm or larger,
mesh size: 0.5 mm)—Magnetic stirrer with thermostated heating plate—Normal laboratory
equipment Chemicals—Pepsin 2000 FIP-U/g—Hydrochloric acid Solution A: 0.5% ( w/v) Pepsin in
0.063 M HCl Procedure Fillets of approximately 200 g are manually shredded and placed in a 2 l
beaker containing 1 l Pepsin solution A. The mixture is heated on a magnet stirrer to 37 � C for 1–2
h under continuous slow stirring. If the �esh is not dissolved, the solution is poured through a
sieve, washed with water and the remaining �esh is quantitatively replaced in the beaker. 700 mL
digestion solution A is added and the mixture stirred again under gentle heating (max. 37 � C)
until there are no large pieces of �esh left. The digestion solution is decanted through a sieve and
the content of the sieve rinsed with water. Nematodes are carefully transferred by means of small
forceps into Petri dishes containing fresh Pepsin solution A. The dishes are placed on a candling
dish, and care has to be taken not to exceed 37� C. Viable nematodes show visible movements or
spontaneous reactions when gently probed with dissecting needles. A single relaxation of coiled
nematodes, which sometimes occurs, is not a clear sign of viability. Nematodes must show
spontaneous movement. Attention When checking for viable nematodes in salted or sugar salted
products, reanimation time of nematodes can last up to two hours and more. Remarks Several
other methods exist for the determination of viability of nematodes (e.g., ref. 2, 3). The described
method has been chosen because it is easy to perform and combines isolation of nematodes and
viability test within one step.
ANNEX II Treatment procedures su � cient to kill living nematodes —e.g., freezing to � 20 � C
for not less than 24 h in all parts of the product—the adequate combination of salt content and
storage time (To be elaborated)—or by other processes with the equivalent e� ect (To be elaborated)
ANNEX III Determination of the presence of visible parasites 1. The presence of readily visible
parasites in a sample unit that is broken into normal bite-size pieces 20–30 mm of �esh by the
thickness of the �llet. Only the normal edible portion is considered even if other material is
included with the �llet. Examination should be done in an adequately lighted room (where a
newspaper may be read easily), without magni�cation, for evidence of parasites. 2.
Notwithstanding paragraph 1, the veri�cation of the presence of parasites in intermediate entire
�shery products in bulk intended for further processing could be carried out at a later stage.

CODEX STAN 291-2010
(Last updated 2018)
Standard for Sturgeon
Caviar

CODEX STAN 292-2008
(2015)Standard for Live
and Raw Bivalve Molluscs

CODEX STAN 302-2011
(Last updated 2018)
Standard for Fish Sauce

CODEX STAN 311-2013
(Last updated 2018)
Standard for Smoked Fish,
Smoke-Flavoured Fish and
Smoke-Dried Fish

2.1.2 “Hot smoking” is a process in which �sh is smoked at an appropriate combination of
temperature and time su � cient to cause the complete coagulation of the proteins in the �sh �esh.
Hot smoking is generally su � cient to kill parasites , to destroy non-sporulated bacterial
pathogens and to injure spores of human health concern.

6.3 ParasitesProducts covered by this Standard shall not contain living parasites and particular
attention needs to be paid to cold smoked or smoke-�avoured products, which should be frozen
before or after smoking if a parasite hazard is present (see Annex 1). Viability of nematodes,
cestodes and trematodes shall be examined according to Section 8.10 and/or 8.11.

8.10 Determination of the viability of parasites Methods used for extracting and testing the
viability of parasites could include the method set out in Annex I for nematodes in the Standard
for Salted Atlantic Herring and Salted Sprat (CXS 244-2004) or other validated methods for
parasites acceptable to the competent authority having jurisdiction.

8.11 Determination of visible parasites The entire sample unit is examined for the presence of
parasites non-destructively by placing appropriate portions of the thawed (if necessary) sample
unit on a 5 mm thick acryl sheet with 45% translucency and candled with a light source giving
1500 lux 30 cm above the sheet.

9.2 ParasitesThe presence of two or more visible parasites per kg of the sample unit detected by
the method described in 8.11 with a capsular diameter greater than 3 mm or a parasite not
encapsulated and greater than 10 mm in length.
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CODEX STAN 311-2013
(Last updated 2018)
Standard for Smoked Fish,
Smoke-Flavoured Fish and
Smoke-Dried Fish

ANNEX I
Procedures su� cient to kill parasites A method that is acceptable to the competent authority
having jurisdiction shall be used to kill parasites. Where freezing is required to kill parasites (i.e.,
cold smoked �sh and smoke-�avoured �sh) the �sh must be frozen either before or after
processing to a temperature time combination su � cient to kill the living parasites. Examples of
freezing processes that may be su� cient to kill some or all parasites are:

� Freezing at � 20 � C at the thermal centre of the product for 24 h (for Anisakis species and
Pseudoterranova decipiens only) 1;

� Freezing at � 35 � C at the thermal centre of the product for 15 h (all parasites) 2–5;
� Freezing at � 20 � C at the thermal centre of the product for 168 h (7 days) 2–5 (all parasites).

CODEX STAN 312-2013
(Last updated 2016)
Standard for Live Abalone
and for Raw Fresh Chilled
or Frozen Abalone for
Direct Consumption or for
further Processing

CODEX STAN 315-2014
(Last updated 2017)
Standard for Fresh and
Quick Frozen Raw Scallop
Products (2014)

8.6 Examination for Parasites The presence of readily visible parasites in a sample unit detected
by normal visual inspection of the scallops.

9.4 ParasitesThe presence of parasites should not be at an objectionable level.

CODEX STAN 329-2017
(Last updated 2017)
Standard for Fish Oils
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AIM 2 : Published manuscript. To conduct a systematic review of cases of fish 

substitution globally and to analyse substitution combinations which may increase the human 

health risk from zoonotic parasites. This aim is achieved through one published manuscript.  
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increase human health risks from zoonotic seafood borne parasites: A review. Food 
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AIM 3: Manuscript under review. To gain a better understanding of FP related illness 

in Australia through the use of an online survey. This aim is achieved through one under 

review manuscript: 

Williams, M., Shamsi, S. & Hernandez-Jover, M. (2021). Short Communication: Fishery 

products and foodborne illness in Australia (under review Fishes).  

Manuscript: Fishery products and the risk of foodborne illness in Australia  
 

Michelle Williams*, Shokoofeh Shamsi, & Marta Hernandez-Jover 

Manuscript under review: (17/2/2023): Fishes 

Abstract 

Limited information is available regarding the causal link between seafood and human illness 

in Australia. In this pilot study, a survey was used to better understand seafood related illness. 

From a total of 90 responses to the survey, 31 participants reported a seafood illness. Among 

these, twenty-five respondents (80.6%) reported where seafood associated with illness was 

�S�U�H�S�D�U�H�G���D�W�����Z�L�W�K���µ�U�H�V�W�D�X�U�D�Q�W�V�¶�����Q��� �����������������������µ�K�R�P�H�¶�����Q��� �������������������D�Q�G���µ�W�D�N�H���D�Z�D�\���I�D�V�W���I�R�R�G�¶��

(n = 3, 12%) being the most commonly identified. A total of 25 respondents (80.6%) identified 

the seafood product associated with illness, with oysters being the most reported product (n = 

6, 24%), followed by prawns (n = 5, 20%) and salmon (n = 2, 8%). One participant reported 

illness after consumption of medicinal fish oil and another after consumption of canned tuna. 

�7�K�H���S�U�H�S�D�U�D�W�L�R�Q���P�R�V�W���F�R�P�P�R�Q�O�\���L�G�H�Q�W�L�I�L�H�G���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���L�O�O�Q�H�V�V���Z�D�V���µ�I�U�H�V�K�����V�H�U�Y�H�G���F�R�R�N�H�G�¶��

���Q��� �����������������������������������I�R�O�O�R�Z�H�G���E�\���µ�I�U�R�]�H�Q�����V�H�U�Y�H�G���F�R�R�N�H�G�¶���D�Q�G���µ�I�U�H�V�K�����V�H�U�Y�H�G���U�D�Z�¶�����Q��� ����������������

each, 20.7%). Symptoms commonly reported were stomach pains/cramps (n = 24 / 30, 80%) 

associated with vomiting/diarrhoea (n = 10 / 29, 33.3%). Four participants with a seafood borne 

illness attended a doctor, two the hospital, with the diagnoses being food poisoning (n = 4)/Bali 

belly (n = 1). The reason for cooked seafood products causing illness, and the possible 

connection between the seafood borne nematode Anisakis allergens in canned fish and 

medicinal fish oil could be explored in future studies.  

Introduction  

During 2019-2020, Australians consumed an average of 12.4 kg of seafood which was 

comprised of 38.1% of local product, with the rest being imported seafood product (Brown et 
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al., 2020). Australia has a heritage of recreational fishing as a popular activity and fishing is a 

cultural imperative for many Aboriginal Peoples which also significantly offsets the economic 

food burden of many communities (Henry & Lyle, 2003; Prayaga et al., 2010; Ryan et al., 

2015; Smyth et al., 2018). In the Australian Dietary Guidelines, fish is one of several proteins 

recommended as part of a healthy diet (Friel et al., 2014). Regular seafood consumption is 

linked to increased cardiovascular health (Kris-Etherton et al., 2003; Rimm et al., 2018) and 

foetal/infant growth and neurodevelopment (Fewtrell et al., 2004; Helland et al., 2003; Hibbeln 

et al., 2007; Starling et al., 2015).  

Along with the nutrients and benefits derived from seafood consumption there are some 

potential risks associated with eating contaminated seafood. Large outbreaks and sporadic or 

singular cases of human illness have been reported globally in association with zoonotic 

seafood borne pathogens. The principal seafood borne contaminants associated with outbreaks 

of human illness globally include parasites (Aung et al., 2017; Camacho et al., 2003; Chai et 

al., 2003b; Eiras et al., 2018; Maclean et al., 1996; Murata et al., 2021; van Kleef et al., 2009), 

bacteria (Amagliani et al., 2012; Ramamurthy et al., 2014; Suzuki et al., 2018; VT Nair et al., 

2018), viruses (Ki et al., 2019; Loury et al., 2015; Viray et al., 2019; Widdowson et al., 2005), 

contaminants, histamine (Attaran & Probst, 2002; Feng et al., 2016) and ciguatera (Albinali, 

2011; Pennotti et al., 2013; Senthilkumaran et al., 2011), naturally produced compounds, such 

as wax esters in escolar fish (Yohannes et al., 2002) or a simple deficit in personal hygiene 

(Luu et al., 2017). Heavy metals have also been widely reported contaminating edible seafood 

(da Silva & de Oliveira Lima, 2020; Handy & Shaw, 2007; Kumari & Maiti, 2019; Quintela et 

al., 2019; Tamele & Vázquez Loureiro, 2020; van Kleef et al., 2009) and depending on the 

concentration may exert a more pervasive and long-term effect on human health (De Vizcaya-

Ruiz et al., 2009; Lee et al., 2006; Ngoc et al., 2020). In Australia, many of the reported cases 

of seafood borne illness, particularly cases of escolar, histamine and ciguatera poisoning occur 

clustered together and stem from a number of individuals consuming the same tainted food 

(Givney, 2002; Gregory, 2002; Knope et al., 2014; Lehane & Olley, 2000; Lerke et al., 1978; 

Neville & McAnulty, 2004; Yohannes et al., 2002) 

Based on OzFoodNet data (2010-2015) (Aust. Gov., 2020c), in 88.2% of reported cases of 

foodborne illness in Australia the food group is unknown and according to Kirk et al. (2014) 

only approximately 28% of people affected with food-borne illness in Australia will seek 

medical attention. Consequently, the true nature and risks associated with seafood and other 

foodborne illnesses has yet to be adequately explored.  
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Food borne illness disease surveillance is used to detect outbreaks, monitor illness trends, to 

develop and measure preventative strategies and to evaluate the efficacy of public health 

interventions (Hocking, 2003). Brugere et al. (2017) �D�U�J�X�H�V���W�K�D�W���µ�V�\�Q�G�U�R�P�L�F���V�X�U�Y�H�L�O�O�D�Q�F�H�¶���L�V���D��

valid tool to detect the risks associated with emerging diseases and Oidtmann et al. (2013) 

concluded that risk-�E�D�V�H�G�� �V�X�U�Y�H�L�O�O�D�Q�F�H�� �I�R�U�� �G�L�V�H�D�V�H�� �F�D�Q�� �L�Q�F�O�X�G�H�� �µ�W�K�H�� �S�U�R�E�D�E�L�O�L�W�\�� �R�I�� �D�� �K�D�]�D�U�G�¶����

Surveys and focal groups have also been used to better understand consumer perceptions/risk 

management associated with edible seafood/foods (Frewer & Miles, 2003; Green et al., 2003; 

van Kleef et al., 2009). Therefore, in this exploratory pilot study, a survey was used to better 

understand the risk associated with seafood borne illness in Australia and generate further 

hypothesis for further research. 

Materials and methods 

This pilot study survey (Supplementary data) was approved by the Human Research Ethics 

Committee at Charles Sturt University (Protocol number: H20067). A survey questionnaire 

was developed and consisted of a combination of closed (n=25) and open-ended questions 

(n=9). The questions were developed after an appraisal of literature ���-�H�Y�ã�Q�L�N���H�W���D�O�������������������/�L�X��

et al., 2014) and based on common physiological manifestations of human illness for major 

contaminants in seafood. The questions focused on seafood responsible for illness, if medical 

attention was sought, diagnostic tools which may have been employed and the final diagnosis. 

The questionnaire was open to all Australian residents and delivered using the online survey 

tool, SurveyMonkey®. The survey was advertised on Facebook via a dedicated project page in 

September 2020 and included an invitation to participate and to share the survey as appropriate. 

The survey was also advertised on the Facebook page of the Graham Centre for Agricultural 

Innovation (Charles Sturt University) and through internal university channels. The survey was 

closed in May 2021.  

Survey responses were downloaded from the survey platform into Microsoft ® Excel 

(PC/Windows XP. 2013) and checked for errors. A descriptive analysis of the data was 

conducted, using counts and proportions for categorical information and a thematic analysis 

for qualitative data generated from the open-ended questions (Boyatzis, 1998).  

Results  

A total of 90 responses were obtained, forty-two responses from residents in New South Wales 

(NSW); twenty-nine from Victoria; four from Queensland (QLD); six from Western Australia 
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(WA); two from South Australia (SA) and seven with no or an unidentifiable postcode. The 

majority of respondents (76.4%) were female and 34.8% of respondents (n =31) reported 

having become sick after eating seafood. Among those reporting seafood illness, 25 (80.6%) 

identified where the seafood that made them sick was prepared, with the most common place 

�E�H�L�Q�J���µ�U�H�V�W�D�X�U�D�Q�W�V�¶�����Q��� �����������������������I�R�O�O�R�Z�H�G���E�\���µ�K�R�P�H�¶�����Q��� �������������������D�Q�G���µ�W�D�N�H���D�Z�D�\���I�D�V�W���I�R�R�G�¶��

(n = 3, 12%). Similarly, of the 31 respondents who reported having had a seafood related 

illness, 25 (80.6%) identified a specific seafood product associated with the illness. The most 

reported seafood product associated with illness was oysters (n = 6, 24%), followed by prawns 

(n = 5, 20%) and salmon (n = 2, 8%). All those identifying oysters as the seafood product 

causing illness, reported consuming these oysters in restaurants. In contrast, prawns associated 

with illness were reported to be prepared in restaurants (2 out of 5), from take away / fast food 

operations (2 out 5) and at home (1 out of 5). One participant, reported suffering from illness 

due to the consumption of fish oil and another participant reported an illness associated with 

consumption of canned tuna, both with no ongoing illness associated with seafood consumption 

(Figure 16).  

 

Figure 16 Number of seafood products associated with illness and location of occurrence reported by Australian 
consumers participating in a survey in 2021. N/S indicates the seafood product was not identified by survey participants. 

A total of 29 respondents provided information on how the seafood that made them sick was 

�S�U�H�S�D�U�H�G���� �Z�L�W�K�� �W�K�H�� �P�R�V�W���F�R�P�P�R�Q�� �S�U�H�S�D�U�D�W�L�R�Q�� �E�H�L�Q�J�� �µ�I�U�H�V�K���� �V�H�U�Y�H�G�� �F�R�R�N�H�G�¶�� ���Q�� � �� �������� ����������������

�I�R�O�O�R�Z�H�G���E�\�� �µ�I�U�R�]�H�Q���� �V�H�U�Y�H�G���F�R�R�N�H�G�¶�����Q�� � �� ������ ���������������� �µ�I�U�H�V�K���� �V�H�U�Y�H�G���U�D�Z�¶�����Q��� �� ������ �������������� �D�Q�G��

�µ�V�P�R�N�H�G�¶�� ���Q�� � �� ������ ���������������� �2�Q�H�� �U�H�V�S�R�Q�G�H�Q�W�� �L�G�H�Q�W�L�I�L�H�G�� �W�K�H�� �V�H�D�I�R�R�G�� �S�U�R�G�X�F�W�� �E�H�L�Q�J�� �µ�I�U�R�]�H�Q����
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�S�U�H�F�R�R�N�H�G�� �D�Q�G�� �Z�D�U�P�H�G�¶���� �Z�L�W�K�� �D�Q�R�W�K�H�U�� �U�H�V�S�R�Q�G�H�Q�W�� �L�G�H�Q�W�L�I�\�L�Q�J�� �D�� �µ�F�D�Q�Q�H�G�¶�� �S�U�R�G�X�F�W�� �E�H�L�Q�J��

associated with illness.  

Thirty participants provided a response on the symptoms associated with the seafood illness 

they suffered, with the most common symptoms being stomach pains or cramps (n = 24, 80%), 

these being associated with vomiting and diarrhoea (n = 10, 33.3%) only with vomiting (n = 5, 

16.7%), and only with diarrhoea (n = 4, 13.3%). Other symptoms, such as shortness of breath, 

heart palpitations, swelling lips, tongue or throat, tingling of lips or tongue, dizziness or 

fainting, and coughing, were not common, with only one response each. Only four people with 

a seafood borne illness attended a doctor and confirmatory diagnostics were performed for two 

people. Of the four-people attending the doctor, three had a diagnosis, with two being 

diagnosed with food poisoning and one with Bali belly. Among those affected by seafood 

illness, two reported attending the hospital; however, no in-hospital tests or surgeries were 

reported, with the diagnosis in both cases being food poisoning (Figure 17). 

One person reported having had ongoing health issues since becoming sick after eating 

seafood; however, this person did not attend the doctor neither the hospital, therefore a 

confirmatory diagnostic test to confirm diagnosis of an ongoing seafood related condition was 

not performed.  

 

 

 

Discussion 
In the present pilot study, a survey was used to gain insights on seafood borne illness in 

Australia. Results from this study, seem to support conclusions by Kirk et al. (2014), who 

Figure 17. Number of symptoms associated with seafood illness reported by Australian consumers participating in 
a survey in 2021. �3�O�H�D�V�H���Q�R�W�H���µ�R�W�K�H�U���V�\�P�S�W�R�P�V�¶���L�Q�F�O�X�G�H���D���F�R�P�E�L�Q�D�W�L�R�Q���R�I���V�K�R�U�W�Q�H�V�V���R�I���E�U�H�D�W�K�����K�H�D�U�W���S�D�O�S�L�W�D�W�L�R�Q�V�����V�Z�H�O�O�L�Q�J��
lips, tongue or throat, tingling of lips or tongue, dizziness or fainting, and coughing experienced by one responder in the 
absence of other symptoms on the pie diagram and three responders in conjunction with other symptoms on the pie 
diagram. 
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reported that only 28% of those affected by a foodborne illness in Australia will seek medical 

attention and although the current study results are based on a potentially non-representative 

sample of the population, due to a small sample size, they may indicate that this proportion 

could be even lower. The proportion of respondents (19.6%) who had experienced a seafood 

illness but did not identify a specific seafood product associated with the illness does not align 

with OzFoodNet data, which shows a much higher percentage (88.2% during 2010-2015) of 

foodborne illness in Australia is from an unknown food group (Figure 18). Further research 

with a larger and more representative sample of the Australian population is needed to better 

understand the association between specific seafood products and seafood illness.  

 

Figure 18. Cases of foodborne illness in Australia by state from 2010-2015. It is clear that of the overall cases of food 
borne illness reported, the food remains unidentified. New South Wales (NSW), Victoria (VIC), Queensland (QLD), South 
Australia (SA), Northern Territory (NT), Western Australia (WA) and Tasmania (TAS). 

An interesting finding of the survey was that 41.4% of those who experienced a seafood borne 

�L�O�O�Q�H�V�V���� �K�D�G�� �H�D�W�H�Q�� �³�I�U�H�V�K���� �V�H�U�Y�H�G�� �F�R�R�N�H�G�´�� �V�H�D�I�R�R�G���� �,�W�� �L�V�� �J�H�Q�H�U�D�O�O�\�� �U�H�S�R�U�W�H�G�� �W�K�D�W�� �U�D�Z�� �R�U��

undercooked seafood poses a greater risk for seafood borne illness from seafood borne 

pathogens than properly cooked seafood (Iwamoto et al., 2010). As opposed to other proteins 

such as poultry, seafood is frequently prepared in ways that fail to kill pathogens (Su & Liu, 

2007). It is unknown from survey responses if the particular seafood implicated in cases of 

human illness reached an internal temperature required to kill all pathogens.  

Interestingly, one respondent reported a seafood illness associated with consumption of fish oil 

and another with canned tuna. No ongoing seafood illness associated with subsequent fish 

consumption was indicated by either responder which seems to rule out seafood allergy as the 

cause. The zoonotic seafood borne parasites belonging to Anisakis spp. have allergens which 
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are heat, freezing and pressure stable and able to cause allergic reaction in sensitised consumers 

(Caballero & Moneo, 2004; Carballeda-Sangiao et al., 2014; Carballeda-Sangiao et al., 2016; 

Mattiucci et al., 2018; Moneo et al., 2005). In excess of a quarter of wild fish harvested are 

unpalatable oily fish (Pike & Jackson, 2010) and used, along with trimmings of fish with a high 

fat content, in production of fish oil (Levsen et al., 2005; Pike & Jackson, 2010). In other 

countries, the belly flaps and fish viscera of these fatty fish species are known to be highly 

contaminated with Anisakis sp. (Adams et al., 1997; Levsen & Lunestad, 2010). Many fish oil 

supplements are labelled with a warning to avoid if allergic to fish, however, cases which 

describe fish oil allergy are absent from literature (Mark et al., 2008). For similar reasons 

dyspepsia/allergy frequently found in some sensitized patients after consumption of well 

cooked fish (Carballeda-Sangiao et al., 2014) and canned tuna/fish (Caballero & Moneo, 2004; 

Montoro et al., 1997; Ventura et al., 2008) may be linked to heat and canning pressure stable 

allergens in anisakids (Tejada et al., 2015). Of the known anisakids, Anisakis simplex s. s. is 

able to migrate into fish musculature (Suzuki et al., 2010a). In a review of literature, published 

between 1916 and 2020, Shamsi (2021) demonstrated that Anisakis simplex s. s. does not occur 

in Australia, however, the majority of fish oil (Sabatini, 2016), canned tuna and generic fish 

(FRDC, 2020b; Savage & Hobsbawn, 2015) is imported into Australia and it cannot be 

discounted that allergens associated with A. simplex (s.s) or A. pegreffii (Mattiucci et al., 2018) 

are present in these products. 

Tuna is also highly susceptible to the development of histamine, which is heat stable (Gonzaga 

et al., 2009), and is responsible globally for outbreaks of seafood illness (Feng et al., 2016). A 

rise in cases of histamine poisoning in Victoria, Australia has been attributed to canned tuna 

(Kerr et al., 2002) and a third of these cases (2001-2013) showed histamine concentration levels 

below the Australian standard of 200 mg/kg (Knope et al., 2014). Bartholomew et al. (1987) 

and Clifford et al. (1989) concluded that where a correlation between high histamine in fish 

and human illness cannot be made then another toxin which caused similar symptoms may be 

responsible.  

As was expected, the survey showed that oysters served raw and seafood served at restaurants 

were the most commonly associated product and source of reported seafood illnesses. Many 

pathogens concentrate in bivalve molluscs such as oysters, which filter-feed and are therefore 

highly susceptible to contamination due to poor water quality (Iwamoto et al., 2010). The 

commercial food sector and restaurants have been widely reported in foodborne disease 

globally (Gormley et al., 2012; Kim et al., 2018; Swanger & Rutherford, 2004), and the 
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Australian OzFoodNet also shows restaurants as venues of concern for contracting a seafood 

related illness (Aust. Gov., 2020c).  

Conclusion 

The present study used a survey to better understand seafood related illness in Australia. 

Despite the limited sample size, which could have led to selection bias in the results obtained, 

the study showed that over a third of respondents had experienced a seafood related illness and 

�R�Q�O�\���D���Y�H�U�\���V�P�D�O�O���S�H�U�F�H�Q�W�D�J�H���K�D�G���V�R�X�J�K�W���P�H�G�L�F�D�O���K�H�O�S�����7�K�H���G�L�D�J�Q�R�V�L�V���Z�D�V���³�I�R�R�G���S�R�L�V�R�Q�L�Q�J�´���L�Q��

the majority of cases and very few confirmatory tests were used for diagnosis. A limitation of 

the present study is that the majority of survey participants assumed that illness was linked to 

seafood and the condition was not medically diagnosed. Therefore, a direct causal link cannot 

be confirmed between consumption of seafood and illness. The results of this study however, 

do support that seafood illness in Australia maybe under reported and underdiagnosed and 

further research it warranted to gain a more representative and in-depth knowledge of this 

public health issue. In addition, future research on histamine and Anisakis allergens in canned 

fish and fish oil would contribute to better understand the potential public health risks.  
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AIM 4: Additional unpublished investigation . To identify Anisakis sp. DNA in 

�F�D�Q�Q�H�G�� �R�U�� �E�O�H�Q�G�H�G�� �S�U�R�F�H�V�V�H�G�� �Z�L�O�G�� �F�D�X�J�K�W�� �)�3�� �I�U�R�P�� �µ�,�8�8�� �R�U�� �X�Q�U�H�S�R�U�W�H�G�� �F�D�W�F�K�� �K�L�J�K�� �U�L�V�N�¶��

countries using molecular methodology. 

The identification of Anisakid DNA in canned and processed fish products 
imported into Australia.   

Introduction  

In 2020, a staggering 42256.64 tonne of prepared or preserved tuna, 6419.19 tonne of processed 

fish products (FP) and 5703.58 and 5407.11 tonne of prepared and preserved sardine and 

salmon species respectively were imported into Australia (Figure 19) (FRDC, 2020b). 

Therefore, verification of the safety of these edible canned or blended processed FP is 

important. Parasites in fish are a recognised biological hazard (Mossali et al., 2010) and 

numerous cases of human illness have been reported after consumption of parasite infected 

imported FP globally (Attia et al., 2012; Autier et al., 2019; Cole et al., 2014; Ko et al., 2019; 

Paugam et al., 2009; Shimizu et al., 2012; Wicht et al., 2007; Yera et al., 2013; Youssef et al., 

1989).  

 

The international code of practice for edible FP, as set down by Codex Alimentarius, lists 

Anisakis �V�S�S�����D�V���µ�D�P�R�Q�J���W�K�H���Q�H�P�D�W�R�G�H�V���R�I���J�U�H�D�W�H�V�W���F�R�Q�F�H�U�Q�¶��(Codex, 2020a). Human infection 

Figure 19. Major exporters of processed fishery products into Australia by volume in 2020. Blue lines represent preserved 
and prepared salmon; red: tuna; green: sardine species; and tan: blended fish products. Numbers in bold are amount in tonnes. 
Figure compiled from trade data available at FRDC (2020c)  
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with Anisakis spp. is generally associated with consumption of raw or undercooked seafood 

infected with the L3 stage of the parasite (Adroher-Auroux & Benítez-Rodríguez, 2020; 

Pampiglione et al., 2002). In these cases of human infection, clinical conditions may be 

asymptomatic or vary from mild and transient to acute, chronic and even life threatening 

(Adroher-Auroux & Benítez-Rodríguez, 2020; Barbarroja-Escudero et al., 2016; Hoshino & 

Narita, 2011; Song et al., 2019a; Valle et al., 2012; Ventura et al., 2013).  

The infective stage of Anisakis spp. is killed by freezing (�±20 °C for 24 hours) or heating at 

60°C for one minute (Codex, 2020a), however a number of the excretory and secretory 

compounds of A. simplex are pepsin, heat and freezing stable (Audicana & Kennedy, 2008; 

�&�D�U�D�E�D�O�O�R���	���&�R�U�R�Q�D�G�R�����������������*�R�Q�]�D�O�H�]�(�0�X�Q�R�]���H�W���D�O����������������. As a result, A. simplex allergens 

in cooked fish may cause allergic reactions in sensitized patients (Audicana & Kennedy, 2008; 

Caballero et al., 2013; Carballeda-Sangiao et al., 2014; Carballeda-Sangiao et al., 2016). For 

this reason, dyspepsia and allergies frequently found in some A. simplex sensitized patients 

after consumption of well-cooked and canned FP (Caballero & Moneo, 2004; Carballeda-

�6�D�Q�J�L�D�R���H�W���D�O�������������������)�D�O�F�m�R���H�W���D�O�������������������0�R�Q�W�R�U�R���H�W���D�O�������������������9�H�Q�W�X�U�D���H�W���D�O�������������������9�L�G�D�þ�H�N���H�W��

al., 2011) may be linked to Anisakis heat and canning pressure stable allergens (Tejada et al., 

2015) (Figure 20). Anisakis simplex s.s. has historically been associated with allergic conditions 

such as urticaria and anaphylaxis in sensitised people however A. pegreffii has been 

increasingly implicated in cases of allergic anisakiasis (Alonso-Gómez et al., 2004; Heffler et 

al., 2016; Mattiucci et al., 2017a; Mattiucci et al., 2013). Many species of fish, commonly 

imported canned or as an included ingredient of other processed blended FP, sardines, 

anchovies, bonito, tuna, herring and salmon are susceptible to infection with A. simplex or A. 

pegreffii (Bao et al., 2017; Cipriani et al., 2018; Levsen & Lunestad, 2010; Mo et al., 2021; 

Molina-Fernández et al., 2015; Murata et al., 2021; Serracca et al., 2014; Serrano-Martínez et 

�D�O�������������������ä�L�O�L�ü���	���0�O�D�G�L�Q�H�R��������������. 

The European Food Safety Authority has introduced a requirement for the routine testing for 

canned FP using PCR method (EFSA, 2010., Herrero, Vieites, & Espiñeira, 2011) for A. 

simplex. The initiative of EFSA exceeds the international food safety recommendations set 

down by Codex Alimentarius which does not advise testing for A. simplex DNA in edible 

canned or blended/or processed FP (Codex, 2020b). Recommendations for detection of 

�S�D�U�D�V�L�W�H�V���L�Q���L�P�S�R�U�W�H�G���)�3���D�U�H���D�E�V�H�Q�W���I�U�R�P���W�K�H���F�X�U�U�H�Q�W���$�X�V�W�U�D�O�L�D�Q���µImported Food Control Order�¶��

�D�Q�G���I�U�R�P���W�K�H���µ�V�F�K�H�G�X�O�H�V�¶���R�U���F�X�U�U�H�Q�W���L�P�S�R�U�W�H�G���I�R�R�G���D�G�Y�L�F�H���L�Q���W�K�H���µAustralian and New Zealand 

Food Standards Code�¶�����)�=�$�1�=����(FSANZ, 2021a, 2021b). 
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In Williams et al. (2020a) a risk scoring method for illegal, unregulated and unreported (IUU) 

fishing was developed. The study used seven predictor variables to score each country which 

�H�[�S�R�U�W�V���)�3���W�R���$�X�V�W�U�D�O�L�D���W�R���D�F�K�L�H�Y�H���W�K�H���R�X�W�F�R�P�H���Y�D�U�L�D�E�O�H���R�I���µIUU or unreported catch high risk�¶����

The amount of unreported catch from highest scoring countries was calculated in the same 

study and each high-risk country was given a unique and anonymous identifier.  

 

It is impossible to visualise nematode larvae in canned FP products (Figure 21) and in 

processed products larvae are likely to have been destroyed. Therefore, the purpose of the 

present study was to test a range of canned and processed FP imported into Australia from three 

�µIUU or unreported catch high risk�¶���F�R�X�Q�W�U�L�H�V���X�V�L�Q�J���D���I�R�R�G���V�D�I�H�W�\���N�L�W���D�S�S�U�R�Y�H�G���E�\���W�K�H���,�W�D�O�L�D�Q��

Ministry for Health for detection of Anisakis sp. DNA in FP. Detection of Anisakis sp. DNA 

in FP is used by EFSA and in this study as indirect evidence of Anisakis allergens which may 

pose a human health risk for Australian consumers. 

Materials and Methods 

Five different types of commercially available canned or processed FP (n = 60) were purchased 

from several supermarkets in NSW during 2021 (Table 14). A blended anchovy product (PA) 

(n = 12 /25 g & n = 2 /50 g); blended salmon/crustacea product (PB) (n = 5 / 50g); blended 

sardine product (PC) (n = 15 / 75g); tuna chunks in can (PD) (n = 11 / 95g) and whole sardine 

in can (PE) (n = 15 / 125g). Fishery products PA and PB were from Country 19; PC from 

Country 59 and products PD and PE from Country 74. In Williams et al. (2020a), Country 19 

was the third highest scoring country for �µIUU or unreported catch high risk�¶, Country 59 the 

fourth and Country 74 the sixth. 

Figure 20. Risk factors for contamination of canned or blended processed fishery products with Anisakis 
DNA. 
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The DNA extraction and qPCR followed the methods described in Generon ION Force DNA 

Extractor Fast® and Generon Anisakis/Pseudoterranova/IAC 3-plex Assay®. Both kits have 

been endorsed by the Italian Ministry of Health to identify Anisakis and Pseudoterranova 

species DNA in edible FP. The ION Force DNA Extractor Fast® kit contained preformulated 

Solution A & D, buffers P, E and T and DNA purification solution. The 

Anisakis/Pseudoterranova/IAC 3-plex Assay® kit contained preformulated OLIGO mix, 

GENErase ULTRA PLUS master mix and positive and negative controls. Anisakis pegreffii 

DNA from a previous study was used as the reference sample. For the purpose of 

confidentiality information which could lead to the identification of the exporting country has 

been omitted from all supporting data and the manuscript.  

Table 14. Product description and anonymous Country identifiers from Williams et al. (2020a) 

Identifier  Description Number  Anonymous identifier 

PA Blended anchovy product (n = 12/25g & n 
= 2/50g) 

14 Country 19 

PB Blended salmon/crustacea product (50g) 5 Country 19 

PC Blended sardine product (75g) 15 Country 59 

PD Tuna chunks in can (95g) 11 Country 74 

PE Whole sardine in can (125g) 15 Country 74 

 

DNA extraction methodology 

The respective FP if required were homogenised before adding 5g of the homogenised product 

(HP) to a sterile 50mL centrifuge tube followed by 20mL of solution A. The HP, solution A 

Figure 21. Row A: images of suspected 
nematode larvae from canned FP and 
row B nematode larvae from a previous 
study after autoclaving. Row A images 
were recovered from canned FP and 
suspected of being nematode larvae 
however all were later identified as muscle 
fibres. In an effort to understand how 
nematode larvae may look after canning, 
nematode larvae from a previous study 
were autoclaved. Very little remains of 
internal structures in autoclaved 
specimens in row B and many of the 
nematode larvae burst as can be observed 
in the 2nd image of row B. 

A 

B 
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mix (HP/A) was vortexed for one minute and then placed in an 85°C water bath for one hour. 

�7�K�H�� �+�3���$�¶�V�� �Z�H�U�H�� �D�J�L�W�D�W�H�G�� ��-3 times during incubation and after one hour were placed in a 

centrifuge at 4000 revolutions per minute (RPM) for 20 minutes. One mL of the upper aqueous 

phase of the HP/A was then transferred to a sterile 2mL microtube and 0.8mL of buffer E 

added. This mixture was vortexed for a one-minute followed by five minutes centrifuge at 

10000 RPM. Following centrifugation 0.5mL of the subnatant was transferred into a sterile 

10mL tube containing 5mL of buffer T and the solution gently mixed. The solution was then 

manually passed through DNA binding columns (DNA/BC) at a rate of approximately one 

drop per second. The column wash with 3 x 0.75mL of buffer P followed the same procedure. 

The DNA/BC was then placed in a sterile collection tube and centrifuged 7000 RPM for five 

minutes. The collection tube was discarded and the DNA/BC was placed in a sterile 

DNase/RNase free 1.5mL microtube and 150µ of solution D was added to the DNA/BC. After 

two minutes, the microtubes containing the DNA/BC were centrifuged for 30 seconds at 500 

RPM followed by five minutes at 14,000 RPM. The DNA/BC was discarded and the collected 

DNA solution frozen until qPCR. 

qPCR methodology 

All reagents in the Anisakis/Pseudoterranova/IAC 3-plex Assay® kit and previously collected 

DNA from canned FP were removed from the freezer and left to warm to room temperature, 

briefly vortexed and then centrifuged. The Mastermix was prepared by mixing 250 µl of 

OLIGO mix into 500 µl GENERase Mastermix which was briefly vortexed and centrifuged. 

Into each tube well of Bio-Rad 0.2 ml 8-tube PCR optical tube strips, 15 µl of Mastermix and 

µl 5 of the collected DNA was added and the tubes sealed with Bio-Rad 0.2 ml flat PCR optical 

tube 8-caps. A Control + (n = 1) and Control negative (Control -) (n = 1) provided in the 

Anisakis/Pseudoterranova/IAC 3-plex Assay® kit and the Anisakis pegreffii DNA (n = 2) from 

a previous study followed the same procedure. Samples were loaded into Bio-Rad CFX96 

Touch Real-Time PCR Detection System®. The reporter dye set up for detection of Anisakis 

sp. was FAM and HEX reporter dye as the internal amplification control. The thermal cycling 

was, Taq activation at 95° C for 3 mins, denaturation at 95° C for 10 secs followed by annealing 

and extension at 57° C for 16 secs/45 loops. Results were analysed through the Bio-Rad CFX96 

system. Results positive for Anisakis sp. DNA, Control + and reference A. pegreffii DNA 

samples are valid if amplification of the HEX and FAM channels are observed. Control �± is 

valid if FAM channel is negative and HEX channel is positive. 
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Results 

Baseline threshold settings for HEX were 8-26 and FAM at 8-20. Amplification of the HEX 

channel and a valid quantification cycle (Cq) as an internal amplification control was achieved 

in 53 out of the 60 samples of Anisakis sp. DNA from canned FP and these seven were therefore 

removed from evaluation. The Control - achieved expected results with amplification of the 

HEX channel only. The Control + and two reference samples amplified the HEX channel only 

and results are therefore invalid. Samples 1113 and 1114 (PE / country 74) of Anisakis sp. DNA 

collected from canned products amplified in both the HEX and FAM channels and indicate 

presence of Anisakis DNA in product PE.  Sample 1113 (Cq: 25.80) had strong amplification 

and higher abundance than sample 1114 (Cq: 30.49). As no valid pattern of amplification 

occurred in either of the two reference samples or the Control + all negative results for the 

Anisakis sp. DNA previously collected from canned products must be viewed with caution 

(Table 15 and Figure 22). 

 

Figure 22. Amplification curve of samples in the present study. Internal control, HEX channel indicated by green line and 
Anisakis spp. DNA, FAM by blue. Control -, and samples 113 and 114 considered valid 

Table 15. qPCR results for the fishery products tested 

Product identifier (N=) Anisakis sp. DNA Cq Prevalence % 

PA (n = 14) 0 - 

PB (n = 5) 0 - 

PC (n = 15) 0 - 

PD (n = 11) 0 - 

PE (n = 15) 2 13.3 
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Discussion 

In the present study, Anisakis sp. DNA was identified in 2/15 cans of product PE. 

Unfortunately, although the qPCR run cycle was successful as evidenced by the high 

amplification rate of the internal control (HEX channel), both the two reference samples and 

the Control + sample failed to amplify in both the FAM and HEX channels. Due to the lack of 

additional Anisakis sp. DNA from canned products, reagents and reference samples following 

this qPCR run, further testing was not possible and results from this experimental chapter were 

therefore inconclusive. It is entirely possible that an excess of parasite DNA could have 

inhibited many of the results. In addition, reagents from the Anisakis/Pseudoterranova/IAC 3-

plex Assay® were very close to the use by date and this may have affected test results.  

Product information from the Anisakis/Pseudoterranova/IAC 3-plex Assay® kit states that 

failure of the positive control where other reactions are normal does not mean that the qPCR 

run needs to be repeated. Therefore, results in this investigation for samples 1113 and 1114 

appear valid. Further research is required using varied dilutions of Anisakis DNA in reference 

samples as high concentration of DNA is linked to amplification failure. Greater attention 

should also be given to homogenising the canned FP more effectively as this may have 

contributed to the failure of Anisakis DNA to amplify in imperfectly homogenised samples.   
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Supplementary material 
 

Table S1. Associations between bacteria species recovered and specimen characteristics where no significant 
association was resolved (P >0.05) 
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Table S2. Previous reports of bacterial species or genera from seafood, fish and environmental sources for bacteria 
identified in this study 

Bacteria isolated Seafood species where 
isolated 

Region where 
bacteria isolated 

Environmental 
sources of bacteria 

Region where 
bacteria isolated 

Comamonas 
testosteroni 
 

Cultured Koi carp  India, (Preena et al., 
2020a) 

Free-living amoebae 
in water as vectors 
identified in 
hospital water 
network including 
trauma ICU and 
theatre 

South Africa 
(Muchesa et al., 
2017) 
 

Cultured Nile tilapia 
& African sharp-tooth catfish 

Uganda, (Wamala et 
al., 2018) 

Arsenic-affected 
shallow aquifer 

Bangladesh (Sultana 
et al., 2011) 

  Lake used and land 
used for agriculture, 
fishing, urban 
sewerage, and 
densely populated 
areas 

South Sulawesi, 
Indonesia (Yani et 
al., 2020) 

 
Micrococcus spp.  
 

Cultured Sharpsnout sea 
bream (Diplodus puntazzo) 
mortalities  

Turkey, (Akayli et 
al., 2020) 

  

Processed Cassava fish 
(Pseudotolithus sp.) 

Ghana, (Anihouvi et 
al., 2007) 

  

Fermented fish  Benin, (Anihouvi et 
al., 2006) 

  

Preserved fish from warm 
waters 

Tropical warm 
regions (Horner, 
1997) 

  

Cultured Nile tilapia 
(Oreochromis niloticus) 

Mexico, (Huicab-
Pech et al., 2017) 

  

Fermented fish  Ghana, (Nerquaye-
Tetteh et al., 1978) 

  

Cultured striped catfish 
(Pangasius hypophthalmus) 
at processing stage (filleting 
& trimming) 

Mekong Delta 
region, Vietnam, 
(Thi et al., 2013) 

  

Healthy farmed Nile tilapia, 
African catfish, goldfish, and 
koi carp 

Kenya, (Wanja et 
al., 2020) 

Pond water from 
cultured Tilapia 
(Oreonchromis 
spp.) 

Trinidad ���1�H�Z�D�M�(
Fyzul et al., 2008) 

Pseudomonas 
spp. 
 

Retail frozen striped catfish 
(Pangasius hypophthalmus) 
and Pangasius krempfi 

Origin Vietnam, 
(Boss et al., 2016) 

�,�Q�F�U�H�D�V�H�G����-lactam 
resistance in manure 
treated soil 

N/S (Udikovic-
Kolic et al., 2014) 

Retail frozen or thawed, 
shrimp Black tiger prawn 
(Penaeus) monodon or King 
prawn (Litopenaeus 
vannamei). 

Origin Bangladesh, 
Vietnam, Thailand, 
Indonesia, or 
Ecuador (Boss et 
al., 2016) 

  

Retail sale fish species not 
specified 

Zimbabwe, (Gufe et 
al., 2019) 

  

Glass barb (Puntius guganio) 
& (Lobeo rohita) from 
freshwater pond, Gangetic 
leaf fish (Nandus nandus) & 
Climbing perch (Anabas 
testudineus) from fish farm 

Bangladesh, 
(Hossain et al., 
2011) 

  

Cultured Nile tilapia 
(Oreochromis niloticus) 

Mexico, (Huicab-
Pech et al., 2017) 

  

Cultured Tilapia 
(Oreonchromis spp.) 

Trinidad, ���1�H�Z�D�M�(
Fyzul et al., 2008) 
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Bacteria isolated Seafood species where 
isolated 

Region where 
bacteria isolated 

Environmental 
sources of bacteria 

Region where 
bacteria isolated 

Pseudomonas 
spp. 
 

Cultured striped catfish 
(Pangasius hypophthalmus) 
fillets  

Origin Vietnam, 
(Noseda et al., 
2012) 

  

Cultured Spotted snakehead 
(Channa punctata) 

Guwahati, Assam, 
India (Saikia et al., 
2018) 

  

Cage cultured striped catfish 
(Pangasius hypophthalmus) 

Vietnam, (Sarter et 
al., 2007) 

  

Cultured Redbreast tilapia 
(Tilapia rendali) and 
Mozambique tilapia 
(Oreochomis mossambicus) 

Zimbabwe, 
(Sichewo et al., 
2013) 

  

Cultured striped catfish 
(Pangasius hypophthalmus) 
at processing stage (filleting 
& trimming) 

Mekong Delta 
region, Vietnam, 
(Thi et al., 2013) 

  

Healthy farmed Nile tilapia, 
African catfish, goldfish, and 
koi carp 

Kenya, (Wanja et 
al., 2020) 

  

Pseudomonas 
mendocina 
 

Smoked fish (Llisha 
africana) 

Nigeria (Festus & 
Damilola, 2018) 

Microplastic biofilm (Wu et al., 2019b) 

Fish ball surimi Zhoushan, China 
(Yi et al., 2011) 

Arsenic-affected 
shallow and deep 
aquifer  

Bangladesh (Sultana 
et al., 2011) 

  Ready to eat 
vegetables 

Vietnam (Trung et 
al., 2020) 

Pseudomonas 
pseudoalcaligenes 

Rainbow trout UK, (Austin & 
Stobie, 1992) 

Polluted/eutrophic 
freshwater 

N/S (Austin & 
Stobie, 1992) 

Cultured Nile tilapia 
(Oreochromis niloticus) 
mass death 

West Papua, 
Indonesia (Abadi et 
al., 2020) 
 

Water at freshwater 
prawn hatchery 

Rizal, Philippines 
(Monghit-Camarin 
et al., 2020) 

Carp (Cyprinus carpio) for 
retail sale 
 

Cimahi City, Java 
(Geraldine et al., 
2020) 
 

  

Hatchery reared freshwater 
prawns (Macrobrachium 
rosenbergii) 

Rizal, Philippines 
(Monghit-Camarin 
et al., 2020) 

  

Rhizobium 
radiobacter 

  Sediment and water  Mumbai, India 
(Sampada, 2006-
2007) 

Salmonella sp. 
 

Fish faecal samples Rajasthan, India, 
(Saharan et al., 
2020) 

  

Smoked fish Democratic republic 
of Congo (Makelele 
et al., 2015) 

Gull faeces (genus 
Larus) 

USA (Berg & 
Anderson, 1972) 

Imported frozen catfish (3 
separate lots) 

Origin Thailand 
(Zhao et al., 2003) 

Water where catfish 
farmed 

Central Texas, USA 
(Wyatt et al., 1979) 

Cultured Pirarucu (Arapaima 
gigas) 

Japan, (Kodama et 
al., 1987) 

Water samples from 
farmed 
Mozambique tilapia 
(Tilapia 
mossambica) and 
African sharp-tooth 
catfish (Clarias 
gariepinus) where 
fish raised 

Malaysia (Budiati et 
al., 2013) 

Salmonella sp. 
 

High prevalence in fresh & 
frozen Channel catfish 
(Ictalurus punctatus) for 
retail sale 
 

Washington, USA 
(Andrews et al., 
1977a) 

Contamination 
sources in 
aquaculture are 
livestock and non-
livestock- 

Mekong Delta, 
Vietnam (Noor 
Uddin et al., 2015) 
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Bacteria isolated Seafood species where 
isolated 

Region where 
bacteria isolated 

Environmental 
sources of bacteria 

Region where 
bacteria isolated 

reservoirs, such as 
faecal-contaminated 
pond water, fish 
feed, birds, 
amphibians and 
reptiles 

Imported frozen tilapia,  Origin Taiwan 
(Zhao et al., 2003) 

  

Imported seafood Origin SE Asia, 
(Khan et al., 2006) 

  

Imported dried/salted fish Origin Taiwan, UK 
and Hong Kong, 
Japan, Philippines, 
�7�K�D�L�O�D�Q�G�����3�H�R�S�O�H�¶�V��
Republic of China, 
Vietnam (Andrews 
et al., 1977b; 
Andrews et al., 
1992; Heinitz et al., 
2000) 

  

24.5% of the shrimp samples 
from Mekong Delta 

Vietnam (Phan et 
al., 2005) 

  

Frozen cat fish  India (Lyer & 
Shrivastava, 1989) 

  

Imported frozen squid Origin India (Zhao 
et al., 2003) 

  

Farmed catfish Central Texas, 
USA, (Wyatt et al., 
1979) 

  

Imported smoked fish Origin Taiwan, 
Republic of Korea 
& Philippines 
(Heinitz et al., 
2000) 

  

Imported frozen snails, raw 
& frozen shrimp 

Origin Vietnam, 
(Zhao et al., 2003) 

  

Imported cooked crab Origin Vietnam, 
(Heinitz et al., 
2000) 

  

Imported fish/shellfish  Identified in Canada 
source of imported 
product unknown 
(D'Aoust et al., 
1992) 

  

Pollock fillets Minnesota, USA 
(Heinitz et al., 
2000) 

  

Imported frozen anchovies Origin Cambodia 
(Zhao et al., 2003) 

  

Catfish nuggets Mississippi, USA 
(Heinitz et al., 
2000) 

  

Imported cultured and frozen 
Channel catfish and Basa 

Origin Vietnam (Pal 
& Marshall, 2009) 

  

Cultured Mozambique tilapia 
& African sharp-tooth catfish 

Malaysia, (Budiati 
et al., 2013) 

  

Salmonella sp. 
 

Farmed freshwater fish 
samples for retail sale 

Vietnam (Nguyen et 
al., 2016) 

  

Nile tilapia (Oreochromis 
niloticus)  

Ethiopia, (Hiko et 
al., 2018) 

  

Cultured Redbreast tilapia 
(Tilapia rendali) and 
Mozambique tilapia 
(Oreochomis mossambicus) 

Zimbabwe, 
(Sichewo et al., 
2013) 
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Bacteria isolated Seafood species where 
isolated 

Region where 
bacteria isolated 

Environmental 
sources of bacteria 

Region where 
bacteria isolated 

Staphylococcus 
spp. 
 

Processed Cassava fish 
(Pseudotolithus sp.) 

Ghana, (Anihouvi et 
al., 2007) 

  

Preserved fish from warm 
waters 

Tropical warm 
regions (Horner, 
1997) 

  

Cultured Nile tilapia 
(Oreochromis niloticus) 

Mexico, (Huicab-
Pech et al., 2017) 

  

Cultured Tilapia 
(Oreonchromis spp.) 

Trinidad, ���1�H�Z�D�M�(
Fyzul et al., 2008) 

  

Cultured striped catfish 
(Pangasius hypophthalmus) 
at processing stage (filleting 
& trimming) 

Mekong Delta 
region, Vietnam, 
(Thi et al., 2013) 

  

Staphylococcus 
spp. & S. aureus 
 

Retail sale fish species not 
specified 

Zimbabwe, (Gufe et 
al., 2019) 

  

Fermented fish  Ghana, (Nerquaye-
Tetteh et al., 1978) 

  

Smoked mackerel (Scomber 
scombrus) & Salted 
pilchards (Sardina 
pilchardus) 

Greece, (Sergelidis 
et al., 2014) 

  

Staphylococcus 
aureus 
 

Fermented fish  Benin, (Anihouvi et 
al., 2006) 

Fish processing 
workers hands 
Staphylococcal 
Enterotoxin B 
(40%), 
Staphylococcal 
Enterotoxin C 
(40%) and 
Staphylococcal 
Enterotoxin A 
(20%)  

India (Simon & 
Sanjeev, 2007) 

Frozen striped catfish 
(Pangasius hypophthalmus) 
and Pangasius krempfi 

Origin Vietnam, 
(Boss et al., 2016) 

From fish 
processing workers 
hands and benches 

Ceará, Brazil 
(Albuquerque et al., 
2007) 

Frozen or thawed, 
shrimp Black tiger prawn 
(Penaeus) monodon or King 
prawn (Litopenaeus 
vannamei). 

Origin Bangladesh, 
Vietnam, Thailand, 
Indonesia, or 
Ecuador (Boss et 
al., 2016) 

Hands or gloves of 
fish processing 
workers highly 
contaminated  

South Africa 
(Onjong et al., 
2014) 

Smoked fish Democratic republic 
of Congo (Makelele 
et al., 2015) 

  

Cultured African sharp-tooth 
catfish (Clarias gariepinus) 

Oredo area, Nigeria 
(Oladele et al., 
2012) 

  

Fish faecal samples Rajasthan, India, 
(Saharan et al., 
2020) 

  

Silver carp 
(Hypophthalmichthys 
molitrix) 

India (Shah & 
Tyagi, 1986) 

  

Staphylococcus 
aureus 
 

Cultured Redbreast tilapia 
(Tilapia rendali) and 
Mozambique tilapia 
(Oreochomis mossambicus) 

Zimbabwe, 
(Sichewo et al., 
2013) 

  

Edible Hilsa fish  Chittagong and 
Dhaka Bangaldesh 
(Siddhnath et al., 
2018) 

  

Vibrio species  Cage cultured striped catfish 
(Pangasius hypophthalmus) 

Vietnam, (Sarter et 
al., 2007) 

Polyethylene and 
polystyrene 
microplastics  

Baltic sea (Kesy et 
al., 2019) 
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Bacteria isolated Seafood species where 
isolated 

Region where 
bacteria isolated 

Environmental 
sources of bacteria 

Region where 
bacteria isolated 

Vibrio fluvialis 
 

Cultivated oysters British Columbia 
Coast, (Kelly & 
Dan Stroh, 1988)  

Treated effluent 
system  

South Africa 
(Igbinosa et al., 
2011) 

Water and shrimp from 
shrimp farms.  

East coast, India 
(Gopal et al., 2005) 

Human, stool Guam (Brenner et 
al., 1983) 

Mytilus 
galloprovincialis (mussels)  

Adriatic Sea, Italy 
(Ripabelli et al., 
1999) 

Sewage Brazil (Brenner et 
al., 1983)  

Mussels, clams and oysters 
for commercial sale 

Hong Kong 
markets, (Chan et 
al., 1989) 

Human, diarrheal 
stools, Indonesia 

Indonesia (Brenner 
et al., 1983)  

Wild caught fish species not 
specified 

Senegal 
(Schandevyl et al., 
1984) 

Mud samples of 
rivers in Dhaka  

Bangladesh (Biswas 
et al., 2019)  

Cultured Plaice Pleuronectes 
platessa  
 

Denmark (Pedersen 
et al., 1999) 

  

Cultured Nile tilapi 
(Oreochromis niloticus) and 
North African catfish 
(Clarias gariepinus) 

Saudi Arabia (Al -
Sunaiher et al., 
2010) 

  

Blue crab (Callinectes 
sapidus) retail sale 

Turkey (Yalcinkaya 
et al., 2003) 

  

Fish for retail sale Turkey (Yücel & 
Balci, 2010) 

  

African snakehead 
(Parachanna africana) & 
Bagrid catfish 
(Chrysichthys nigrodigitatus) 

Itu Creek, Nigeria, 
(Adebayo-Tayo et 
al., 2011) 

  

9 species freshwater cultured 
fish 

Hubei, Hunan, 
Henan and 
Guangdong, China 
(Bohai et al., 1993)  

  

Common carp (Cyprinus 
carpio) and Rohu (Labeo 
rohita) 

Odisha, East India 
(Mishra et al., 2010) 

  

Common carp (Cyprinus 
carpio), crucian carp 
(Carassius auratus), silver 
carp (Hypophthalmichthys 
molitrix), black carp 
(Mylopharyngodon piceus) 
causing disease in fish 

China, (Li et al., 
2006) 

  

Vibrio fluvialis 
  

Cultured Nile carp 
(Oreochromis niloticus), 
African sharptooth catfish 
(Claris gariepinus), and 
Flathead grey mullet (Mugil 
cephalus) 

Egypt, (Matter et 
al., 2018) 

  

Freshwater fish and 
surrounding aquaculture 
water  

Kastamonu, Turkey 
(Alkhunni et al., 
2017)  

  

Gut of farm reared sub-adult 
shrimp 

Bangladesh (Shefat, 
2018) 

  

Roho labeo (Labeo rohita), 
Catla (Catla catla), 
Cirrhinus mrigala, 
freshwater prawns 
(Macrobrachium 
rosenbergii) 

local markets of 
Bhubaneswar, 
Orissa, India, 
(Pushpita et al.) 

  

Fresh water prawn Dhaka, Bangladesh 
(Rahim et al., 1986) 
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Bacteria isolated Seafood species where 
isolated 

Region where 
bacteria isolated 

Environmental 
sources of bacteria 

Region where 
bacteria isolated 

Aquaculture Nile tilapia, 
Flathead grey mullet & 
African sharptooth catfish  

Egypt, (Abdellrazeq 
& Khaliel, 2014) 

  

 

S3. Survey 
 



�� ���������������������	�����
������ ����������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�� �� �� �������������	 �
�������� ������ ���
 �������������
 �����������	 ���������������������� �������� �� �������	 �
���������� �������	 �� ������������ �� �� ����������������

�������	 �����������	 ���� �� ������������������

���� ���������������	�
�����
�����
���
�	�������
�
�����������
�����������
�������������
�����������	������ �����
���������������������
�����	�
���	�����
�������������������������������� �����
�
����������

�� �����	�����������	�����	�����������	�������������������	�����	�����������������������	�
������ �	�
 �������������	�� ���������	�� �������������������	�������������	���������� ����

�� �����	 �����
 ���������	 �
���������� ������ ����

�� ���������������	� ������������ ���!�	�� �"�� ���!�	

�� ���#�	�������������������!�	

�� �����������	���
�	�"������ �����	�������	�$�������������������	�� ���������������!�	

�
 �������������	�� ���������	�� �������������������	�������	�%���������� �	�
 �����������	�
�����	�"�����������������������	���������������������	

�&�� �������'�	�� ���� ������������ ���( ��������������������

�� ���������'�	�)�*�+�,�	�,�-�.�	�.�/�)

�� �� �����	 �
���������� ������ ������

�� �����������	���������������������'�	

�#���	�� �����0�����
�����	�� ������ �����!�	�� �� ���	�� �������������	�� �����������������������!�	�� ���#�!�	

�� �����������	���
�	�"������ �����	�������	�$�������������������	�� ���������������!�	

�
 �������������	�� ���������	�� �������������������	�������	�%���������� �	�
 �����������	�
�����	�"�����������������������	���������������������	

�&�� �������'�	���������� �����( ��������������������

�� ���������'�	�1�)�.�2�	�/�3�,�,�	�*�4�4�5

�"�����������	�� �����
���	�� ���������	�6���������������7�8�9���������!�	�: �$�� ���!�	�� �� ���!�	�� ���#�!�	

�"�����������������	�� �����
�����������	�$�������������������	�&���������� �������������	�; �	�� �����������	�6�����������!�	

�� �����������	���
�	�"������ �����	�������	�$�������������������	�� ���������������!�	

�
 �������������	�� ���������	�� �������������������	�������	�%���������� �	�
 �����������	�
�����	�"�����������������������	���������������������	

�&�� �������'�	�� �����������������7�8�<���������( ��������������������

�� ���������'�	�)�.�	�/�3�,�,�	�.�)�4�/

�: ���
�������	�������	�������������	�� �������������	�����	�������	�������	�� �������	�����	�����������������������	�����	���������	�����������!�	�����	�����	���� ���������������	�
�����	�������	�����	���������������������	�� �����	�������	�����������������	�����	����������

���������	�������	�� �������	�����	�� �������	�����������������	�	�� �����������	�����0���	�������	������ ���	�����	���������	�������	�
���������� �������	�����
������ �����������	���������
���������	�������	���������������	�����	�� �������	�������������	���
�	�������	�� ���������	�	

� ���	�� ���������	�����0���	�������	�������������	�� �����	�������	�������
�������	�����	������ �����������	���������	���������������	�	�����	�������	�������������!�	�������	�� �������	�����	�����0�����	�=�����������������	�����������������	�����	���	������ ���>���	������

�� �"�?�	�����	�� �"�?�	�@�A�� �	���������	���������� ���	�������0�	�
������ �	�������������	�������
���������	�� �����	�������������	�����	�� �����������	�� ���������������	�������������	�����������	�=�����������������	�����	���������	����

���������������������	�������������������	�	�����	�������������	�����0���	�����������B���� �����������	�+�)�8�+�-�	�� �������������	�����	������ �������������	�	�	�	���
�	�������	�������	���������� �
���������������	�����	�������� �����������	�=����������������

�����������������	�����	�������������	�������
�������	�������	�������	���������������	���������	�� �����	���������	���������	�������������!�	�������������	�����	�������	���������������	�� �������	���������	��������������

�� �����	�����������������	�����������	���������������������	���������������	���
�	���������	�������<�������	�� �����	�������	�����	���������������������	�����	�����������	���
�	�������	�� �����	���������	���������	�0�������	�������������	����

������ �����������	���������	���������������	�	�� ���� ���	�����������������	���������������	�� �������	�����	�� �������	�������������������	�������	�������	�������<�������	���������	�����	�C�������������0�	�����	������ ���������������	���
�	�������	������������

mailto:miwilliams@csu.edu.au
mailto:sshamsi@csu.edu.au
mailto:mhernandez-jover@csu.edu.au
280



�� �� ���������������� �����
 �� ���
 �� �������� �������� ������������ �� ����

�� �������	�������<�������	�� �������	������ ���������	���������	���������	���������	�
������ �	������������ �������	�������������	���������������	�����	�������� �	�������	���������	�������������	���
�	�������
�������	���������������	������ �����	���������������	����

�"�������������������	�	� �������������	�����������������	�����
������ �����������	�����	�����	���� �����������������	�����	���������������	�����������������	�������
�������	�����
�������	�����
������ �����������	�
�����	�������	���������������	�������������	����

���������������	�����������������	�����������	���������� �� �������������������	�����	�� �������������	�������������	���������������������������	�������	�����������������������������	�����	�������������	�����	���B���������������	��������������������

�� �� ������ ���
���������� �����	 �����	 �
�������� ������ ���
 �������������
 �����������	 ������ ������������ �� ����

�"���	���������������	�����	�"�����������������	�����������	�������	�����	�����������������	���������	���������	���������	������ ���������	���������	�����������������	�������	���������������������	�������
�������	���������������	������ �����	�����������������	

�� �����	���������	�� �����	�����	�
�������	���������	�0������ �����������	�������	�����	�����	���������	�����	�� �������	�������������	�+�4�	�����������	�����	���������!�	�������	�����������������	�����	�"�����������������!�	������ �����������	���������	���������������	

�� �� �������� �� ���������� ������������ �� �������	 �
�� ���
����

�� �����	�����������	�� �������	�������	�������������������������D�	�������������	�������������������	�����	�����������������	���������	���������	�� ���������	�������� �	�������	���������	�������������	���
�	�����������������	�������	��������������������

�������
�������	���������������	���������������	�����	�"�������������������	�	�� �����������	�������������������	�������	������������ �������	�������	�������������	�����	���������	�����	�������������
���	�����	�������������������	�������������
���	�������	������������

�������������������������	

�� ���������� �����������	 �������������������	 �� ���� ���	 ���������������� ��� �������	 �����������	 �� ���
 �����������	 ������ ������������ �� ����

�� �������������������������	�����	���������	�������������	�������������	�����������	�����	�����������������	������������ �
���������	�	�� ���������	�� �����	�����	������ ���	������ ���	���������������������������	�����	�������	�������������	�� �������	�����0��

�����������B���� �����������	�+�)�8�+�-�	�� �������������	�����	������ �������������	�	���
�	�������!�	�����	�������������	���
�	���������	�����������	�����=�������������������!�	���������	���B�������������������	���	�������
�������	���������������	��������������

�� ���������	�� �����	�����������	�������	�� �����������	������������ �
�������	�����	�������������!�	�������������	�����	�������	������ �����������	�������	���������������	�	���
�	�������	�
�������	�������� �����������	�������	���
�	�������	������������

�=�����������������	�����������������������!�	�������������	���������������'

�E���
�����������	�"�����������������	�	�8�	�+�,�	�+�+�	�+�*

�: �����������	�: �������	�8�	�+�,�)�)�	�.�.�*�	�/�,�/

�! �� �" ������������ ������������ �� ������ �����	 �� ���
 ������ ������ ����

�� �������	�������<�������	�������	�������	�����������������	�������	�
������������

�� �����������������	 �� ���
 �����������	 ������ ������������ �� �������� ������� �������	 ������ ���	 �� �#�����	 �� ���" �������������� �����
 ������ ��

�� ���������	�������	�����	�����������	���������������������	�� �������	���������������������������	�����	���������	���������������	�	�?�����	�� �������	�������	�����	�����=�����������	�����	�� ���0���	�������	�������� �������!�	�������	�� �������	�������	��������������

�������	�������� ��������

�� �� ������������������ �� �	 �$�����" ���	 �������� �������������
 �����������	 ������ ������������ �� ����

�� �������������������������	�����	���������	�����������������	�����	�����������������	���������	���������������	�	�A�������	�����������	�������������	�� �����	���������	�����
������ �����	���������������	�����	�������	������������ ���������	�����	�������	�������	���


���������	�����
������ �����������	���������	�� �������	�����	���������	�����	���������������	�����	�������	�������������	�=�������������������	�	�� �����������	���������������������������	�����	�����������������	���������	�������������������	

�� �� �����������������
 �������������
 �����������	 �� ���" ���	 �������� ���" ������ �� �����" ��������������

�� �����������	�������������������	�������	������������ �������!�	�����	�����	�� �������	�������	�����	�����������������	�����	�������������
���	�����	������ �������	���������������������	��������������������

�! �� �" ���" ��������� �������� �	 ������ ���	 ������������������ �����
 ���� ������������ ��

�"�����	�����
������ �����������	�������������������	�������	������������ �������	�������������	�������������������	�����	�������������������	�����������	�� ������������ �����0�����D���	���������������	�������������	�������	�����������������	������������ ������

�1�������������	���������0�	�����	�������	�� �������	�������0���	�
�����	�� �������	�����
������ �����������2���	�	�� �����	���������	�� �������	�����	�������������	�����������������	�����	�
 �������������	�� ���������	�� �������������������	���������� ������

�������������������	������ �������������	�������	���������	�����������������	�����	�������	�����������	�������������������������	�	�#�������	�� �������	�����	�����������������	�����	�������	�����������������������	�����	�
 �������������	�� ��������

�� ���������������������	�	�� ���������	�������	�����	�����������	�����	���������������	���������	�����������	�	

�� �� �������" ���������� ���
 �
 ���	 ������ ������ �������	 ���� ��� �������� �	 ������ ������������ ���
�������� �� �� ��

�� �����	������������ �����	�� �������	�����	�������������������	�����	���	���������������
�����	�<�������������>���!�	�������	�����������������������	�������
�����������������	�	�� �����	���������	���������	���������	�������������������	�����	���������	�������<������

�������	�����	���������	�����	�������	�����������	�����������������������	�
�����	�
�������������	���������������	�� ���������	�� �������	���������
�����	�������������	���������������	�	�� ���� ���	�����
������ �����������	�� �������	�����	������������ �������������	����

�������	���������������	�������������	�����������	�������	�����������������	�������<�������D���	�������������������	�C�������������0�	���������	�������	�������	�
���������� �������	�������0�'�	�	�����������'�>�>�� �� �� ���
�������������0�������� �>�� �����8

�����������8�"�������������������8������ �����8�������������8�������<�������8�+�)�-�,�+�+�.�4�5�3�-�3�+�,�+

https://www.surveymonkey.com/mp/legal/privacy-policy/
https://www.surveymonkey.com/mp/legal/security/
https://www.facebook.com/The-great-Australian-human-health-project-105311287959131
281



�� �� ���������� �� �� ���� �������� �� �������������" ���	 �������� ���� �������� ���������� ������������ �� �������� ������ �������� ������ ������������ �������� ����

���
�	�������	�� ���������	�����0���	�
�������������	�����
������ �����������	�������������	���������������	�������	�������������������	�������������������������'

�� ���������������	� ������������ ��

�&�� �������'�	�� ���� ������������ ���( ��������������������

�� �� �� ������ �� �� ���� ���������� �	 ���������������������� ���
�������� �	 �������	 �������� �� �� �������� �������� �	 �� �� �������� �������� ������������ �� ����

�
 �������������	�� ���������	�� �������������������F���	�6���� �����	�� ���������������	�&�����������	�
 ���� �� �����������	�������	�����������������	���������	�������<�������	�G�� ���������������	������ �������'�	�6�.�)�)�/�5�H���	�	���
�	�������	��������

�������	������ ���������������	�����	�������������������������	�����������	�������	���������������	���������������	���
�	���������	�������<�������!�	�������	�� �����	���������������	�������	�
 ���� �� �����������	���������������	�������	�&�����������	������

�
 ���� ���������������	�� �������	�������	�������	�
���������� �������	���������������	���������������'

�	�	�	�	�	�� �����	�%�������������������	�A�
�
��������

�	�	�	�	�	�6���� �����	�� ���������������	�&�����������	�
 ���� �� �����������	

�	�	�	�	�	�E�����0�����	�: �����	�-�4�4

�	�	�	�	�	� ���������	� ���������	�@�� � �	�.�/�5�4�	

�	�	�	�	�	�� ���'�	�1�)�.�2�	�/�3�,�,�	�*�/�.�4

�	�	�	�	�	�&�� �������'�	�������������( ��������������������

�"�����	�������������	�������	�����������	�� �������	�����	���������������	�����	�������
�������������	�������	�������������������������	�
���������!�	�������	�������	�� �������	�����	�����
������ �����	���
�	�������	������������ ����

�� �� �������� �� �������	 ������ ������ ���� �� ���	 ���%����

�� �����������	���������	���������������	�������	�
���������� �������	�
 �������������	�� ���������� ���������	�������	���������0�	�����	�������	�����������������������	���������0�����B�	�����	�����������������	���������	����������������

mailto:miwilliams@csu.edu.au
mailto:ethics@csu.edu.au
282



�
 ������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�� �����������	���������	�������	�
���������� �������	���������������	������������ ���������'

���	�
�����������	���������������	�����	�����������������������	�����	�������	�����������������	�������������I

���	���������������������	�������	�������������	�� �������	�����	�������������������	�����	�������������������	�����	�������	�� ���������������������	�����
������ �����������I

���	���� �	�+�4�	�����������	�����	���������	�������	�������������	�����	�"�����������������I

���	���������������������	���������	�������	�������������	���������	�����	������������ �������!�	�������	�������������	�����	�� �������������� ���	���������	�������� �����������	�����	�����������������	�������	�D�#�������D�	�������������	����

�������	�������	���
�	�������	���������������	�	�"�	�����������������������	�������	�� �������������� �	�
������ �	�������	�������������	�����	�������	������ ���	�����	������ �������	���������������	�������	�������� �������	�������	�����
������

�����������������	�������	�D�#�������D�	�������������I

���	���������������������	�������	�������������	�� �������	�����0�	�� ���	�����������	�������
�������	���������������	���������������	���������	���	�� �����	���������	���B�������������������I

���	���������������������	���������	���	���� �	�����	���������������	���	�����������������	�=���������
�������	�������������	�������
�����������������	���
�	���	�
�������	�������� �����������	�������	���
�	�������	�������������	�=����������������

�����������������������	�8�	�	�E���
�����������	�	�+�,�	�+�+�	�+�*�	�	�����	�	�: �����������	�: �������	�	�+�,�)�)�	�.�.�*�	�/�,�/�I

���	���������������������	���������	���������	�������������������	�
������ �	�� ���	�������������	�������������������	�� �������	�����	���������	�
�����	���������	�������<�������	�������	�� �����	�����	���������	�
�����	�
�����������	�������<���������I

���	���������������������	���������	���	�������	���������	�������	���
�	�� ���	�������������������	�����
�������	������ ���������������	�������	�������������	�����	���������0�������	�D�#�������D�	�����	�������	��������

�+���	�#���	�������	�����������	�� �������	�������	�����������	������������ ���������	�������	���������	���������	�����
������ �����	���������������	�����	�����������������������J�K

�?����

�@��

283



�#���� ������������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�.���	� �������	�������������	�����	�������	�������������
���	�����J

�� ������

�C���� ������

�A��������

�,���	� �������	�����	���������	�������J

�+�4�8�.�)

�.�+�8�.�*

�.�-�8�,�)

�,�+�8�*�)

�*�+�8�-�)

�-�+�8�/�)

�/�+�8�5�)

�A�������	�5�)

�*���	� �������	�����	���������	�����������������J

284



�� �����
�������	������������ ����������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�-���	�6�������	�������	���������	���������� ���	�������0�	���
�������	�������������	�������
�������J

�?����

�@��

285



�� �����
�������	���������	�������	����������������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�/���	� �������	���������	���
�	�������
�������	�� �����	�����	���������	�� �������	�������	�������0�	�1���
�	�0������ ���2�!�	���������	�
���������������!�	���������������!�	���������!�	���������������!�	�� �������������!

���������!�	�������J

�5���	�6���� �	�� �����	�������	�������
�������	���������	�� �������	�������	�������0�	�����������������J

�C���������!�	�������������	������

�C���������!�	�������������	�������0����

�C�����7�����!�	�������������	������ �	�1�������� �����2

�C�����7�����!�	�������������	�������0����

�C�����7�����!�	�������������0�����	�������	�� ������ ����

�
 ����������

�� �� ���0����

�� �����0������

286



�� �����
�������	����������������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�4���	� ���������	�� �����	�������	�������
�������	���������	�� �������	�������	�������0�	�����������������J

�"���	������ ��

�C�������������	�����	�������������������	������ ��

�� ������������������

�����0���	���� �����	�>�	�
�������	�
������

� ���������	�����	�� �����	�������������	�1���������	�����������!�	�����������2

�#�����D���	�0������ �	�>�	�� ����������

�A���������	�1�������������	�����������
���2

287



�� ���� �������� ��

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�3���	� �������	�� �������	�������	������ �������� ���	���
�	�������	�������0���������	�������������	�����	�������������	�������	�������
�������J

�1�� �����������	�����������������	�������	���������	�����������2

�� ������ �������	�����������	�����	�������� ����

�$���� ����������

�#����������������

�� �0�����	���������	�������>�����	��������������

�� �����������	�� ���������	�����	����������

�� �����������������	���
�	�������������!�	�� �������7�������!�	��������������������

�
 ��������������

���������������	������������

�6���������	������������������������

�����������������	���������	�����	������������

�� �� �������������	���
�	���������!�	�������������	�����	������������

�#���7�7�����������	�����	�
��������������

�"���������������B����

�A���������	�1�������������	�����������
���2

288



�#����������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�+�)���	�#�����	�������	�����	�����	���	�������������J

�?����

�@��

289



�� �������������	������������ ������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�+�+���	�#�����	�������	���������	�������	�����������	���������	�����	�������	�������������J

�?����

�@��

290



�� �������������	����������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�+�.���	� �������	���������>���	�������	�������	���������J

�1�� �����������	�����������������	�������	���������	�����������2

�: ���������	����������

�C�����������	����������

�� ������������������

�L�8������

�&����������������

�A���������	�1�������������	�����������
���2

291



�#����������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�+�,���	�#�����	�������	�������������	�� ���0���	���	�������������������J

�?����

�@��

292



�#����������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�+�*���	� �������	�� �����	�������	�������������D���	�������������������J

293



�6��������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�+�-���	�#�����	�������	�����	�����	�����������������J

�?����

�@��

294



�6���������������	������������ ������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�+�/���	�#�����	�������	���������	�������	�����������	���������	�����	�����������������J

�?����

�@��

295



�6���������������	����������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�+�5���	� �������	���������>���	�������	�������	���������J

�1�� �����������	�����������������	�������	���������	�����������2

�: ���������	����������

�C�����������	����������

�� ������������������

�L�8������

�&����������������

�A���������	�1�������������	�����������
���2

296



�� ������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�+�4���	�#�����	�������	���������	���������������	�� ���������	�����	�����������������J

�?����

�@��

297



�� ������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�+�3���	� �������	�� �����	�������	���������������	�
�����J

298



�#����������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�.�)���	� �����	���	�������������������	�� �������	�� ���������	�������	�� �������	�����	�����������������J

�?����

�@��

299



�#����������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�.�+���	� �������	�� �����	�������	�������������������J

300



�A�������������	�������������	������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�.�.���	�6�������	�������	�������	�������	���������������	�������������	�������������	�����������	�������	�� �������	�������0�	���
�������	�������������	�������
�������J

�?����

�@��

301



�A�������������	�������������	������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�.�,���	�� �����������	�����������
���	�������	���������������	�������������	�������������	�������	���������	�������'

302



�� �����
�������	��������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�.�*���	�6�������	�������	���������	���������	�������������������	�� �������	���	�������
�������	���������������J

�?����

�@��

303



�#�����������������	�������
�������	��������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�.�-���	�6�������	�������	�������	�������	���������������������	�����������	�����	�������
������ �	�������	�������	�����������������	�����	�������
�������J

�?����

�@��

304



�� �����
�������	��������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�.�/���	� �������	�������	���������	�������
�������	���������������	������ �������� ���J

�1�� �����������	�����������������	�������	���������	�����������2

�� ������ �������	�����������	�����	�������� ����

�$���� ����������

�#����������������

�� �0�����	���������	�������>�����	��������������

�� �����������	�� ���������	�����	����������

�� �����������������	���
�	�������������!�	�� �������7�������!�	��������������������

�
 ��������������

���������������	������������

�6���������	������������������������

�����������������	���������	�����	������������

�� �� �������������	���
�	���������!�	�������������	�����	������������

�#���7�7�����������	�����	�
��������������

�"���������������B����

�A���������	�1�������������	�����������
���2

�.�5���	� �������	���������>���	���
�	�������
�������	�������	�������	�����������������	�����J

�.�4���	�6�������	�������	�����������	�������	������ ���	�������
�������	�������	�� �������	�������������������	�����	�����������	�����������������	�����	�����������	�������	�������������������J

�?����

�@��

305



�� �����������	�����������������	����������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�.�3���	�#�����	�������	���������	�����	�����������������	�����������������	�����������J

�?����

�@��

306



�A���������	�������
�������	����������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�,�)���	�6�������	�������	���������	�������	�����	�����������������	�����������������	�
������ �	�������������	�������������	�
�������!�	�������
�������	�����������������������	�1���B�������������2�!�	�����	�
������

�������J

�?����

�@��

307



�� ���������������	�����	�����������	�������
�������	����������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�,�+���	� �������	���������>���	���
�	�����������������	�������	�������	���������J

�,�.���	�#�����	�������	�����	�����	�������	�������������	�����	�����������������J

�?����

�@��

308



�� ���������������	�����	�����������	�������
�������	����������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�,�,���	� �������	�������	�����������	���������������	�������J

�?����

�@��

309



�� ���������������	�����	�����������	�������
�������	����������������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�,�*���	� �������	�� �����	�������	�������������������J

310



�� �������0�	������

�
 ���������� �������	�������	�� �����
�������	�� �������������	��������������

�&�� ���	 �������� �� ������ �������� �� �����������
 �� �	 �������#�����	 �� ������ �����
 �������������
 �������	 �� �����	 ������ �������
 ���� �'�������������� �� �� ��������� ��������

�� �����������������
 �
 ���������������� ��

�����	�
���������������	���������	�������������	�������������	���������0�	�����	�������	�D�( �� �	 ���D�	�������������	���������� ��

311



312 
 

References 
 

Aakool, A. A., & Abidali, S. J. (2016). Molecular detection of Toxoplasma gondii in native freshwater 

fish Cyprinus carpio in Wasit Province Iraq. International Journal of Scientific Engineering 

and Research, 4(7), 7-10.  

Abadi, A. S., Hismayasari, I. B., Supriatna, I., Saidin, Yani, A., & Sayuti, M. (2020). The mass death 

of Nile tilapia (Oreochromis niloticus) in Sorong District, West Papua, Indonesia. 

Aquaculture, Aquarium, Conservation & Legislation, 13(4), 1906-1916.  

ABARES. (2017). Australian fisheries and aquaculture statistics 2016 Australian Government 

Department of Agriculture and Water Resources Canberra, Australia: pp 1-150 

Abattouy, N., Valero, A., Lozano, J., Barón, S., Romero, C., & Martín-Sánchez, J. (2016). Population 

genetic analysis of Anisakis simplex sl and Anisakis pegreffii (Nematoda, Anisakidae) from 

parapatric areas and their contact zone. Parasite Epidemiology and Control, 1(2), 169-176.  

ABC. (2018). Outbreak. Four Corners. Michael Brissenden. Retrieved from 

https://www.abc.net.au/4corners/outbreak/9932836 2/7/2018 

Abdel-Latif, H. M. R., & Khafaga, A. F. (2020). Natural co-infection of cultured Nile tilapia 

Oreochromis niloticus with Aeromonas hydrophila and Gyrodactylus cichlidarum 

experiencing high mortality during summer. Aquaculture Research, 51(5), 1880-1892.  

Abdellrazeq, G. S., & Khaliel, S. A. (2014). Molecular characterization and antimicrobial 

susceptibility of vibrios isolated from healthy and diseased aquacultured freshwater fishes. 

Global Veterinaria, 13(3), 397-407.  

Abdollahi, M., Beyzaei, H., Hashemi, S., & Ghasemi, B. (2019). Comparative antibacterial activity of 

synthetic N,S-Heterocyclic derivatives, MgO nanoparticles, and glycine on zoonotic Vibrio 

fluvialis. Journal of Reports in Pharmaceutical Sciences, 8(2), 155-160.  

Abdullah, Y. S., Abdullah, S. M., & Hussein, R. H. (2021). Morphology and molecular studies of 

Contracaecum larvae (Nematoda: Anisakidae) in some fish species from Sulaimani Province, 

Kurdistan Region, Iraq. Basrah Journal of Agricultural Sciences, 34(1), 93-110.  

Abdulmalik, H. Determination of organochlorine pesticides in some imported frozen fish species 

consumed within Kaduna metropolis. IOSR Journal of Environmental Science, Toxicology 

and Food Technology, 11(4), 1-5.  

Abe, N., & Maehara, T. (2013). Molecular characterization of kudoid parasites (Myxozoa: 

Multivalvulida) from somatic muscles of Pacific bluefin (Thunnus orientalis) and Yellowfin 

(T. albacores) tuna. Acta Parasitologica., 58(2), 226-230.  

Abe, N., Ohya, N., & Yanagiguchi, R. (2005). Molecular characterization of Anisakis pegreffii larvae 

in Pacific cod in Japan. Journal of Helminthology, 79(4), 303-306.  



313 
 

Aboyadak, I., Ali, N., Goda, A., Aboelgalagel, W., & Salam, A. (2015). Molecular detection of 

Aeromonas hydrophila as the main cause of outbreak in tilapia farms in Egypt. Journal of 

Aquaculture & Marine Biology, 2(6), 2-5.  

Abraham, J. M., & Simon, G. L. (2007). Comamonas testosteroni bacteremia: a case report and 

review of the literature. Infectious Diseases in Clinical Practice, 15(4), 272-273.  

ABS. (2020a). Annual wage growth, 2020.  Retrieved 15/7/2021, from Australian Bureau of Statistics 

https://www.abs.gov.au/media-centre/media-releases/annual-wage-growth-18-june-quarter-

2020 

ABS. (2020b). Selected cost of living indexes, Australia.  Retrieved 15/7/2021, from Australian 

Bureau of Statistics https://www.abs.gov.au/statistics/economy/price-indexes-and-

inflation/selected-living-cost-indexes-australia/mar-2020 

Abutbul, S., Golan-Goldhirsh, A., Barazani, O., & Zilberg, D. (2004). Use of Rosmarinus officinalis 

as a treatment against Streptococcus iniae in tilapia (Oreochromis sp.). Aquaculture, 238(1), 

97-105.  

Acar, J., & Moulin, G. (2006). Antimicrobial resistance at farm level. Revue Scientifique et Technique 

(International Office of Epizootics), 25(2), 775-792.  

Adak, S., & Manna, B. (2008). Study on the rate of ammonia excretion in Isoparorchis hypselobagri 

(Billet, 1898). Zoological Research in Human Welfare, 27, 279-283.  

Adams, A. M., Miller, K. S., Wekell, M. M., & Dong, F. M. (1999). Survival of Anisakis simplex in 

microwave-processed arrowtooth flounder (Atheresthes stomias). Journal of Food Protection, 

62(4), 403-409.  

Adams, A. M., Murrell, K. D., & Cross, J. H. (1997). Parasites of fish and risks to public health. 

International Office of Epizootics, 16(2), 652-660.  

Adebayo-Tayo, B., Okonko, I., Esen, C., Odu, N., Onoh, C., & Igwiloh, N. (2011). Incidence of 

potentially pathogenic Vibrio spp. in fresh seafood from Itu Creek in Uyo, Akwa Ibom State, 

Nigeria. World Applied Sciences Journal, 15(7), 985-991.  

Adroher-Auroux, F. J., & Benítez-Rodríguez, R. (2020). Anisakiasis and Anisakis: An 

underdiagnosed emerging disease and its main etiological agents. Research in Veterinary 

Science, 132, 535-545.  

Afrin, R., Mia, M. Y., Ahsan, M. A., & Akbor, A. (2015). Concentration of heavy metals in available 

fish species (Bain, Mastacembelus armatus; Taki, Channa punctatus and Bele, Glossogobius 

giuris) in the Turag River, Bangladesh. Biological Sciences-PJSIR, 58(2), 104-110.  

Agger, W. A., McCormick, J., & Gurwith, M. J. (1985). Clinical and microbiological features of 

Aeromonas hydrophila-associated diarrhea. Journal of Clinical Microbiology, 21(6), 909-913.  

Agnew, D. J. (2000). The illegal and unregulated fishery for toothfish in the Southern Ocean, and the 

CCAMLR catch documentation scheme. Marine Policy, 24(5), 361-374.  



314 
 

Agnew, D. J., Pearce, J., Pramod, G., Peatman, T., Watson, R., Beddington, J. R., et al. (2009). 

Estimating the worldwide extent of illegal fishing. PloS one, 4(2), e4570.  

Agnew, W., & Barnes, A. C. (2007). Streptococcus iniae: an aquatic pathogen of global veterinary 

significance and a challenging candidate for reliable vaccination. Veterinary Microbiology, 

122(1-2), 1-15.  

Agrawal, R., Kumar, P., Mishra, P., Gupta, R., & Premi, H. (2014). Dioctophyme renale: a chance 

finding on bladder catheterisation of a pregnant female. Indian Journal Medical Case 

Reports, 3, 70-72.  

Aguirre, A. A., Longcore, T., Barbieri, M., Dabritz, H., Hill, D., Klein, P. N., et al. (2019). The one 

health approach to toxoplasmosis: epidemiology, control, and prevention strategies. 

EcoHealth, 16(2), 378-390.  

Ahmed, A. T. A. (1981). Helminth infection in freshwater fishes of Bangladesh. Fish Pathology, 

15(3-4), 229-236.  

Ahmed, L., El-Dib, N., El-Boraey, Y., & Ibrahim, M. (1999a). Capillaria philippinensis: an emerging 

parasite causing severe diarrhoea in Egypt. Journal of the Egyptian Society of Parasitology, 

29(2), 483-493.  

Ahmed, L., el-Dib, N. A., el-Boraey, Y., & Ibrahim, M. (1999b). Capillaria philippinensis: An 

emerging parasite causing severe diarrhoea in Egypt. Journal of the Egyptian Society of 

Parasitology, 29(2), 483-493.  

Ajzenberg, D., Yera, H., Marty, P., Paris, L., Dalle, F., Menotti, J., et al. (2009). Genotype of 88 

Toxoplasma gondii Isolates associated with toxoplasmosis in Immunocompromised patients 

and correlation with clinical findings. The Journal of Infectious Diseases, 199(8), 1155-1167.  

Akayli, T., Yardimci, R. E., & Ürkü, Ç. (2020). Diagnosis of Micrococcus luteus infection in cultured 

sharpsnout sea bream (Diplodus puntazzo Cetti, 1777). Erciyes University Institute of Science 

and Technology Journal of Science, 36(2), 214-220.  

Al -Ashhab, A., Alexander-Shani, R., Avrahami, Y., Ehrlich, R., Strem, R. I., Meshner, S., et al. 

(2022). Sparus aurata and Lates calcarifer skin microbiota under healthy and diseased 

conditions in UV and non-UV treated water. Animal Microbiome, 4(1), 1-18.  

Al -Benwan, K., Abbott, S., Janda, J. M., Huys, G., & Albert, M. J. (2007). Cystitis caused by 

Aeromonas caviae. Journal of Clinical Microbiology, 45(7), 2348-2350.  

Al -Harbi, A. H. (2016). Phenotypic and genotypic characterization of Streptococcus agalactiae 

isolated from hybrid tilapia (Oreochromis niloticus×O. aureus). Aquaculture, 464, 515-520.  

Al -Sunaiher, A. E., Ibrahim, A. S., & Al-Salamah, A. A. (2010). Association of Vibrio species with 

disease incidence in some cultured fishes in the Kingdom of Saudi Arabia. World Applied 

Sciences Journal, 8(5), 653-660.  

Al -Zubaidy, A. B. (2009). Prevalence and Densities of Contracaecum sp. Larvae in Liza abu from 

Different Iraqi Water Bodies. Marine Scienes, 20(1), 3-17.  



315 
 

Albert, M. J., Ansaruzzaman, M., Talukder, K. A., Chopra, A. K., Kuhn, I., Rahman, M., et al. (2000). 

Prevalence of enterotoxin genes in Aeromonas spp. isolated from children with diarrhea, 

healthy controls, and the environment. Journal of Clinical Microbiology, 38(10), 3785-3790.  

Albinali, H. H. (2011). Ciguatera fish poisoning. Heart Views, 12(4), 165.  

Albuquerque, W. F., Macrae, A., Sousa, O. V., Vieira, G. H. F., & Vieira, R. H. S. F. (2007). Multiple 

drug resistant Staphylococcus aureus strains isolated from a fish market and from fish 

handlers. Brazilian Journal of Microbiology, 38, 131-134.  

Alebachew, S., Tesfahun, A., & Kebtieneh, N. (2022). Abundance, distribution, and diversity of 

fishes in Ribb Reservoir, Lake Tana basin, Ethiopia. Cogent Food & Agriculture, 8(1), 

2105934.  

ALGA. (2021). The Australian Local Government Association. ALGA. Retrieved from 

https://alga.asn.au/about-alga/ 22/7/2021 

Algammal, A. M., Mabrok, M., Ezzat, M., Alfifi, K. J., Esawy, A. M., Elmasry, N., et al. (2022). 

Prevalence, antimicrobial resistance (AMR) pattern, virulence determinant and AMR genes of 

emerging multi-drug resistant Edwardsiella tarda in Nile tilapia and African catfish. 

Aquaculture, 548, 737643.  

Ali, N. (2017). Addressing antibiotic resistance from farm-raised fish imported to the United States. 

(M.S. in Climate Science and Policy), Bard college Annandale on Hudson, NY.  

Ali, S. H. M., Ridzuan, M. S. M., Abdullah, S. Z., Mansor, N. N., Nawi, M. F., Zamri-Saad, M., et al. 

(2020). Retrospective Identification of Bacterial Depository Revealed that Streptococcus 

iniae was Responsible for Some of the Streptococcosis Cases in Cultured Red Tilapia in 

Malaysia since 2006. Pertanika Journal of Tropical Agricultural Science, 43(2), 1.  

Alkhalife, I. S., Hassan, R. R., Abdel-Hameed, A. A., & Al-Khayal, L. A. (2006). Diphyllobothriasis 

in Saudi Arabia. Saudi Medical Journal, 27(12), 1901-1913.  

Alkhunni, S. B. A., Gaballah, M. S. M., & Gultepe, N. (2017). Pathogenic bacteria for human and fish 

isolated from fish farm in Kastamonu, Turkey. Journal of Aquatic and Marine Biology, 6(3), 

1-6.  

Alkuraieef, A. N., Alsuhaibani, A. M., Alshawi, A. H., Alfaris, N. A., & Aljabryn, D. H. (2021). 

Chemical and microbiological quality of imported chilled, frozen, and locally cultured fish in 

Saudi Arabian markets. Food Science and Technology, 42, 1-11.  

Allen, H. K., Moe, L. A., Rodbumrer, J., Gaarder, A., & Handelsman, J. (2009). Functional 

�P�H�W�D�J�H�Q�R�P�L�F�V���U�H�Y�H�D�O�V���G�L�Y�H�U�V�H����-lactamases in a remote Alaskan soil. The ISME Journal, 3(2), 

243-251.  

Almakki, A., Roure, C., Hery, M., Aujoulat, F., Jumas-Bilak, E., & Licznar-Fajardo, P. (2015). 

Investigation of culturable antibiotic resistant bacterial communities in a Mediterranean 

karstic hydrosystem. Paper presented at the 3rd International Symposium on the 



316 
 

Environmental Dimension of Antibiotic Resistance (EDAR-3), May 2015, Wernigerode, 

Germany.  

Alonso-Gómez, A., Moreno-Ancillo, A., López-Serrano, M., Suarez-de-Parga, J., Daschner, A., 

Caballero, M., et al. (2004). Anisakis simplex only provokes allergic symptoms when the 

worm parasitises the gastrointestinal tract. Parasitology Research, 93(5), 378-384.  

Alonso, A., Daschner, A., & Moreno-Ancillo, A. (1997). Anaphylaxis with Anisakis simplex in the 

gastric mucosa. The New England Journal of Medicine, 337(5), 350.  

Alonso, R. (2022). First Report of Zoonotic Tapeworms, Dibothriocephalus latus (Linnaeus, 1758) 

and D. dendriticus (Nitzsch, 1824), and Other Endohelminth Parasites in Chinook Salmon, 

Oncorhynchus tshawytscha, in Chile. Comparative Parasitology, 89(1), 35-54  

�$�O�W�X�Q�����(�������.�D�\�D�����%�������7�D�N�W�D�N�R�÷�O�X�����2�������.�D�U�D�H�U�����5�������3�D�\�G�D�V�����6�������%�D�O�D�O�����0�������H�W���D�O��������������������Comamonas 

testosteroni peritonitis secondary to dislocated intrauterine device and laparoscopic 

intervention in a continuous ambulatory peritoneal dialysis patient. Peritoneal Dialysis 

International, 33(5), 576-578.  

Alzainy, Z. A. A. (2011). The occurrence, hemolytic, cytotoxic activity and antibiotic susceptibility of 

Aeromonas hydrophila isolated from fish samples in Baghdad. The Iraqi Journal of 

Veterinary Medicine, 35(2), 123-135.  

Amadi-Wali, O., Amadi-Wali, C., & Njigwum, A. S. (2020). Isolation of diarrhea causing organisms 

(Salmonella and Shigella) from selected seafood. International Journal of Tropical Disease 

and Health, 41, 1-8.  

Amagliani, G., Brandi, G., & Schiavano, G. F. (2012). Incidence and role of Salmonella in seafood 

safety. Food Research International, 45(2), 780-788.  

Ambler, M., Homans, A., & O'Shea, P. (1986). An unusual central nervous system infection in a 

young immunocompromised host. Archives of Pathology & Laboratory Medicine, 110(6), 

497-501.  

Ammar, M., & Arafa, M. Cryptosporidium and other zoonotic parasites in Oreochromis niloticus in 

Assiut Governorate. Assiut Veterinary Medical Journal, 59(139), 142-151.  

Amundsen, P. A., Primicerio, R., Smalås, A., Henriksen, E. H., Knudsen, R., Kristoffersen, R., et al. 

�����������������/�R�Q�J�(�W�H�U�P���H�F�R�O�R�J�L�F�D�O���V�W�X�G�L�H�V���L�Q���Q�R�U�W�K�H�U�Q���O�D�N�H�V�² challenges, experiences, and 

accomplishments. Limnology and Oceanography, 64(S1), S11-S21.  

Anadón, A. M., Romarís, F., Escalante, M., Rodríguez, E., Gárate, T., Cuéllar, C., et al. (2009). The 

Anisakis simplex Ani s 7 major allergen as an indicator of true Anisakis infections. Clinical & 

Experimental Immunology, 156(3), 471-478.  

Anagnostopoulos, D. A., Parlapani, F. F., Natoudi, S., Syropoulou, F., Kyritsi, M., Vergos, I., et al. 

(2022). Bacterial Communities and Antibiotic Resistance of Potential Pathogens Involved in 

Food Safety and Public Health in Fish and Water of Lake Karla, Thessaly, Greece. 

Pathogens, 11(12), 1473.  



317 
 

Anantanawat, S., Kiermeier, A., McLeod, C., & Sumner, J. (2012). A semi-quantitative risk 

assessment of harmful parasites in Australian finfish South Australian Research & 

Development Institute pp 1-37 

ANAO. (2015). Administration of the Imported Food Inspection Scheme Department of Agriculture , 

Australian National Audit Office Canberra, ACT: 49. pp 1-132 

Andargie, G., Kassu, A., Moges, F., Tiruneh, M., & Huruy, K. (2008). Prevalence of bacteria and 

intestinal parasites among food-handlers in Gondar Town, northwest Ethiopia. Journal of 

Health, Population and Nutrition, 26(4), 451-455.  

Ando, K., Ishikura, K., Nakakugi, T., Shimono, Y., Tamai, T., Sugawa, M., et al. (2001). Five Cases 

of Diphyllobothrium nihonkaiense Infection with discovery of plerocercoids from an infective 

source, Oncorhynchus masou ishikawae. Journal of Parasitology, 87(1), 96-100.  

Andreoletti, O., Budka, H., Buncic, S., Collins, J. D., Griffin, J., Hald, T., et al. (2010). Scientific 

opinion on risk assessment of parasites in fishery products. European Food Safety Authority 

Journal, 8(4), 1-91.  

Andrews, R. H., Sithithaworn, P., & Petney, T. N. (2008). Opisthorchis viverrini: an underestimated 

parasite in world health. Trends in Parasitology, 24(11), 497-501.  

Andrews, W., Wilson, C., Poelma, P., & Romero, A. (1977a). Bacteriological survey of the channel 

catfish (Ictalurus punctatus) at the retail level. Journal of Food Science, 42(2), 359-363.  

Andrews, W., Wilson, C., Poelma, P., & Romero, A. (1977b). Comparison of methods for the 

isolation of Salmonella from imported frog legs. Applied and Environmental Microbiology, 

33(1), 65-68.  

Andrews, W. H., Bruce, V. R., June, G., Satchell, F., & Sherrod, P. (1992). Salmonella, chapter 5. In 

U.S. Food and Drug Administration, bacteriological analytical manual. In Africa Research 

Bulletin: Political, Social and Cultural Series (pp. 1-1). AOAC International, Gaithersburg, 

Md: USA, FDA. 

�$�Q�J�����3�������5�D�W�W�D�Q�D�(�$�S�L�U�R�P�\�D�N�L�M�����1�������	���*�R�K�����&�����/���������������������5�H�W�U�R�V�S�H�F�W�L�Y�H���V�W�X�G�\���R�I��Mycobacterium 

marinum skin infections. International Journal of Dermatology, 39(5), 343-347.  

Angulo, C., Figueiredo, H. C. P., Sikkel, P. C., Séré, M. G., Irion, S., Silayeva, O., et al. (2021). 

Molecular Investigation of Recurrent Streptococcus iniae Epizootics Affecting Coral Reef 

Fish on an Oceanic Island Suggests at Least Two Distinct Emergence Events. Frontiers in 

Microbiology, 12(749734), 1-12.  

Angulo, F., Bender, J., & Wicklund, J. (2000). Changes in Antimicrobial Resistance in Salmonella 

enterica Serovar Typhimurium. Emerging Infectious Diseases, 6(4), 436-437.  

Anibarro, B., Seoane, F. J., & Mugica, M. V. (2007). Involvement of hidden allergens in food allergic 

reactions. Journal of Investigational Allergology and Clinical Immunology, 17(3), 168-172.  



318 
 

Anihouvi, V., Ayernor, G., Hounhouigan, J., & Sakyi-Dawson, E. (2006). Quality characteristics of 

Lanhouin: A traditional processed fermented fish product in the Republic of Benin. African 

Journal of Food, Agriculture, Nutrition and Development, 6(1), 1-15.  

Anihouvi, V. B., Sakyi-Dawson, E., Ayernor, G. S., & Hounhouigan, J. D. (2007). Microbiological 

changes in naturally fermented cassava fish (Pseudotolithus sp.) for lanhouin production. 

International Journal of Food Microbiology, 116(2), 287-291.  

Anis, M. H., Shafeek, H., Mansour, N. S., & Moody, A. (1998). Intestinal capillariasis as a cause of 

chronic diarrhoea in Egypt. Journal of the Egyptian Society of Parasitology, 28(1), 143-147.  

Anon. (2003). A pilot survey on the identity of fish species as sold through food outlets in Australia 

Food Standards Australian and New Zealand, NSW, NT, SA, QLD and WA Australia: pp 1-

16 

ANON. (2019). Support Trafficked Children in Ghana. International Organization for Migration. 

Retrieved from https://www.iom.int/support-trafficked-children-ghana accessed 1st July 2019 

Anshary, H., Sriwulan, M. A. F., & Ogawa, K. (2014). Occurrence and molecular identification of 

Anisakis Dujardin, 1845 from marine fish in southern Makassar Strait, Indonesia. The Korean 

Journal of Parasitology, 52(1), 9-19.  

Antychowicz, J., Lipiec, M., & Matusiewicz, J. (2003). Infection of African catfish (Clarias 

gariepinus) in an intensive culture facility Mycobacterium marinum. Bulletin-European 

Association of Fish Pathologists, 23(2), 60-66.  

ANZFSC. (2018). Standard 1.6.1 �± Microbiological limits in food. In Food Standards as amended, 

taking into account amendments up to Food Standards (Proposal P1048 �± Code Revision 

(2018)) Variation (Rule number: F2018C00939). Canberra: Federal Register of Legislation. 

AQIS. (2008). Survey of Chemicals in Imported Seafood Australian Government and Quarantine and 

Inspection Service Canberra, ACT: April 2008 pp 1-15 

Aragone, M., Maurizi, D., Clara, L., Estrada, J. N., & Ascione, A. (1992). Pseudomonas mendocina, 

an environmental bacterium isolated from a patient with human infective endocarditis. 

Journal of Clinical Microbiology, 30(6), 1583-1584.  

Aravena-Roman, M., Chang, B. J., Riley, T. V., & Inglis, T. J. J. (2011). Phenotypic characteristics of 

human clinical and environmental Aeromonas in Western Australia. Pathology, 43(4), 350-

356.  

Arizono, N., Miura, T., Yamada, M., Tegoshi, T., & Onishi, K. (2011). Human infection with 

Pseudoterranova azarasi roundworm. Emerging Infectious Diseases, 17(3), 555-556.  

Arkush, K. D., Miller, M. A., Leutenegger, C. M., Gardner, I. A., Packham, A. E., Heckeroth, A. R., 

et al. (2003). Molecular and bioassay-based detection of Toxoplasma gondii oocyst uptake by 

mussels (Mytilus galloprovincialis). International Journal for Parasitology, 33(10), 1087-

1097.  



319 
 

Armignacco, O., Caterini, L., Marucci, G., Ferri, F., Bernardini, G., Raponi, G. N., et al. (2008). 

Human illnesses caused by Opisthorchis felineus Flukes, Italy. Emerging Infectious Diseases, 

14(12), 1902-1905.  

Arthur, J., Albert, E., & Boily, F. (1995). Parasites of capelin (Mallotus villosus) in the St. Lawrence 

estuary and gulf. Canadian Journal of Fisheries and Aquatic Sciences, 52(S1), 246-253.  

Arthur, J. R., & Ahmed, A. T. A. (2002). Checklist of the parasites of fishes of Bangladesh, Food and 

Agriculture Organization of the United Nations Rome, Italy: 369/1. pp 1-88 

Asato, R., Wakuda, M., & Sueyoshi, T. (1991). A case of human infection with Anisakis physeteris 

larvae in Okinawa, Japan. Kiseichugaku Zasshi, 40(2), 181-183.  

Ashrafulla, M., Lodhi, M. M. I., Kuknoor, G. R., & Katakol, S. (2017). A rare case of 

Diphyllobothriasis and megaloblastic anaemia in a middle-aged lady from South India. Indian 

Journal of Microbiology Research, 4(4), 471-472.  

Attaran, R., & Probst, F. (2002). Histamine fish poisoning: a common but frequently misdiagnosed 

condition. Emergency Medicine Journal, 19(5), 474-475.  

Attia, R., Tolba, M., Yones, D., Bakir, H., Eldeek, H., & Kamel, S. (2012). Capillaria philippinensis 

in Upper Egypt: Has it become endemic? American Journal of Tropical Medicine and 

Hygiene, 86(1), 126-133.  

Aubry, A., Chosidow, O., Caumes, E., Robert, J., & Cambau, E. (2002). Sixty-three cases of 

Mycobacterium marinum infection: clinical features, treatment, and antibiotic susceptibility of 

causative isolates. Archives of Internal Medicine, 162(15), 1746-1752.  

Aubry, A., Mougari, F., Reibel, F., & Cambau, E. (2017). Mycobacterium marinum. Tuberculosis and 

Nontuberculous Mycobacterial Infections, 5(2), 735-752.  

Audicana, M., & Kennedy, M. (2008). Anisakis simplex: from obscure infectious worm to inducer of 

immune hyersensitivity. Clinical Microbiology Reviews, 21, 360-379.  

Audicana, M. T., Fernández de Corres, L., Muñoz, D., Fernández, E., Navarro, J. A., & del Pozo, M. 

D. (1995). Recurrent anaphylaxis caused by Anisakis simplex parasitizing fish. Journal of 

Allergy and Clinical Immunology, 96(4), 558-560.  

Aung, W. P. P., Htoon, T. T., Tin, H. H., Thinn, K. K., Sanpool, O., Jongthawin, J., et al. (2017). First 

report and molecular identification of Opisthorchis viverrini infection in human communities 

from Lower Myanmar. PloS one, 12(5), e0177130.  

Export Control (Fish and Fish Products) Order 2005, Rule number: F2021L00317. Federal Register of 

Legislation C.F.R. (2021). 

Customs Act 1901, No. 6, Compilation Number 167. Rule number: C2021C00197. Issuing 

Organisation: Australian Government Federal Register of Legislation C.F.R. (1901). 

Food Standards Australia New Zealand Act 1991, Compilation Number: 28. Rule number: 

C2018C00243. Issuing Organisation: Australian Government Federal Register of Legislation 

C.F.R. (1991). 



320 
 

Imported Food Control Regulations 1993, Latest version  F2017C00345, Amended 19 April 2017. 

Rule Number: 100. Federal Register of Legislation C.F.R. (1993). 

Customs Tariff Act 1995, No. 147, Compilation No. 83, updated 2021. Rule number: C2021C00192. 

Australian Government Federal Register of Legislation C.F.R. (1995). 

�7�U�D�Q�V�)�7�D�V�P�D�Q���0�X�W�X�D�O���5�H�F�R�J�Q�L�W�L�R�Q���$�F�W���������������,�Q���)�R�U�F�H���������0�D�U�F�K���������������7�L�W�O�H���1�X�P�E�H�U�����$��������-30 

Issue: 190. Compilation Number: 21. Federal Register of Legislation C.F.R. (1997). 

Legislations Act 2003, Compilation Number 39. Rule number: C2019C00084. Australian 

Government Federal Register of Legislation C.F.R. (2003). 

National Health Security Act 2007 (Cth), Act Number: 13, 2021. Compilation:  1 September 2021. 

Rule number: C2021C00451. Federal Register of Legislation C.F.R. (2007). 

Aust. Gov. (2012). Compositional guideline: Fish oil �± natural Australian Government Department of 

Health and Aging. Retrieved from https://www.tga.gov.au/sites/default/files/cm-cg-fish-oil-

natural-110430.pdf 1/7/2018 

Aust. Gov. (2017). Country of Origin Food Labelling Information Standard 2016. (Rule number: 

F2017C00920, pp. 1-10). ACT, Canberra: Federal Register of Legislation. 

Imported Food Control Amendment Act 2018, Title Number: 108. Federal Register of Legislation 

C.F.R. (2018a). 

Therapeutic Goods Order No. 98 �± Microbiological Standards for Medicines 2018, Title Number: 

TGO 100. Rule Number: F2018L01287. Standing Committee on Regulations and Ordinances 

C.F.R. (2018b). 

Imported Food Control Regulations 2019, Rule number: F2019L01006. Federal Register of 

Legislation C.F.R. (2019). 

Imported Food Control Order 2020, In force  25 November 2020. Rule number: F2020L01414. 

Federal Register of Legislation C.F.R. (2020a). 

Aust. Gov. (Producer). (2020b, 22/7/2021). Integrated Cargo System (ICS). Retrieved from 

https://www.abf.gov.au/help-and-support/ics/integrated-cargo-system-(ics) 

Aust. Gov. (2020c). OzFoodNet: Foodborne disease in Australia Annual Reports of the OzFoodNet 

network. from Australia. Department of Health, Retrieved from 

https://www1.health.gov.au/internet/main/publishing.nsf/Content/cdna-ozfoodnet-reports.htm 

1/7/2020 

Imported Food Control Act 1992, Number 227. Compilation 27. Rule number: C2021C00157. 

Federal Register of Legislation C.F.R. (2021). 

Austin, B., & Stobie, M. (1992). Recovery of Serratia plymuthica and presumptive Pseudomonas 

pseudoalcaligenes from skin lesions in rainbow trout, Oncorhynchus mykiss (Walbaum), 

otherwise infected with enteric redmouth. Journal of Fish Diseases, 15(6), 541-543.  

Austin, D. N., Mikhail, M. G., Chiodini, P. L., & Murray-Lyon, I. M. (1999). Intestinal capillariasis 

acquired in Egypt. European Journal of Gastroenterology & Hepatology, 11(8), 935-936.  



321 
 

Autier, B., Belaz, S., Degeilh, B., Gangneux, J.-P., & Robert-Gangneux, F. (2019). Dibothriocephalus 

nihonkaiensis: an emerging foodborne parasite in Brittany (France)? Parasites & Vectors, 

12(1), 1-6.  

Avila-Forcada, S., Martínez-Cruz, A. L., & Munoz-Pina, C. (2012). Conservation of Vaquita marina 

in the Northern Gulf of California. Marine Policy, 36(3), 613-622.  

Awan, F., Dong, Y., Wang, N., Liu, J., Ma, K., & Liu, Y. (2018). The fight for invincibility: 

Environmental stress response mechanisms and Aeromonas hydrophila. Microbial 

Pathogenesis, 116, 135-145.  

Awosolu, O. B., Simon-Oke, I., & Oyelere, A. (2018). Studies on the Prevalence and Distribution of 

Parasites of Tilapia Fish (Oreochromis niloticus) from Igbokoda River, Ondo State, Nigeria. 

Molecular Pathogens, 9, 1-4.  

Badar, E. G. B. (2007). Ectoparasites and endoparasites among Oreochromis niloticus (tilapia). Liceo 

Journal of Higher Education Research, 5(1), 1-18.  

Baeza, M. L., Rodríguez, A., Matheu, V., Rubio, M., Tornero, P., De Barrio, M., et al. (2004). 

Characterization of allergens secreted by Anisakis simplex parasite: clinical relevance in 

comparison with somatic allergens. Clinical & Experimental Allergy, 34(2), 296-302.  

Bair, M.-J., Chen, H.-L., Lin, I.-T., Lee, C.-H., Chang, W.-H., & Shih, S.-C. (2009). A Rare case of 

chronic diarrhea in an elderly male. International Journal of Gerontology, 3(2), 122-125.  

Baird, R. (2004). Illegal, unreported and unregulated fishing: an analysis of the legal, economic and 

historical factors relevant to its development and persistence. Melbourne Journal of 

International Law, 5, 1-36.  

�%�D�N�H�U�(�$�X�V�W�L�Q�����&�������	���2�O�L�Y�H�U�����-�����'��������������������Vibrio vulnificus: new insights into a deadly opportunistic 

pathogen. Environmental Microbiology, 20(2), 423-430.  

�%�D�N�H�U�(�$�X�V�W�L�Q�����&�������6�W�R�F�N�O�H�\�����/�������5�D�Q�J�G�D�O�H�����5�������	���0�D�U�W�L�Q�H�]�(�8�U�W�D�]�D�����-���������������������(�Q�Y�L�U�R�Q�P�H�Q�W�D�O��

occurrence and clinical impact of Vibrio vulnificus and Vibrio parahaemolyticus: a European 

perspective. Environmental Microbiology Reports, 2(1), 7-18.  

Balasoiu, A. T., Zlatian, O. M., Ghenea, A. E., Davidescu, L., Lungu, A., Golli, A. L., et al. (2022). A 

rare case of endophthalmitis with Rhizobium radiobacter, soon after a resolved keratitis: Case 

report. Antibiotics, 11(7), 905-920.  

Bangs, M. J., Purnomo, & Andersen, E. M. (1994). A case of capillariasis in a highland community of 

Irian Jaya, Indonesia. Annals of Tropical Medicine & Parasitology, 88(6), 685-687.  

Bao, M., Strachan, N. J., Hastie, L. C., MacKenzie, K., Seton, H. C., & Pierce, G. J. (2017). 

Employing visual inspection and Magnetic Resonance Imaging to investigate Anisakis 

simplex sl infection in herring viscera. Food Control, 75, 40-47.  

Barbarroja-Escudero, J., Sanchez-Gonzalez, M. J., Antolin-Amerigo, D., Rodriguez-Rodriguez, M., & 

Alvarez-Mon, M. (2016). Nonoccupational airborne-induced anaphylaxis caused by Anisakis 

simplex. Journal of Investigational Allergology and Clinical Immunology, 26(3), 196-197.  



322 
 

Bardhan, A., Qureshi, Q., & Abraham, T. (2019). Mutation frequencies of motile Aeromonas spp. 

from cultured carps against oxytetracycline and chloramphenicol. Indian Journal of Animal 

Health, 58(2), 169-175.  

Barka, E. A., Vatsa, P., Sanchez, L., Gaveau-Vaillant, N., Jacquard, C., Klenk, H.-P., et al. (2016). 

Taxonomy, Physiology, and Natural Products of Actinobacteria. Microbiology and Molecular 

Biology Reviews, 80(1), 1-43.  

Barson, M., & Marshall, B. E. (2004). First record of Contracaecum spp. (Nematoda : Anisakidae) in 

fish-eating birds from Zimbabwe. Journal of the South African Veterinary Association, 75(2), 

74-78.  

Bartholomew, B. A., Berry, P., Rodhouse, J. C., Gilbert, R., & Murray, C. (1987). Scombrotoxic fish 

poisoning in Britain: features of over 250 suspected incidents from 1976 to 1986. 

Epidemiology & Infection, 99(3), 775-782.  

Barua, P., Hazarika, N., Barua, N., Barua, C., & Choudhury, B. (2007). Gnathostomiasis of the 

anterior chamber. Indian Journal of Medical Microbiology, 25(3), 276-278.  

Basak, S., Sinha, T., Bhattacharya, D., Hazra, T., & Parikh, S. (2004). Intravitreal live gnathostoma 

spinigerum. Indian Journal of Ophthalmology, 52(1), 57-58.  

Bashirullah, A. (1972). Occurrence of Gnathostoma spinigerum Owen, 1836, in Dacca, Bangladesh. 

Journal of Parasitology, 58(1), 187-188.  

Bashirullah, A. (1973). A brief survey of the helminth fauna of certain marine and freshwater fishes of 

Bangladesh. Bangladesh J. Zool, 1(1), 63-81.  

Bashirullah, A. (1974). Two new nematode species of Camallanus Railliet and Henry 1915 from 

freshwater fishes of Dacca, Bangladesh. Norwegian Journal of Zoology, 22(1), 57-60.  

Battersby, L. (Producer). (2016, 1/7/2017). Hunky Dory fish and chips accused of serving catfish as 

dory. The Age. Retrieved from https://www.theage.com.au/national/victoria/hunky-dory-fish-

and-chips-accused-of-serving-catfish-as-dory-20160524-gp2lbg.html 

Beale, R., Fairbrother, J., Inglis, A., & Trebeck, D. (2008). One Biosecurity: A working Partnership. 

�7�K�H���,�Q�G�H�S�H�Q�G�H�Q�W���5�H�Y�L�H�Z���R�I���$�X�V�W�U�D�O�L�D�¶�V���4�X�D�U�D�Q�W�L�Q�H���D�Q�G���%�L�R�V�H�F�X�U�L�W�\���$�U�U�D�Q�J�H�P�H�Q�W�V���5�H�S�R�U�W���W�R��

the Australian Government Commonwealth of Australia Canberra, Australia: pp 1-244 

Beaver, P. C., & Khamboonruang, C. (1984). Dioctophyma-like larval nematode in a subcutaneous 

nodule from man in Northern Thailand. The American Journal of Tropical Medicine and 

Hygiene, 33(5), 1032-1034.  

Beldsoe, G. E., & Oria, �0�����3���������������������3�R�W�H�Q�W�L�D�O���K�D�]�D�U�G�V���L�Q���F�R�O�G�(�V�P�R�N�H�G���Iish: Parasites. Journal of 

Food Science, 66, S1100-S1103.  

Belizario, V. Y., de Leon, W. U., Esparar, D. G., Galang, J. M., Fantone, J., & Verdadero, C. (2000). 

Compostela Valley: a new endemic focus for Capillariasis philippinensis. Southeast Asian 

Journal of Tropical Medicine and Public Health, 31(3), 478-481.  

https://www.theage.com.au/national/victoria/hunky-dory-fish-and-chips-accused-of-serving-catfish-as-dory-20160524-gp2lbg.html
https://www.theage.com.au/national/victoria/hunky-dory-fish-and-chips-accused-of-serving-catfish-as-dory-20160524-gp2lbg.html


323 
 

Bennett, N. J., Finkbeiner, E. M., Ban, N. C., Belhabib, D., Jupiter, S. D., Kittinger, J. N., et al. 

(2020). The COVID-19 pandemic, small-scale fisheries and coastal fishing communities. 

Coastal Management, 48(4), 336-347.  

Berg, R., & Anderson, A. (1972). Salmonellae and Edwardsiella tarda in gull feces: a source of 

contamination in fish processing plants. Applied Microbiology, 24(3), 501-503.  

Bhaibulaya, M., & Indra-Ngarm, S. (1979). Amaurornis phoenicurus and Ardeola bacchus as 

experimental definitive hosts for Capillaria philippinensis in Thailand. International Journal 

for Parasitology, 9(4), 321-322.  

Bhansali, V. D., Kalane, S. U., Mandke, H., & Joe, G. (2020). Rhizobium radiobacter�±A rare 

organism causing central line-associated bloodstream infection in a preterm neonate. Indian 

Journal of Child Health, 7(10), 418-420.  

Bhat, R. A. H., Thakuria, D., Tandel, R. S., Khangembam, V. C., Dash, P., Tripathi, G., et al. (2022). 

Tools and techniques for rational designing of antimicrobial peptides for aquaculture. Fish & 

Shellfish Immunology, 127, 1033-1050.  

BICON. (2020). Case: Finfish (excluding Salmonid) for human consumption Effective: 07 Apr 2020. 

Australian Biosecurity Import Conditions. Australian Government Department of Water and 

the Environment. Retrieved from 

https://bicon.agriculture.gov.au/BiconWeb4.0/ImportConditions/Questions/EvaluateCase?ele

mentID=0000067916&elementVersionID=360 15/4/2020 

Bielecki, J. (2003). Emerging food pathogens and bacterial toxins. Acta Microbiologica Polonica, 52, 

17-22.  

Bisharat, N., Agmon, V., Finkelstein, R., Raz, R., Ben-Dror, G., Lerner, L., et al. (1999). Clinical, 

epidemiological, and microbiological features of Vibrio vulnificus biogroup 3 causing 

outbreaks of wound infection and bacteraemia in Israel. The Lancet, 354(9188), 1421-1424.  

Biswas, J., Jainab, T., Hossain, M., Yasmin, M., Nessa, J., & Ahsan, C. R. (2019). Characterization of 

ctx gene Negative Vibrio fluvialis Organisms isolated from the environment. Bangladesh 

Journal of Microbiology, 36(2), 91-97.  

Boceska, B. K., Osmani, D., Basovska, B. P., Petreska, V. K., Trajkova, Z. A., Jovanovska, A., et al. 

(2020). Rhizobium radiobacter bacteremia in a two-year-old patient with an acute 

lymphoblastic leukemia: a case report. Archives of Public Health, 12(3), 91-94.  

�%�R�J�G�D�Q�R�Y�L�ü�����5�������ý�R�E�H�O�M�L�ü�����0�������0�D�U�N�R�Y�L�ü�����0�������1�L�N�R�O�L�ü�����9�������2�J�Q�M�D�Q�R�Y�L�ü�����0�������6�D�U�M�D�Q�R�Y�L�ü�����/�������H�W���D�O����

(1991). Haemolytic-uraemic syndrome associated with Aeromonas hydrophila enterocolitis. 

Pediatric Nephrology, 5(3), 293-295.  

Bohai, X., Zhan, Y., Yushen, W., & Taozhen, C. (1993). Studies on the taxonomy of pathogenic 

bacteria of the bacterial hemorrhagic septicemia in cultured fishes in freshwater (Abstract 

only). Acta Hydrobiologica Sinica, 3.  



324 
 

�%�R�±�N�R�����$�����9���������������������7�K�H���H�W�L�R�O�R�J�L�F�D�O���V�W�U�X�F�W�X�U�H���R�I���D�F�X�W�H���L�Q�W�H�V�W�L�Q�D�O���L�Q�I�H�F�W�L�R�Q�V���F�D�X�V�H�G by noncholera 

Vibrios in the Volga delta. Zhurnal Mikrobiologii, Epidemiologii i Immunobiologii (1), 15-17.  

Bondad-Reantaso, M. G., Subasinghe, R. P., Arthur, J. R., Ogawa, K., Chinabut, S., Adlard, R., et al. 

(2005 a & b). Disease and health management in Asian aquaculture. Veterinary Parasitology, 

132(3-4), 249-272.  

Borchardt, S. M., DeBusscher, J. H., Tallman, P. A., Manning, S. D., Marrs, C. F., Kurzynski, T. A., 

et al. (2006). Frequency of antimicrobial resistance among invasive and colonizing Group B 

Streptococcal isolates. BMC Infectious Diseases, 6(1), 57.  

Boreham, R. E., Hendrick, S., apos, Donoghue, P. J., & Stenzel, D. J. (1998). Incidental finding of 

Myxobolus spores (Protozoa: Myxozoa) in stool samples from patients with gastrointestinal 

symptoms. Journal of Clinical Microbiology, 36(12), 3728.  

Boss, R., Overesch, G., & Baumgartner, A. (2016). Antimicrobial resistance of Escherichia coli, 

Enterococci, Pseudomonas aeruginosa, and Staphylococcus aureus from raw fish and seafood 

Imported into Switzerland. Journal of Food Protection, 79(7), 1240-1246.  

Bostock, J., McAndrew, B., Richards, R., Jauncey, K., Telfer, T., Lorenzen, K., et al. (2010). 

Aquaculture: global status and trends. Philosophical Transactions of the Royal Society B: 

Biological Sciences, 365(1554), 2897-2912.  

Bouree, P., Paugam, A., & Petithory, J.-C. (1995). Anisakidosis: Report of 25 cases and review of the 

literature. Comparative Immunology, Microbiology and Infectious Diseases, 18(2), 75-84.  

Bouvard, V., Baan, R., Straif, K., Grosse, Y., Secretan, B., Ghissassi, F. E., et al. (2009). A review of 

human carcinogen - Part B: biological agents. The Lancet Oncology, 10(4), 321-322.  

Boyatzis, R. E. (1998). Transforming qualitative information: Thematic analysis and code 

development. Cleveland, Ohio: Sage. 1-204 

Braunstein, H., Tucker, E. B., & Gibson, B. C. (1969). Identification and significance of 

Streptococcus agalactiae (Lancefield group B). American Journal of Clinical Pathology, 

51(2), 207-213.  

Brenner, D., Hickman-Brenner, F., Lee, J., Steigerwalt, A., Fanning, G., Hollis, D., et al. (1983). 

Vibrio furnissii  a new species isolated from human feces and the environment. Journal of 

Clinical Microbiology, 18(4), 816-824.  

Brickle, P., MacKenzie, K., & Pike, A. (2005). Parasites of the Patagonian toothfish, Dissostichus 

eleginoides Smitt 1898, in different parts of the Subantarctic. Polar Biology, 28(9), 663-671.  

Bridel, S., Bourgeon, F., Marie, A., Saulnier, D., Pasek, S., Nicolas, P., et al. (2020). Genetic diversity 

and population structure of Tenacibaculum maritimum, a serious bacterial pathogen of marine 

fish: from genome comparisons to high throughput MALDI-TOF typing. Veterinary 

Research, 51(1), 1-17.  



325 
 

Briggs, C. E., & Fratamico, P. M. (1999). Molecular characterization of an antibiotic resistance gene 

cluster of Salmonella typhimurium DT104. Antimicrobial Agents and Chemotherapy, 43(4), 

846-849.  

Bromage, E., Thomas, A., & Owens, L. (1999). Streptococcus iniae, a bacterial infection in 

barramundi Lates calcarifer. Diseases of Aquatic Organisms, 36(3), 177-181.  

Bromage, E. a., & Owens, L. (2002). Infection of barramundi Lates calcarifer with Streptococcus 

iniae: effects of different routes of exposure. Diseases of Aquatic Organisms, 52(3), 199-205.  

Brown, A., De Costa, C., & Guo, F. (2020). Our food future: trends and opportunities Australian 

Bureau of Agricultural and Resource Economics and Sciences Canberra, ACT: Document 

number: 20.1. pp 1-2 

Brown, J., Brickle, P., & Scott, B. (2013). The parasite fauna of the Patagonian toothfish Dissostichus 

eleginoides off the Falkland Islands. Journal of Helminthology, 87(4), 501.  

Brugere, C., Onuigbo, D. M., & Morgan, K. L. (2017). People matter in animal disease surveillance: 

Challenges and opportunities for the aquaculture sector. Aquaculture, 467, 158-169.  

Brunet, J., Pesson, B., Royant, M., Lemoine, J.-P., Pfaff, A. W., Abou-Bacar, A., et al. (2017). 

Molecular diagnosis of Pseudoterranova decipiens s.s in human, France. BMC Infectious 

Diseases, 17(1), 1-5.  

Budiati, T., Rusul, G., Wan-Abdullah, W. N., Arip, Y. M., Ahmad, R., & Thong, K. L. (2013). 

Prevalence, antibiotic resistance and plasmid profiling of Salmonella in catfish (Clarias 

gariepinus) and tilapia (Tilapia mossambica) obtained from wet markets and ponds in 

Malaysia. Aquaculture, 372, 127-132.  

Burridge, L., Weis, J. S., Cabello, F., Pizarro, J., & Bostick, K. (2010). Chemical use in salmon 

aquaculture: a review of current practices and possible environmental effects. Aquaculture, 

306(1-4), 7-23.  

Byong-Seol, S., Jong-Yil, C., & Seoon-Hyung, L. (1984). A human case infected by the larva of 

Terranova type A in Korea. Korean Journal of Parasitology, 22(2), 248-252.  

Caballero, M. L., Asero, R., Antonicelli, L., Kamberi, E., Colangelo, C., Fazii, P., et al. (2013). 

Anisakis allergy component-resolved diagnosis: clinical and immunologic differences 

between patients from Italy and Spain. International Archives of Allergy and Immunology, 

162(1), 39-44.  

Caballero, M. L., & Moneo, I. (2004). Several allergens from Anisakis simplex are highly resistant to 

heat and pepsin treatments. Parasitology Research, 93(3), 248-251.  

Cabello, F. C. (2006). Heavy use of prophylactic antibiotics in aquaculture: a growing problem for 

human and animal health and for the environment. Environmental Microbiology, 8(7), 1137-

1144.  



326 
 

Cai, W., Willmon, E., Burgos, F. A., Ray, C. L., Hanson, T., & Arias, C. R. (2019). Biofilm and 

sediment are major reservoirs of virulent Aeromonas hydrophila (vAh) in catfish production 

ponds. Journal of Aquatic Animal Health, 31(1), 112-120.  

Calif, E., Kaufman, B., & Stahl, S. (2003). Vibrio vulnificus infection of the lower limb after fish 

spine injuries. Clinical Orthopaedics and Related Research, 411, 274-279.  

Camacho, S. P. D., Willms, K., de La Cruz Otero, M. D. C., Zazueta Ramos, M. L., Gaxiola, S. B., 

Velázquez, R. C., et al. (2003). Acute outbreak of gnathostomiasis in a fishing community in 

Sinaloa, Mexico. Parasitology International, 52(2), 133-140.  

Camacho, S. P. D., Willms, K., Ramos, M., de la Cruz, M. d. C., Nawa, Y., & Akahane, H. (2002). 

Morphology of Gnathostoma spp. isolated from natural hosts in Sinaloa, Mexico. 

Parasitology Research, 88(7), 639-645.  

Cammilleri, G., Chetta, M., Costa, A., Graci, S., Collura, R., Buscemi, M. D., et al. (2016). Validation 

of the TrichinEasy® digestion system for the detection of Anisakidae larvae in fish products. 

Acta Parasitologica, 61(2), 369-375.  

Cannon, L. R. G. (1977). Some larval ascaridoids from south-eastern queensland marine fishes. 

International Journal for Parasitology, 7(3), 233-243.  

�&�D�S�X�W�R�����$�������%�R�Q�G�D�G�(�5�H�D�Q�W�D�V�R�����0�����*�������.�D�U�X�Q�D�V�D�J�D�U�����,�������+�D�R�����%�������*�D�X�Q�W�����3�������9�H�U�Q�H�U�(�-�H�I�I�U�H�\�V�����'�������H�W���D�O����

(2022). Antimicrobial resistance in aquaculture: A global analysis of literature and national 

action plans. Reviews in Aquaculture, 1-11.  

Caraballo, L., & Coronado, S. (2018). Parasite allergens. Molecular Immunology, 100, 113-119.  

Caramello, P., Vitali, A., Canta, F., Caldana, A., Santi, F., Caputo, A., et al. (2003). Intestinal 

localization of anisakiasis manifested as acute abdomen. Clinical Microbiology and Infection, 

9(7), 734-737.  

Carballeda-Sangiao, N., Olivares, F., Rodriguez-Mahillo, A. I., Careche, M., Tejada, M., Moneo, I., et 

al. (2014). Identification of autoclave-resistant Anisakis simplex allergens. Journal of Food 

Protection, 77(4), 605-609.  

Carballeda-Sangiao, N., Rodríguez-Mahillo, A. I., Careche, M., Navas, A., Caballero, T., Dominguez-

Ortega, J., et al. (2016). Ani s 11-like protein is a pepsin-and heat-resistant major allergen of 

Anisakis spp. and a valuable tool for Anisakis allergy component-resolved diagnosis. 

International Archives of Allergy and Immunology, 169(2), 108-112.  

Carda-Diéguez, M., Silva-Hernández, F., Hubbard, T., Chao, M., Waldor, M., & Amaro, C. (2018). 

Comprehensive identification of Vibrio vulnificus genes required for growth in human serum. 

Virulence, 9(1), 981-993.  

Carnahan, A., Chakraborty, T., Fanning, G., Verma, D., Ali, A., Janda, J., et al. (1991). Aeromonas 

trota sp. nov., an ampicillin-susceptible species isolated from clinical specimens. Journal of 

Clinical Microbiology, 29(6), 1206-1210.  



327 
 

Carnahan, A., Marii, M., Fanning, G., Pass, M., & Joseph, S. (1989). Characterization of Aeromonas 

schubertii strains recently isolated from traumatic wound infections. Journal of Clinical 

Microbiology, 27(8), 1826-1830.  

Carrascosa, M. F., Mones, J. C., Salcines-Caviedes, J. R., & Román, J. G. (2015). A man with 

unsuspected marine eosinophilic gastritis. The Lancet Infectious Diseases, 15(2), 248.  

Cartwright, M. J., King, M. H., Weinberg, R. S., & Guerry, R. K. (1990). Micrococcus 

endophthalmitis. Archives of Ophthalmology, 108(11), 1523-1524.  

Carvalho, D. C., Neto, D. A., Brasil, B. S., & Oliveira, D. A. (2011). DNA barcoding unveils a high 

rate of mislabeling in a commercial freshwater catfish from Brazil. Mitochondrial DNA, 

22(sup1), 97-105.  

Cassetty, C. T., & Sanchez, M. (2004). Mycobacterium marinum infection. Dermatology, 10(3), 21-

21.  

Castro-Escarpulli, G., Figueras, M. J., Aguilera-Arreola, G., Soler, L., Fernández-Rendón, E., 

Aparicio, G. O., et al. (2003). Characterisation of Aeromonas spp. isolated from frozen fish 

intended for human consumption in Mexico. International Journal of Food Microbiology, 

84(1), 41-49.  

Cavaleiro, B., Serrão, J., Nogueira, S., Ribeiro, L., Hermida, M., Cruz, C., et al. (2021). Survey of 

Kudoa spp. (Myxozoa, Cnidaria) in fishes from the Madeira Archipelago and the Portuguese 

mainland coast: detection of Kudoa thyrsites in new hosts Scomber colias and Micromesistius 

poutassou. Folia Parasitologica, 68, 1-7.  

CDC. (2021). Cholera- Vibrio cholerae infection. Waterborne, and Environmental Diseases. Centre 

for Disease Control and Prevention. Retrieved from 

https://www.cdc.gov/cholera/general/index.html 16/7/2021 

Centers for Disease, C., & Prevention, U. S. A. (1996). Invasive infection with Streptococcus iniae--

Ontario, 1995-1996. MMWR: Morbidity and mortality weekly report, 45(30), 650-653.  

Certad, G., Dupouy-Camet, J., Gantois, N., Hammouma-Ghelboun, O., Pottier, M., Guyot, K., et al. 

(2015). Identification of Cryptosporidium species in fish from Lake Geneva (lac Leman) in 

France. PloS one, 10(7), e0133047.  

Céspedes, M., Saez, A., Rodríguez, I., Pinto, J. M., & Rodríguez, R. (2000). Chronic anisakiasis 

presenting as a mesenteric mass. Abdominal Imaging, 25(5), 548-550.  

Cha, E. J., Kim, J. S., & Heo, S. J. (2022). Anisakiasis in palatine tonsil. The Journal of Craniofacial 

Surgery, 33(7), e692-e694.  

Chai, J.-Y., Choi, M.-H., Yu, J.-R., & Lee, S.-H. (2003a). Gymnophalloides seoi: a new human 

intestinal trematode. Trends in Parasitology, 19(3), 109-112.  

Chai, J.-Y., Darwin Murrell, K., & Lymbery, A. J. (2005). Fish-borne parasitic zoonoses: Status and 

issues. International Journal for Parasitology, 35(11), 1233-1254.  



328 
 

Chai, J.-Y., Han, E.-T., Shin, E.-H., Park, J.-H., Chu, J.-P., Hirota, M., et al. (2003b). An outbreak of 

gnathostomiasis among Korean emigrants in Myanmar. The American Journal of Tropical 

Medicine and Hygiene, 69(1), 67.  

Chai, J.-Y., Shin, E.-H., Lee, S.-H., & Rim, H.-J. (2009). Foodborne intestinal flukes in Southeast 

Asia. The Korean Journal of Parasitology, 47 Suppl, S69-S102.  

Chai, J. Y., Cho, S. R., Kook, J., & Lee, S. H. (1992). Infection status of the sea eel (Astroconger 

myriaster) purchased from the Noryangjin fish market with anisakid larvae. The Korean 

Journal of Parasitology, 30(3), 157.  

Chai, Z., Soko, W. C., Xie, J., & Bi, H. (2022). Microchip coupled with MALDI -TOF MS for the 

investigation of bacterial contamination of fish muscle products. Food Chemistry, 396, 

133658.  

Chaiputcha, K., Promthet, S., & Bradshaw, P. (2015). Prevalence and risk factors for infection by 

Opisthorchis viverrini in an urban area of Mahasarakham Province, Northeast Thailand. The 

Asian Pacific Journal of Cancer Prevention, 16(10), 4173-4176.  

Chambers, G. (Producer). (2015, 22/8/2019). Toxic tuna: Daily Telegraph investigation reveals the 

�µ�V�P�H�O�O�\�¶���D�Q�G���µ�P�H�V�V�\�¶���F�R�Q�G�L�W�L�R�Q�V���D�W���7�K�D�L���W�X�Q�D factories linked to poisoned fish. Daily 

Telegraph Retrieved from https://www.dailytelegraph.com.au/news/national/toxic-tuna-daily-

telegraph-investigation-reveals-the-smelly-and-messy-conditions-at-thai-tuna-factories-

linked-to-poisoned-fish/news-story/2c008797befa8f5ffef15aced309a675 22/8/2019 

Champsaur, H., Andremont, A., Mathieu, D., Rottman, E., & Auzepy, P. (1982). Cholera-like illness 

due to Aeromonas sobria. Journal of Infectious Diseases, 145(2), 248-254.  

Chan, K.-Y., Woo, M. L., Lam, L. Y., & French, G. L. (1989). Vibrio parahaemolyticus and other 

halophilic vibrios associated with seafood in Hong Kong. Journal of Applied Bacteriology, 

66(1), 57-64.  

Chanda, S., Barman, G. D., & Bandyopadhyay, P. K. (2020). New host and new geographical record 

of the ciliate parasites of ornamental fish, Botia rostrata from Arunachal Pradesh for the first 

time in India. Journal of Parasitic Diseases, 44(1), 194-200.  

Chandenier, J., Husson, J., Canaple, S., Gondry-Jouet, C., Dekumyoy, P., Danis, M., et al. (2001). 

Medullary gnathostomiasis in a white patient: use of immunodiagnosis and magnetic 

resonance imaging. Clinical Infectious Diseases, 32(11), e154-e157.  

Chandler, A. C. (1926). The Prevalence and Epidemiology of Hookworm and other Helminthic 

Infections in India. Part IV. Assam and the Hill Areas of Eastern Bengal. Indian Journal of 

Medical Research, 14(2), 481-492.  

Chandra, K. (2006). Fish parasitological studies in Bangladesh: a review. Journal of Agriculture & 

Rural Development, 4(1), 9-18.  

Chanza, M., Vidal, S., & Gimeno, C. (2017). Rhizobium radiobacter in pulmonary abscess associated 

with postgripal necrotizing pneumonia. Spanish Society of Chemotherapy, 30(1), 50.  



329 
 

Chappuis, F., Farinelli, T., & Loutan, L. (2001). Ivermectin treatment of a traveler who returned from 

Peru with cutaneous gnathostomiasis Clinical Infectious Diseases, 33(4), 587-587.  

Chapsos, I., & Hamilton, S. (2019). Illegal fishing and fisheries crime as a transnational organized 

crime in Indonesia. Trends in Organized Crime, 22(3), 255-273.  

Chari, N., Felix, L., Davoodbasha, M., Ali, A. S., & Nooruddin, T. (2017). In vitro and in vivo 

antibiofilm effect of copper nanoparticles against aquaculture pathogens. Biocatalysis and 

Agricultural Biotechnology, 10, 336-341.  

Chauhan, S., Kaval, S., & Tewari, S. (2016). Dioctophymiasis: A Rare Case Report. Journal of 

Clinical and Diagnostic Research : JCDR, 10(2), DD01.  

Chávez-Crooker, P., & Obreque-Contreras, J. (2010). Bioremediation of aquaculture wastes. Current 

Opinion in Biotechnology, 21(3), 313-317.  

Chen, C. Y., Chao, C. B., & Bowser, P. R. (2006). Infection of tilapia Oreochromis sp. by Vibrio 

vulnificus �L�Q���I�U�H�V�K�Z�D�W�H�U���D�Q�G���O�R�Z�(�V�D�O�L�Q�L�W�\ environments. Journal of the World Aquaculture 

Society, 37(1), 82-88.  

Chen, C. Y., Hsieh, W. C., Lin, J. T., & Liu, M. C. (1989). Intestinal capillariasis: report of a case. 

Journal of the Formosan Medical Association, 88(6), 617-620.  

Chen, D., Peng, S., Chen, D., Yang, F., Liu, J., Wang, J., et al. (2020a). Low lethal doses of 

Streptococcus iniae caused enteritis in Siberian sturgeon (Acipenser baerii). Fish & Shellfish 

Immunology, 104, 654-662.  

Chen, J., Sun, R., Pan, C., Sun, Y., Mai, B., & Li, Q. X. (2020b). Antibiotics and food safety in 

aquaculture. Journal of Agricultural and Food Chemistry, 68(43), 11908-11919.  

Chen, M., Wang, R., Luo, F.-G., Huang, Y., Liang, W.-W., Huang, T., et al. (2015). Streptococcus 

agalactiae isolates of serotypes Ia, III and V from human and cow are able to infect tilapia. 

Veterinary Microbiology, 180(1), 129-135.  

Chen, S., Ai, L., Zhang, Y., Chen, J., Zhang, W., Li, Y., et al. (2014). Molecular detection of 

Diphyllobothrium nihonkaiense in humans, China. Emerging Infectious Diseases, 20(2), 315-

318.  

Cheng, H. S., & Shieh, Y. H. (2000). Investigation on subclinical aspects related to intestinal parasitic 

infections among Thai laborers in Taipei. Journal of Travel Medicine, 7(6), 319-324. doi:10 

Chi, C.-Y., Lai, C.-H., Fung, C.-P., & Wang, J.-H. (2005). Pseudomonas mendocina spondylodiscitis: 

a case report and literature review. Scandinavian Journal of Infectious Diseases, 37(11-12), 

950-953.  

Chiang, S.-R., & Chuang, Y.-C. (2003). Vibrio vulnificus infection: clinical manifestations, 

pathogenesis, and antimicrobial therapy. Journal of Microbiology, Immunology and Infection, 

36(2), 81-88.  



330 
 

Chichino, G., Bernuzzi, A. M., Bruno, A., Cevini, C., Atzori, C., Malfitano, A., et al. (1992). 

Intestinal capillariasis (Capillaria philippinensis) acquired in Indonesia: A case report. 

American Journal of Tropical Medicine and Hygiene, 47(1), 10-12.  

Chikamori, F., Kuniyoshi, N., & Takase, Y. (2004). Intussusception due to intestinal anisakiasis: A 

case report. Abdominal Imaging, 29(1), 39-41.  

Ching, H. L. (1984). Fish tapeworm infections (diphyllobothriasis) in Canada, particularly British 

Columbia. Canadian Medical Association Journal, 130(9), 1125.  

Chitwood, M. B., Valesquez, C., & Salazar, N. G. (1968). Capillaria philippinensis sp. n. (Nematoda: 

Trichinellida), from the intestine of man in the Philippines. Journal of Parasitology, 54(2), 

368-371.  

Chiu, L. Q., & Wang, W. (2013). A case of unusual Gram-negative bacilli septic arthritis in an 

immunocompetent patient. Singapore Medical Journal, 54(8), e164-168.  

Choi, H.-J., Lee, J., & Yang, H.-J. (2012). Four human cases of Diphyllobothrium latum infection. 

Korean Journal of Parasitology, 50(2), 143-146.  

Choi, S.-J., Lee, J.-C., Kim, M.-J., Hur, G.-Y., Shin, S.-Y., & Park, H.-S. (2009). The clinical 

characteristics of Anisakis allergy in Korea. The Korean Journal of Internal Medicine, 24(2), 

160.  

Chopra, A. K., Houston, C. W., Peterson, J. W., & Jin, G.-F. (1993). Cloning, expression, and 

sequence analysis of a cytolytic enterotoxin gene from Aeromonas hydrophila. Canadian 

Journal of Microbiology, 39(5), 513-523.  

Chou, H.-F., Yen, C.-M., Liang, W.-C., & Jong, Y.-J. (2006). Diphyllobothriasis latum: The first 

child case report in Taiwan. Kaohsiung Journal of Medical Sciences, 22(7), 346-351.  

Chowdhury, A. J., Saha, D., Hossain, M. B., Shamsuddin, M., & Minar, M. H. (2012a). Chemicals 

used in freshwater aquaculture with special emphasis to fish health management of Noakhali, 

Bangladesh. African Journal of Basic & Applied Sciences, 4(4), 110-114.  

Chowdhury, G., Pazhani, G. P., Dutta, D., Guin, S., Dutta, S., Ghosh, S., et al. (2012b). Vibrio 

fluvialis in patients with diarrhea, Kolkata, India. Emerging Infectious Diseases, 18(11), 1868.  

Chugunova, J. K., Ronzhinab, T. Y., & Syromyatnikovc, A. A. (2020). The Contribution of Perch 

(Perca fluviatilis L. 1758) to Maintaining the Diphyllobothriasis focus in the Krasnoyarsk 

reservoir and the Yenisei river. Journal of Siberian Federal University. Biology, 13(3), 297-

309.  

CIE. (2017). Australian trade liberalisation: Analysis of the economic impacts prepared for 

Australian Department of Foreign Affairs and Trade Centre for International Economics 

Canberra, ACT: pp 1-32 

Cipriani, P., Acerra, V., Bellisario, B., Sbaraglia, G. L., Cheleschi, R., Nascetti, G., et al. (2016). 

Larval migration of the zoonotic parasite Anisakis pegreffii (Nematoda: Anisakidae) in 



331 
 

European anchovy, Engraulis encrasicolus: Implications to seafood safety. Food Control, 59, 

148-157.  

Cipria�Q�L�����3�������6�E�D�U�D�J�O�L�D�����*�����/�������3�D�O�R�P�E�D�����0�������*�L�X�O�L�H�W�W�L�����/�������%�H�O�O�L�V�D�U�L�R�����%�������%�X�ã�H�O�L�ü�����,�������H�W���D�O��������������������

Anisakis pegreffii (Nematoda: Anisakidae) in European anchovy Engraulis encrasicolus from 

the Mediterranean Sea: Fishing ground as a predictor of parasite distribution. Fisheries 

Research, 202, 59-68.  

Claesson, B. A., Ulleryd, P., Woxenius, S., & Chaicumpa, W. (2004). Eosinophilic meningitis due to 

Gnathostoma spinigerum in a Thai immigrant in Sweden. Southeast Asian Journal of 

Tropical Medicine and Public Health, 35, 104-106.  

Clark, R., Spector, H., Friedman, D., Oldrati, K., Young, C., & Nelson, S. (1990). Osteomyelitis and 

synovitis produced by Mycobacterium marinum in a fisherman. Journal of Clinical 

Microbiology, 28(11), 2570-2572.  

Clavel, A., Delgado, B., Sanchez-Acedo, C., Carbonell, E., & Castillo, J. (1993). A live Anisakis 

physeteris larva found in the abdominal cavity of a woman in Zaragoza, Spain. Kiseichugaku 

Zasshi, 42(5), 445-448.  

Clifford, M. N., Walker, R., Wright, J., Hardy, R., & Murray, C. K. (1989). Studies with volunteers 

on the role of histamine in suspected scombrotoxicosis. Journal of the Science of Food and 

Agriculture, 47(3), 365-375.  

Codex. (1999). Guidelines for the sensory evaluation of fish and shellfish in laboratories. In Codex 

International Food Safety Standards (Vol. CXG 31-1999 pp. 1-32). Geneva, Switzerland: 

Codex Alimentarius and the Food and Agriculture Organisation of the United Nations and 

World Health Organisation. 

Codex. (2017a). Standard for fish oils. In Codex International Food Safety Standards (Vol. CXS 329-

2017 (Updated 2017), pp. 1-6). Geneva, Switzerland: Codex Alimentarius and the Food and 

Agriculture Organisation of the United Nations and World Health Organisation. 

Codex. (2017b). Standard for quick frozen blocks of fish fillets, minced fish flesh and mixtures of 

fillets and minced fish flesh. In Codex International Food Safety Standards (Vol. CXS 165-

1989 (Updated 2017), pp. 1-9). Geneva, Switzerland: Codex Alimentarius and the Food and 

Agriculture Organisation of the United Nations and World Health Organisation. 

Codex. (2017c). Standard for quick frozen fillet. In Codex International Food Safety Standards (Vol. 

CXS191-1995 (Updated 2017), pp. 1-6). Geneva, Switzerland: Codex Alimentarius and the 

Food and Agriculture Organisation of the United Nations and World Health Organisation. 

Codex. (2018a). Standard for canned tuna and bonito. In Codex International Food Safety Standards 

(Vol. CXS 70-1981 (last updated 2018), pp. 1-7). Geneva, Switzerland: Codex Alimentarius 

and the Food and Agriculture Organisation of the United Nations and World Health 

Organisation. 



332 
 

Codex. (2018b). Standard for salted Atlantic herring and salted sprat. In Codex International Food 

Safety Standards (Vol. CXS 244-2004 (Updated 2018), pp. 1-8). Geneva, Switzerland: Codex 

Alimentarius and the Food and Agriculture Organisation of the United Nations and World 

Health Organisation. 

Codex. (2018c). Standard for smoked flavoured and smoked dried fish. In Codex International Food 

Safety Standards (Vol. CXS311-2013 (Updated 2018), pp. 1-10). Geneva, Switzerland: 

Codex Alimentarius and the Food and Agriculture Organisation of the United Nations and 

World Health Organisation. 

Codex. (2020a). Code of practice for fish and fishery products. In Codex International Food Safety 

Standards (Vol. CXC 52-2003 (Updated 2020), pp. 1-372). Geneva, Switzerland Codex 

Alimentarius and the Food and Agriculture Organisation of the United Nations and World 

Health Organisation. 

Codex. (2020b). Codex food safety standards. In Code of Practice for Fish and Fishery Products 

(Vol. CXC 52-2003 (previously CAC/RCP 52-2003), pp. 1-268). Geneva, Switzerland: Food 

and Agriculture Organisation of the United Nations and World Health Organisation  

Codex. (2020c). General principles of food hygiene. In Codex International Food Safety Standards 

(Vol. CXC 1-1969 (Updated 2020), pp. 1-35). Geneva, Switzerland: Codex Alimentarius and 

the Food and Agriculture Organisation of the United Nations and World Health Organisation. 

Coenye, T., Goris, J., Spilker, T., Vandamme, P., & LiPuma, J. J. (2002). Characterization of unusual 

bacteria isolated from respiratory secretions of cystic fibrosis patients and description of 

Inquilinus limosus gen. nov., sp. nov. Journal of Clinical Microbiology, 40(6), 2062-2069.  

Cohen, N. J., Deeds, J. R., Wong, E. S., Hanner, R. H., Yancy, H. F., White, K. D., et al. (2009). 

Public health response to puffer fish (Tetrodotoxin) poisoning from mislabeled product. 

Journal of Food Protection, 72(4), 810-817.  

Cole, R. A., Choudhury, A., Nico, L. G., & Griffin, K. M. (2014). Gnathostoma spp. in live Asian 

swamp eels (Monopterus spp.) from food markets and wild populations, United States. 

Emerging Infectious Diseases, 20(4), 634-642.  

Collins, C., Nuno, A., Benaragama, A., Broderick, A., Wijesundara, I., Wijetunge, D., et al. (2021). 

Ocean-scale footprint of a highly mobile fishing fleet: Social-ecological drivers of fleet 

behaviour and evidence of illegal fishing. People and Nature, 3(3), 740-755.  

Colorni, A., Diamant, A., Eldar, A., Kvitt, H., & Zlotkin, A. (2002). Streptococcus iniae infections in 

Red Sea cage-cultured and wild fishes. Diseases of Aquatic Organisms, 49(3), 165-170.  

Colosimo, M., Galati, M. C., Riccelli, U., Tiburzi, S. P., Galea, E., Alcaro, T., et al. (2021). 

Aeromonas sobria induced sepsis complicated with necrotizing fasciitis in a child with acute 

lymphoblastic leukemia. Reports, 4(2), 1-9.  



333 
 

Colussi, S., Pastorino, P., Mugetti, D., Antuofermo, E., Sciuto, S., Esposito, G., et al. (2022). isolation 

and genetic characterization of streptococcus iniae virulence factors in Adriatic sturgeon 

(Acipenser naccarii). Microorganisms, 10(5), 883.  

Corriere, M., Soliño, L., & Costa, P. R. (2021). Effects of the marine biotoxins okadaic acid and 

dinophysistoxins on fish. Journal of Marine Science and Engineering, 9(3), 293.  

Couso-Pérez, S., Ares-Mazás, E., & Gómez-Couso, H. (2019). First report of Cryptosporidium 

molnari-like genotype and Cryptosporidium parvum zoonotic subtypes (IIaA15G2R1 And 

IIaA18G3R1) in Brown Trout (Salmo trutta). Journal of Parasitology, 105(1), 170-179.  

Couso-Pérez, S., Ares-Mazás, E., & Gómez-Couso, H. (2022). A review of the current status of 

Cryptosporidium in fish. Parasitology, 149(4), 444-456.  

Couture, C., Measures, L., Gagnon, J., & Desbiens, C. (2003). Human intestinal anisakiosis due to 

consumption of raw salmon. American Journal of Surgical Pathology, 27(8), 1167-1172.  

Creek, T. L., Kim, A., Lu, L., Bowen, A., Masunge, J., Arvelo, W., et al. (2010). Hospitalization and 

mortality among primarily nonbreastfed children during a large outbreak of diarrhea and 

malnutrition in Botswana, 2006. JAIDS Journal of Acquired Immune Deficiency Syndromes, 

53(1), 14-19.  

Croak, A., Abate, G., Goodrum, K., & Modrzakowski, M. (2003). Predominance of serotype V and 

frequency of erythromycin resistance in Streptococcus agalactiae in Ohio. American Journal 

of Obstetrics and Gynecology, 188(5), 1148-1150.  

Cross, J. H. (1992). Intestinal capillariasis. Clinical Microbiology Reviews, 5(2), 120.  

Cross, J. H., Banzon, T., Clarke, M. D., Basaca-Servilla, V., Watten, R., & Dizon, J.-J. (1972). 

Studies on the experimental transmission of Capillaria philippinensis in monkeys. 

Transactions of the Royal Society of Tropical Medicine and Hygiene, 66(6), 819-827.  

Cross, J. H., Banzon, T., & Singson, C. (1978). Further studies on Capillaria philippinensis: 

Development of the parasite in the Mongolian gerbil. Journal of Parasitology, 64(2), 208-

213.  

CSIRO. (2020). �$�X�V�W�U�D�O�L�D�¶�V���E�L�R�V�H�F�X�U�L�W�\���I�X�W�X�U�H�����8�Q�O�R�F�N�L�Q�J���W�K�H���Q�H�[�W���G�H�F�D�G�H���R�I���U�H�V�L�O�L�H�Q�F�H�������������±2030) 

Commonwealth Scientific and Industrial Research in collaboartion with Animal Health 

Australia, Plant Health Australia and Centre for Invasive Species Solution Canberra, ACT: pp 

1-48 

Culot, A., Grosset, N., & Gautier, M. (2019). Overcoming the challenges of phage therapy for 

industrial aquaculture: A review. Aquaculture, 513, 734423.  

D'Aoust, J.-Y., Sewell, A., Daley, E., & Greco, P. (1992). Antibiotic resistance of agricultural and 

foodborne Salmonella isolates in Canada: 1986�±1989. Journal of Food Protection, 55(6), 

428-434.  



334 
 

�G�¶�$�U�P�H�Q�J�R�O�����/�������&�D�V�W�L�O�O�R�����0�����3�������5�X�L�]-Mallén, I., & Corbera, E. (2018). A systematic review of co-

managed small-scale fisheries: social diversity and adaptive management improve outcomes. 

Global Environmental Change, 52, 212-225.  

�'�¶�&�R�V�W�D�����9�����0�������.�L�Q�J�����&�����(�������.�D�O�D�Q�����/�������0�R�U�D�U�����0�������6�X�Q�J�����:�����:�������6�F�K�Z�D�U�]�����&�������H�W���D�O��������������������

Antibiotic resistance is ancient. Nature, 477(7365), 457-461.  

da Silva, S. F., & de Oliveira Lima, M. (2020). Mercury in fish marketed in the Amazon triple frontier 

and health risk assessment. Chemosphere, 248, 1-12.  

Dalle, F., Roz, P., Dautin, G., Di-Palma, M., Kohli, E., Sire-Bidault, C., et al. (2003). Molecular 

characterization of isolates of waterborne Cryptosporidium spp. collected during an outbreak 

of gastroenteritis in South Burgundy, France. Journal of Clinical Microbiology, 41(6), 2690-

2693.  

Dani, C., Mota, K. F., Sanchotene, P. V., Maceira, J. P., & Maia, C. P. A. (2009). Gnathostomiasis in 

Brazil: case report. Anais Brasileiros de Dermatologia, 84(4), 400.  

Daniels, N. A., MacKinnon, L., Bishop, R., Altekruse, S., Ray, B., Hammond, R. M., et al. (2000). 

Vibrio parahaemolyticus infections in the United States, 1973�±1998. The Journal of 

Infectious Diseases, 181(5), 1661-1666.  

Davey, J. T. (1972). The incidence of Anisakis sp. larvae (Nematoda: Ascaridata) in the commercially 

exploited stocks of herring (Clupea harengus L., 1758,)(Pisces: Clupeidae) in British and 

adjacent waters. Journal of Fish Biology, 4(4), 535-554.  

Davidovich, N., Tedesco, P., Caffara, M., Yasur-Landau, D., Gustinelli, A., Drabkin, V., et al. (2022). 

Morphological description and molecular characterization of Contracaecum larvae 

(Nematoda: Anisakidae) parasitizing market-size hybrid tilapia (Oreochromis aureus x 

Oreochromis niloticus) and red drum (Sciaenops ocellatus) farmed in Israel. Food and 

Waterborne Parasitology, 26, e00147.  

de Aguiar, E. L., Mariano, D. C. B., Viana, M. V. C., Benevides, L. d. J., de Souza Rocha, F., de 

Castro Oliveira, L., et al. (2016). Complete genome sequence of Streptococcus agalactiae 

strain GBS85147 serotype of type Ia isolated from human oropharynx. Standards in Genomic 

Sciences, 11(1), 39.  

De Marval, F., Gottstein, B., Weber, M., & Wicht, B. (2013). Imported diphyllobothriasis in 

Switzerland: molecular methods to define a clinical case of Diphyllobothrium infection as 

Diphyllobothrium dendriticum. Eurosurveillance, 18(3), 20355.  

de Souza Hack, F. T., Alves, G. S., Teixeira, K. W., Nasralla, F. D., & Picoli, S. U. (2021). 

Dibothriocephalus latus: a case report in Southern Brazil. Brazilian Journal of Development, 

7(1), 6468-6475.  

De Vizcaya-Ruiz, A., Barbier, O., Ruiz-Ramos, R., & Cebrian, M. E. (2009). Biomarkers of oxidative 

stress and damage in human populations exposed to arsenic. Mutation Research/Genetic 

Toxicology and Environmental Mutagenesis, 674(1-2), 85-92.  



335 
 

Deardorff, T. L., & Kent, M. L. (1989). Prevalence of larval Anisakis simplex in pen-reared and wild-

caught salmon (Salmonidae) from Puget Sound, Washington. Journal of Wildlife Diseases, 

25(3), 416-419.  

Decruyenaere, P., Van de Maele, B., Hulstaert, E., Van Vlierberghe, H., Decruyenaere, J., & Lapeere, 

H. (2022). IgE-mediated gastroallergic anisakiasis with eosinophilic oesophagitis: a case 

report. Acta Clinica Belgica, 77(2), 396-399.  

Defoirdt, T., Sorgeloos, P., & Bossier, P. (2011). Alternatives to antibiotics for the control of bacterial 

disease in aquaculture. Current Opinion in Microbiology, 14(3), 251-258.  

Del Giudice, P., Dellamonica, P., Durant, J., Rahelinrina, V., Grobusch, M. P., Janitschke, K., et al. 

(2001). A case of gnathostomiasis in a European traveller returning from Mexico. British 

Journal of Dermatology, 145(3), 487-489.  

Demarta, A., Küpfer, M., Riegel, P., Harf-Monteil, C., Tonolla, M., Peduzzi, R., et al. (2008). 

Aeromonas tecta sp. nov., isolated from clinical and environmental sources. Systematic and 

Applied Microbiology, 31(4), 278-286.  

Demarta, A., Tonolla, M., Caminada, A., Beretta, M., & Peduzzi, R. (2000). Epidemiological 

relationships between Aeromonas strains isolated from symptomatic children and household 

environments as determined by ribotyping. European Journal of Epidemiology, 16(5), 447-

453.  

Dep. Health. Ageing. (2019). Health assessment for refugees and other humanitarian entrants into 

Australia. Australian Government Department of Health. Retrieved from 

https://www1.health.gov.au/internet/main/publishing.nsf/Content/mbsprimarycare_mbsitem_r

efugees_qanda 12/5/2019 

Dep. of Ag. (2015). Australia's seafood trade. In Department of Agriculture (Series Ed.), Vol. 2015. 

(pp. 1-24). Retrieved from 

http://www.agriculture.gov.au/SiteCollectionDocuments/fisheries/aus-seafood-trade.pdf 

21/7/2018  

Department of Agriculture Water and the Environment. (2021). Failing food reports Monthly reports. 

Australian Government. Retrieved from 

https://www.agriculture.gov.au/import/goods/food/inspection-compliance/failing-food-reports 

2/2/2021 

Desai, R. M., & Shambaugh, G. E. (2021). Measuring the global impact of destructive and illegal 

fishing on maritime piracy: A spatial analysis. PloS one, 16(2), e0246835.  

DeTolla, L. J., Srinivas, S., Whitaker, B. R., Andrews, C., Hecker, B., Kane, A. S., et al. (1995). 

Guidelines for the care and use of fish in research. Ilar Journal, 37(4), 159-173.  

Devi, C. S., Shashikala, Srinivasan, S., Murmu, U. C., Barman, P., & Kanungo, R. (2007). Case 

Report - A rare case of diphyllobothriasis from pondicherry, South India. Indian Journal of 

Medical Microbiology, 25(2).  



336 
 

Dhanapala, D., Ananda, K., Kalupahana, R., Kalupahana, A., Silva-Fletcher, A., & de S Jagoda, S. 

(2022). Occurrence of multi-drug resistant Pseudomonas species in freshwater ornamental 

fish and associated aquatic environment in Sri Lanka. Sri Lankan Journal of Infectious 

Diseases, 12(S4).  

Diaz Camacho, S. P., Zazueta Ramos, M., Ponce Torrecillas, E., Osuna Ramirez, I., Castro 

Velazquez, R., Flores Gaxiola, A., et al. (1998). Clinical manifestations and immunodiagnosis 

of gnathostomiasis in Culiacan, Mexico. The American Journal of Tropical Medicine and 

Hygiene, 59(6), 908.  

Dick, T. A., Nelson, P. A., & Choudhury, A. (2001). Diphyllobothriasis: update on human cases, foci, 

patterns and sources of human infections and future considerations. Southeast Asian Journal 

of Tropical Medicine and Public Health, 32 Suppl 2, 59-76.  

Dione, E. N., Diouf, M., Fall, J., & Bâ, C. T. (2014). Seasonal and spatial distribution of nematode 

larvae of the genera Anisakis and Contracaecum (Anisakidae) in two populations of Mugil 

cephalus (Mugilidae) from Saloum and Senegal rivers. Journal of Biology and Life Sciences, 

5(1), 41.  

Dominguez-Ortega, J., Alonso-Llamazares, A., Rodriguez, L., Chamorro, M., Robledo, T., 

Bartolome, J. M., et al. (2001). Anaphylaxis due to hypersensitivity to Anisakis simplex. 

International Archives of Allergy and Immunology, 125(1), 86-88.  

Dong, H. T., Nguyen, V. V., Le, H. D., Sangsuriya, P., Jitrakorn, S., Saksmerprome, V., et al. (2015). 

Naturally concurrent infections of bacterial and viral pathogens in disease outbreaks in 

cultured Nile tilapia (Oreochromis niloticus) farms. Aquaculture, 448, 427-435.  

Dong, H. T., Techatanakitarnan, C., Jindakittikul, P., Thaiprayoon, A., Taengphu, S., Charoensapsri, 

W., et al. (2017). Aeromonas jandaei and Aeromonas veronii caused disease and mortality in 

Nile tilapia, Oreochromis niloticus (L.). Journal of Fish Diseases, 40(10), 1395-1403.  

Doo, H. (2017). Sashimi grade barramund. Humpty Doo Barramundi. Retrieved from 

https://www.humptydoobarramundi.com.au/ 7/7/2017 

Dorny, P., Praet, N., Deckers, N., & Gabriel, S. (2009). Emerging food-borne parasites. Veterinary 

Parasitology, 163(3), 196-206.  

Dronda, F., Chaves, F., Sanz, A., & Lopezvelez, R. (1993). Human intestinal capillariasis in an area 

of nonendemicity - Case-report and review. Clinical Infectious Diseases, 17, 909-912.  

Dürst, U. N., Bruder, E., Egloff, L., Wüst, J., Schneider, J., & Hirzel, H. O. (1991). Micrococcus 

luteus: a rare pathogen of valve prosthesis endocarditis. Zeitschrift fur Kardiologie, 80(4), 

294-298.  

Edberg, S. C., Browne, F. A., & Allen, M. J. (2007). Issues for microbial regulation: Aeromonas as a 

model. Critical Reviews in Microbiology, 33(1), 89-100.  



337 
 

Eddyani, M., Ofori-Adjei, D., Teugels, G., De Weirdt, D., Boakye, D., Meyers, W. M., et al. (2004). 

Potential role for fish in transmission of Mycobacterium ulcerans disease (Buruli ulcer): an 

environmental study. Applied and Environmental Microbiology, 70(9), 5679-5681.  

Eickhoff, T. C., Klein, J. O., Daly, A. K., Ingall, D., & Finland, M. (1964). Neonatal sepsis and other 

infections due to group B beta-hemolytic streptococci. New England Journal of Medicine, 

271(24), 1221-1228.  

�(�L�Q�D�U�V�V�R�Q�����(�������0�D�¶�D�\�H�K�����6�������	���6�Y�l�U�G�����6�����*����(2016). An up-date on Giardia and giardiasis. Current 

Opinion in Microbiology, 34, 47-52.  

Eiras, J. C., Pavanelli, G. C., Takemoto, R. M., & Nawa, Y. (2018). An overview of fish-borne 

Nematodiases among returned travelers for recent 25 Years- Unexpected diseases sometimes 

far away from the origin. Korean Journal of Parasitology, 56(3), 215-227.  

Eiras, J. C., Pavanelli, G. C., Takemoto, R. M., Yamaguchi, M. U., Karkling, L. C., & Nawa, Y. 

(2016). Potential risk of fish-borne nematode infections in humans in Brazil�±current status 

based on a literature review. Food and Waterborne Parasitology, 5, 1-6.  

Eiras, J. d. C. (2016). Parasites of marine, freshwater and farmed fishes of Portugal: a review. Revista 

Brasileira de Parasitologia Veterinária, 25, 259-278.  

El-Askary, H. M., Nahnoush, R. K., Elmallawany, M. A., & Badr, M. S. (2022). Molecular detection 

of Toxoplasma gondii in some types of fishes caught from the river Nile canals. Journal of the 

Egyptian Society of Parasitology, 52(1), 21-28.  

El-Dib, N., El-Badry, A. A., Ta-Tang, T., & Rubio, J. (2015). Molecular detection of Capillaria 

philippinensis: An emerging zoonosis in Egypt. Experimental Parasitology, 154, 127-133.  

El-Karaksy, H., El-Shabrawi, M., Mohsen, N., Kotb, M., El-Koofy, N., & El-Deeb, N. (2004). 

Capillaria philippinensis : A cause of fatal diarrhea in one of two infected Egyptian sisters. 

Journal of Tropical Pediatrics, 50(1), 57-60.  

El Hassan, E. H., & Mikhail, W. E. (1992). Malabsorption due to Capillaria philippinensis in an 

Egyptian woman living in Dubai, United Arab Emirates. Transactions of the Royal Society of 

Tropical Medicine and Hygiene, 86(1), 79-79.  

Eldar, A., Bejerano, Y., Livoff, A., Horovitcz, A., & Bercovier, H. (1995a). Experimental 

streptococcal meningo-encephalitis in cultured fish. Veterinary Microbiology, 43(1), 33-40.  

Eldar, A., Frelier, P. F., Assenta, L., Varner, P. W., Lawhon, S., & Bercovier, H. (1995b). 

Streptococcus shiloi, the name for an agent causing septicemic infection in fish, is a junior 

synonym of Streptococcus iniae. International Journal of Systematic and Evolutionary 

Microbiology, 45(4), 840-842.  

Elmahdi, S., Parveen, S., Ossai, S., DaSilva, L. V., Jahncke, M., Bowers, J., et al. (2018). Vibrio 

parahaemolyticus and Vibrio vulnificus recovered from oysters during an oyster relay study. 

Applied and Environmental Microbiology, 84(3), e01790-01717.  



338 
 

Elsisy, A., & Elzanatey, S. (2019). Incidence of Salmonella spp. in animal derived-protein in Egypt. 

Benha Veterinary Medical Journal, 36(2), 199-209.  

Elwafai, N. A., El-Zamik, F. I., Mahgoub, S., & Atia, A. (2020). Isolation of Aeromonas 

bacteriophage AvF07 from fish and its application for biological control of multidrug 

resistant local Aeromonas veronii AFs2. Zagazig Journal of Agricultural Research, 47(1), 

179-197.  

Elwin, K., Hadfield, S. J., Robinson, G., Crouch, N. D., & Chalmers, R. M. (2012). Cryptosporidium 

viatorum n. sp. (Apicomplexa: Cryptosporidiidae) among travellers returning to Great Britain 

from the Indian subcontinent, 2007�±2011. International Journal for Parasitology, 42(7), 675-

682.  

Elzi, L., Decker, M., Battegay, M., Rutishauser, J., & Blum, J. (2004). Chest pain after travel to the 

tropics. The Lancet, 363(9416), 1198-1198.  

Erfanmanesh, A., Soltani, M., Pirali, E., Mohammadian, S., & Taherimirghaed, A. (2012). Genetic 

characterization of Streptococcus iniae in diseased farmed rainbow trout (Onchorhynchus 

mykiss) in Iran. The Scientific World Journal, 2012(594073), 1-7.  

Esteban, J., Muñoz-Antoli, C., Borras, M., Colomina, J., & Toledo, R. (2014). Human infection by a 

�³�I�L�V�K���W�D�S�H�Z�R�U�P�´����Diphyllobothrium latum, in a non-endemic country. Infection, 42(1), 191-

194.  

Etuaful, S., Carbonnelle, B., Grosset, J., Lucas, S., Horsfield, C., Phillips, R., et al. (2005). Efficacy of 

the combination rifampin-streptomycin in preventing growth of Mycobacterium ulcerans in 

early lesions of Buruli ulcer in humans. Antimicrobial Agents and Chemotherapy, 49(8), 

3182-3186.  

Evans, J. J., Klesius, P. H., Gilbert, P. M., Shoemaker, C. A., Al Sarawi, M. A., Landsberg, J., et al. 

�����������������&�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���R�I����-haemolytic Group B Streptococcus agalactiae in cultured 

seabream, Sparus auratus L., and wild mullet, Liza klunzingeri (Day), in Kuwait. Journal of 

Fish Diseases, 25(9), 505-513.  

Facklam, R., Elliott, J., Shewmaker, L., & Reingold, A. (2005). Identification and Characterization of 

Sporadic Isolates of Streptococcus iniae Isolated from Humans. Journal of Clinical 

Microbiology, 43(2), 933-937.  

Falcão, H., Lunet, N., Neves, E., Iglésias, I., & Barros, H. (2008). Anisakis simplex as a risk factor for 

relapsing acute urticaria: a case�±control study. Journal of Epidemiology and Community 

Health, 62(7), 634-637.  

Fan, P. (1998). Viability of metacercariae of Clonorchis sinensis in frozen or salted freshwater fish. 

International Journal for Parasitology, 28(4), 603-605.  

Fan, Z., Huang, Y., Qian, S., Lv, G., Chen, Y., Yang, B., et al. (2012). Serious diarrhea with weight 

loss caused by Capillaria philippinensis acquired in China: A case report. BMC Research 

Notes, 5(1), 554.  



339 
 

Fang, J., Shen, Y., Qu, D., & Han, J. (2019). Antimicrobial resistance profiles and characteristics of 

integrons in Escherichia coli strains isolated from a large-scale centralized swine 

slaughterhouse and its downstream markets in Zhejiang, China. Food Control, 95, 215-222.  

FAO. (1951 (into effect 3 April 1952)). International Plant Protection Convention, resolution No. 

85/51., Rome, Italy. 

FAO. (1982). Director-General's report on world food security: a reappraisal of the concepts and 

approaches  Food and Agriculture Organisation of the United Nations Rome, Italy: pp 1-30 

FAO. (1996). Report of the World Food Summit Food and Agriculture Organisation of the United 

Nations Rome, Italy: pp 1-1 (online) 

FAO. (2005). Voluntary guidelines to support the progressive realization of the right to adequate food 

in the context of national food security Food and Agriculture Organization of the United 

Nations Rome, Italy: 4th June, 2018. pp 1-43 

FAO. (2010). Report of the FAO Workshop on the on-farm feeding and feed management in 

Aquaculture. Manila, the Philippines, 13-15 September 2010 Food and Agriculture 

Organisation of the United Nations Geneva, Switzerland: FIRA/R949 (En): 949. pp 1-46 

FAO of the UN. (2001). International plan of action to prevent, deter and eliminate illegal, 

unreported and unregulated fishing Food and Agriculture Organization of the United Nations, 

Rome, Italy: ISBN 978-92-5-104601-2. pp 1-33 

FAO/WHO. (2014). Multicriteria-based ranking for risk management of food-borne parasites Food 

and Agriculture Organisation of the United Nations and World Health Organisation Rome, 

Italy: pp 1-322 

Farooq, S., Farooq, R., & Nahvi, N. (2017). Comamonas testosteroni: Is it still a rare human 

pathogen. Case Reports in Gastroenterology, 11(1), 42-47.  

Farraye, F. A., Peppercorn, M. A., Ciano, P. S., & Kavesh, W. N. (1989). Segmental colitis associated 

with Aeromonas hydrophila. American Journal of Gastroenterology (Springer Nature), 84(4).  

Felizardo, N. N., Knoff, M., Pinto, R. M., & Gomes, D. C. (2009). Larval anisakid nematodes of the 

flounder, Paralichthys isosceles Jordan, 1890 (Pisces: Teleostei) from Brazil. Neotropical 

Helminthology, 3(2), 57-64.  

Fell, G., Hamouda, O., Lindner, R., Rehmet, S., Liesegang, A., Prager, R., et al. (2000). An outbreak 

of Salmonella blockley infections following smoked eel consumption in Germany. 

Epidemiology & Infection, 125(1), 9-12.  

Feng, C., Teuber, S., & Gershwin, M. E. (2016). Histamine (scombroid) fish poisoning: a 

comprehensive review. Clinical Reviews in Allergy & Immunology, 50(1), 64-69.  

Feng, Y., & Xiao, L. (2011). Zoonotic Potential and Molecular Epidemiology of Giardia Species and 

Giardiasis. Clinical Microbiology Reviews, 24(1), 110-140.  



340 
 

Fenner, B. J., Kumar, A., Tan, N. Y., & Ang, M. (2019). Case of isolated Rhizobium radiobacter 

contact lens-related infectious keratitis: A plant microbe now emerging as a human pathogen. 

American Journal of Ophthalmology Case Reports, 15, 100476.  

Ferdousi, K., & Faruk, M. A. R. (2016). Involvement of child labour in aquaculture activities in 

Mymensingh district, Bangladesh. Research in Agriculture Livestock and Fisheries, 3(3), 

433-442.  

Ferguson, H., St John, V., Roach, C., Willoughby, S., Parker, C., & Ryan, R. (2000). Caribbean reef 

fish mortality associated with Streptococcus iniae. Veterinary Record, 147(23), 662-664.  

Fernandes, A. R., Mortimer, D., Holmes, M., Rose, M., Zhihua, L., Huang, X., et al. (2018). 

Occurrence and spatial distribution of chemical contaminants in edible fish species collected 

from UK and proximate marine waters. Environment International, 114, 219-230.  

Fernández-Bravo, A., Vega-Sánchez, V., Pérez-Cataluña, A., Latif -Eugenín, F., Beaz-Hidalgo, R., 

Martínez-Murcia, A., et al. (2022). First record of the rare species Aeromonas lusitana from 

rainbow trout (Oncorhynchus mykiss, Walbaum): comparative analysis with the existing 

strains. Pathogens, 11(11), 1299.  

Festus, F. I., & Damilola, M. (2018). Occurrence, antibiotic susceptibility pattern and physiological 

studies of Pseudomonas species isolated from ready to eat foods in Ibadan, Oyo State, 

Nigeria. Journal of Applied Life Sciences International, 18(1), 1-9.  

Fewtrell, M. S., Abbott, R. A., Kennedy, K., Singhal, A., Morley, R., Caine, E., et al. (2004). 

Randomized, double-blind trial of long-chain polyunsaturated fatty acid supplementation with 

fish oil and borage oil in preterm infants. The Journal of Pediatrics, 144(4), 471-479.  

Flores Ribeiro, A., Bodilis, J., Alonso, L., Buquet, S., Feuilloley, M., Dupont, J.-P., et al. (2014). 

Occurrence of multi-antibiotic resistant Pseudomonas spp. in drinking water produced from 

karstic hydrosystems. Science of the Total Environment, 490, 370-378.  

Food Regulation. (2020-2021). Australia and New Zealand ministerial forum on food regulation 

communiqué Food regulation in Australia and New Zealand pp 1-2 

Forsberg, K. J., Reyes, A., Wang, B., Selleck, E. M., Sommer, M. O., & Dantas, G. (2012). The 

shared antibiotic resistome of soil bacteria and human pathogens. Science, 337(6098), 1107-

1111.  

Forssman, B., Mannes, T., Musto, J., Gottlieb, T., Robertson, G., Natoli, J. D., et al. (2007). Vibrio 

cholerae O1 El Tor cluster in Sydney linked to imported whitebait. Medical Journal of 

Australia, 187(6), 345-347.  

Fosse, T., Toga, B., Peloux, Y., Granthil, C., Bertrando, J., & Sethian, M. (1985). Meningitis due to 

Micrococcus luteus. Infection, 13(6), 280-281.  

Fouz, B., & Amaro, C. (2003). Isolation of a new serovar of Vibrio vulnificus pathogenic for eels 

cultured in freshwater farms. Aquaculture, 217(1-4), 677-682.  



341 
 

Fox, M., Mitchell, M., Dean, M., Elliott, C., & Campbell, K. (2018). The seafood supply chain from a 

fraudulent perspective. Food Security, 10(4), 939-963.  

Foxman, B., Gillespie, B., Manning, S., & Marrs, C. F. (2007). Risk factors for group B streptococcal 

colonization: potential for different transmission systems by capsular type. Annals of 

Epidemiology, 17(11), 854-862.  

Foysal, M., Momtaz, F., Kawser, A., Chaklader, M., Siddik, M., Lamichhane, B., et al. (2019). 

Microbiome patterns reveal the transmission of pathogenic bacteria in hilsa fish (Tenualosa 

ilisha) marketed for human consumption in Bangladesh. Journal of Applied Microbiology, 

126(6), 1879-1890.  

Francis-Floyd, R. (2011). Mycobacterial infections of fish United States Department of Agriculture, 

National Institute of Food and Agriculture and Southern Regional Aquaculture Center 

Publication USA: SRAC Publication No. 4706. pp 1-12 

FRDC. (2017a). Seafood import and export by commodity. from Fisheries Research and Development 

Corporation, 

https://app.powerbi.com/view?r=eyJrIjoiZTg2NTlhYmQtM2ZhMy00ZGUyLTkwMTktMDJ

hODE5MmUxNjQ2IiwidCI6Ijk3M2YzMGJjLTNlMWYtNGQwMC05NmEyLTVjZGM2NT

E5YjQxOCIsImMiOjEwfQ%3D%3D 22/7/2018 

FRDC. (2017b). Western Rock Lobster: Economic Contribution of the Western Rock Lobster 

Industry 2017. Retrieved from https://www.westernrocklobster.org/wp-

content/uploads/2017/12/38950-WRLC-Economic_Contribution_Report_WEB.pdf 

FRDC. (2018a). Australian fish names database. FRDC. Retrieved from www.fishnames.com.au 

10/10/2018 

FRDC. (2018b). Seafood safety fact sheets Safefish. Retrieved from 

https://www.safefish.com.au/Reports/Food-Safety-Fact-Sheets 

FRDC. (2019). Seafood Import and Export by Volume by Species. from Fisheries Research and 

Development Corporation https://www.frdc.com.au/en/services/seafood-trade-data/seafood-

import-and-export-by-volume-by-species 3/3/2020 

FRDC. (2020a). Australian Seafood Trade and Market Access. from Fisheries Research and 

Development Corporation https://www.frdc.com.au/australian-seafood-trade-and-market-

access 15/7/2021 

FRDC. (2020b). Seafood import and export by volume from The Fisheries Research and 

Development Corporation Retrieved from https://www.frdc.com.au/en/services/seafood-

production-and-trade-databases/seafood-import-and-export-by-volume 5/7/2020 

FRDC. (2020c). Seafood import and export by volume from Fisheries Research and Development 

Corporation.   https://www.frdc.com.au/en/services/seafood-production-and-trade-

databases/seafood-import-and-export-by-volume accessed 5 July 2021 



342 
 

Frean, J., & Mendelson, M. (2013). 'We don't see that in South Africa'. SAMJ South African Medical 

Journal, 103(9), 612.  

Frewer, L. J., & Miles, S. (2003). Temporal stability of the psychological determinants of trust: 

Implications for communication about food risks. Health, Risk & Society, 5(3), 259-271.  

Friel, S., Barosh, L. J., & Lawrence, M. (2014). Towards healthy and sustainable food consumption: 

an Australian case study. Public Health Nutrition, 17(5), 1156-1166.  

FRSC. (2020). Food Regulation Standing Committee About food regulation. FRSC. Retrieved from 

https://foodregulation.gov.au/internet/fr/publishing.nsf/Content/FRSC 22/7/2021 

FSANZ. (2005). Report on a Survey of Chemical Residues in Domestic and Imported Aquacultured 

Fish: Coordinated Food Survey Plan with participation by food regulatory agencies in all 

Australian States and Territories Food Standards Australia and New Zealand Kingston, ACT: 

pp 1-33 

FSANZ. (2008). Ongoing food label monitoring survey in Australia and New Zealand: Report on the 

Assessment of 2006 Labels for Key Mandatory Labelling Elements for Consistency against 

Labelling Provisions and Report by AsureQuality Australia Pty Ltd and FSANZ Food 

Standards Australia and New Zealand Canberra: pp 1-91 

FSANZ. (2018a). The Australian and New Zealand Food Standards Code. In Imported foods: 

Imported foods inspection scheme (Vol. 2018). Canberra: Food Standards Australia and New 

Zealand. 

FSANZ. (2018b). The Compendium of Microbiological Criteria for Food (2018). In (pp. 1-65). 

Canberra, ACT: Food Standards Australia and New Zealand. 

FSANZ. (2019). Advice on imported food. In Australian and New Zealand Food Standards Code 

(Vol. January, 2019, pp. 1). Canberra, ACT: Food Standards Australia and New Zealand. 

FSANZ. (2021a). Australia and New Zealand Food Standards Code. In Schedules (Vol. 2018). ACT, 

Australia & Wellington, NZ: Food Standards Australia and New Zealand. 

FSANZ. (2021b). FSANZ advice on imported food In Completed imported food risk statements (Vol. 

Last updated February 2021). ACT, Australia and Wellington, NZ: Food standards Australia 

and New Zealand. 

FSANZ. (In force 2020). Australia and New Zealand Food Standards Code. In Imported food risk 

statement Processed ready-to-eat finfish and Listeria monocytogenes (Vol. Standard 1.6.1, 

Schedule 27�² 4 ). Canberra, Australia: Aust. Gov. 

Fuentes-Valencia, M. A., Osornio-Esquivel, J. L., Martínez Palacios, C. A., Contreras-Ávila, J. L., 

Barriga-Tovar, E., la Mora, G. I.-d., et al. (2022). Bacterial and parasite co-infection in 

Mexican golden trout (Oncorhynchus chrysogaster) by Aeromonas bestiarum, Aeromonas 

sobria, Plesiomonas shigelloides and Ichthyobodo necator. BMC Veterinary Research, 18(1), 

137-148.  



343 
 

Fuentes, M. V., Madrid, E., Cuesta, C., Gimeno, C., Baquedano-Rodríguez, M., Soriano-Sánchez, I., 

et al. (2022). Anisakid nematodes and potential risk of human anisakiasis through the 

consumption of hake, Merluccius spp., sold fresh in spanish supermarkets. Pathogens, 11(6), 

1-14.  

Fujino, T., Okuno, Y., Nakada, D., Aoyama, A., Fukai, K., Mukai, T., et al. (1953). On the 

bacteriological examination of shirasu-food poisoning (Abstract only). Medical Journal of 

Osaka University, 4(2/3), 299-304.  

Fumarola, L., Monno, R., Ierardi, E., Rizzo, G., Giannelli, G., Lalle, M., et al. (2009). Anisakis 

pegreffi etiological agent of gastric infections in two Italian women. Foodborne Pathogens 

and Disease, 6(9), 1157-1159.  

Fund, W., & Alibert, C. (2007). WWF Mid-Term Review of the EU Common Fisheries Policy 

Brussels: World Wildlife Fund Brussels, Belgium: pp 1-89 

Fung, R., Manore, A. J. W., Harper, S. L., Sargeant, J. M., Shirley, J., Caughey, A., et al. (2021). 

Clams and potential foodborne Toxoplasma gondii in Nunavut, Canada. Zoonoses and Public 

Health, 68(3), 277-283.  

Gani, M., Rao, S., Miller, M., & Scoular, S. (2019). Pseudomonas mendocina bacteremia: A case 

study and review of literature. The American Journal of Case Reports, 20, 453-458.  

García Beltrán, J. M., & Esteban, M. Á. (2022). Nature-identical compounds as feed additives in 

aquaculture. Fish & Shellfish Immunology, 123, 409-416.  

Gautam, N. K., Misra, P. K., & Saxena, A. M. (2019). Four new species of the genus Pallisentis 

(Quadrigyridae, Van Cleave, 1920) from freshwater fish in Uttar Pradesh, India. Acta 

Parasitologica, 64(1), 71-85.  

Gazzonis, A. L., Cavallero, S., Zanzani, S. A., Olivieri, E., Malandra, R., Ranghieri, V., et al. (2017). 

Anisakis sp. and Hysterothylacium sp. larvae in anchovies (Engraulis encrasicolus) and chub 

mackerel (Scomber colias) in the Mediterranean Sea: Molecular identification and risk 

factors. Food Control, 80, 366-373.  

Geraldine, A. R., Rosidah, R., Herawati, H., & Bioshina, I. B. (2020). Isolation and identification of 

potential pathogenic bacteria in living carp (Cyprinus carpio Linnaeus, 1758) sold in 

supermarkets in Cimahi City, Java. World News of Natural Sciences, 32, 21-35.  

Ghoneim, N. H., Abdel-Moein, K. A., & Saeed, H. (2012). Fish as a possible reservoir for zoonotic 

Giardia duodenalis assemblages. Parasitology Research, 110(6), 2193-2196.  

Giangaspero, A., Cirillo, R., Lacasella, V., Lonigro, A., Marangi, M., Cavallo, P., et al. (2009). 

Giardia and Cryptosporidium in inflowing water and harvested shellfish in a Lagoon in 

Southern Italy. Parasitology International, 58(1), 12-17. doi:10.1016/j.parint.2008.07.003 

Giulietti, L., Mattiucci, S., Paoletti, M., Grevskott, D. H., Bao, M., Cipriani, P., et al. (2019). 

Morphological and molecular identification of a new Kudoa thyrsites isolate in Mediterranean 

silver scabbardfish Lepidopus caudatus. Diseases of Aquatic Organisms, 132(2), 125-134.  



344 
 

Givney, R. C. (2002). Illness associated with rudderfish/escolar in South Australia. Communicable 

Diseases Intelligence Quarterly Report, 26(3), 440-440.  

Go, Y. B., Lee, E. H., Cho, J., Choi, S., & Chai, J.-Y. (2015). Diphyllobothrium nihonkaiense 

infections in a family. The Korean Journal of Parasitology, 53(1), 109-112.  

Goldberg, M. E., & Blyth, M. (2020). Pseudomonas mendocina bacteremia in a hemodialysis patient 

with a central venous catheter. Cureus, 12(10), e10853.  

Golomazou, E., Malandrakis, E. E., Panagiotaki, P., & Karanis, P. (2021). Cryptosporidium in fish: 

Implications for aquaculture and beyond. Water Research, 201, 117357.  

Gomes, T. L., Quiazon, K. M. A., Kotake, M., Itoh, N., & Yoshinaga, T. (2020). Anisakis spp. in 

fishery products from Japanese waters: Updated insights on host prevalence and human 

infection risk factors. Parasitology International, 78, 102137.  

Gonçalves Pessoa, R. B., de Oliveira, W. F., Marques, D. S. C., dos Santos Correia, M. T., de 

Carvalho, E. V. M. M., & Coelho, L. C. B. B. (2019). The genus Aeromonas: A general 

approach. Microbial Pathogenesis, 130, 81-94.  

Gonzaga, V. E., Lescano, A. G., Huamán, A. A., Salmón-Mulanovich, G., & Blazes, D. L. (2009). 

Histamine levels in fish from markets in Lima, Peru. Journal of Food Protection, 72(5), 

1112-1115.  

González-Rodr�Õ�“guez, M. N., Sanz, J. J., Santos, J. A., Otero, A., & Garc�Õ�“a-López, M. L. (2002). 

Foodborne pathogenic bacteria in prepackaged fresh retail portions of farmed rainbow trout 

and salmon stored at 3 °C. International Journal of Food Microbiology, 76(1), 135-141.  

�*�R�Q�]�D�O�H�]�(�0�X�Q�R�]�����0�������5�R�G�U�L�J�X�H�]�(�0�D�K�L�O�O�R�����$�������	���0�R�Q�H�R�����,���������������������'�L�I�I�H�U�H�Q�W���7�K�����7�K�����U�H�V�S�R�Q�V�H�V���W�R��

Anisakis simplex are related to distinct clinical manifestations in sensitized patients. Parasite 

Immunology, 32(1), 67-73.  

�*�R�Q�]�i�O�H�]�(�6�H�U�U�D�Q�R�����&�������6�D�Q�W�R�V�����-�������*�D�U�F�t�D�(�/�y�S�H�]�����0�������	���2�W�H�U�R�����$������2002). Virulence markers in 

Aeromonas hydrophila and Aeromonas veronii biovar sobria isolates from freshwater fish and 

from a diarrhoea case. Journal of Applied Microbiology, 93(3), 414-419.  

Gopal, S., Otta, S. K., Kumar, S., Karunasagar, I., Nishibuchi, M., & Karunasagar, I. (2005). The 

occurrence of Vibrio species in tropical shrimp culture environments; implications for food 

safety. International Journal of Food Microbiology, 102(2), 151-159.  

�*�R�U�G�R�Q�����/�������*�L�U�D�X�G�����(�������*�D�Q�L�q�U�H�����-�����3�������$�U�P�D�Q�G�����)�������%�R�X�M�X�(�$�O�E�H�U�W�����$�������'�H���/�D���&�R�W�W�H�����1�������H�W���D�O��������������������

Antimicrobial resistance survey in a river receiving effluents from freshwater fish farms. 

Journal of Applied Microbiology, 102(4), 1167-1176.  

Górgol�D�V�����0�������6�D�Q�W�R�V�(�2�
���&�R�Q�Q�R�U�����)�������*�i�U�D�W�H�����7�������*�X�D�U�F�K���7�U�R�\�D�V�����5�����0�������8�Q�]�~�����$�����/�������*�U�R�E�X�V�F�K�����0�����3��, 

et al. (2003). Cutaneous and medullar gnathostomiasis in travelers to Mexico and Thailand. 

Journal of Travel Medicine, 10(6), 358-361.  



345 
 

Gormley, F. J., Rawal, N., & Little, C. L. (2012). Choose your menu wisely: cuisine-associated food-

poisoning risks in restaurants in England and Wales. Epidemiology and Infection, 140(6), 

997-1007.  

Gov., A. (2014). Australia's second national plan of action to prevent, deter and eliminate illegal, 

unreported and unregulated fishing. Australian Government Department of Agriculture. 

Canberra, ACT. 

Grabda, J., & Bier, J. W. (1988). Cultivation as an estimate for infectivity of larval Anisakis simplex 

from processed herring. Journal of Food Protection, 51(9), 734-736.  

Graczyk, T. K., Fayer, R., & Cranfield, M. R. (1996). Cryptosporidium parvum is not transmissible to 

fish, amphibians, or reptiles. The Journal of Parasitology, 82(5), 748-751.  

Granada, L., Sousa, N., Lopes, S., & Lemos, M. F. (2016). Is integrated multitrophic aquaculture the 

�V�R�O�X�W�L�R�Q���W�R���W�K�H���V�H�F�W�R�U�V�¶���P�D�M�R�U���F�K�D�O�O�H�Q�J�H�V�"�±a review. Reviews in Aquaculture, 8(3), 283-300.  

Green, J., Draper, A., & Dowler, E. (2003). Short cuts to safety: Risk and 'rules of thumb' in accounts 

of food choice. Health, Risk & Society, 5(1), 33-52.  

Greenough, N., & Gerry, D. (2021). First UK Case Report of a Patient with Pseudomonas mendocina 

Bacteraemia. Clinical Infection in Practice, In press, 100065.  

Greenpeace. (2014). Label my fish: Why accurate seafood labelling matters. Retrieved from 

https://www.marineconservation.org.au/data/14-115_OCN_LabelMyFish_Report_lr.pdf 

1/10/2018 

Gregory, J. (2002). Outbreaks of diarrhoea associated with butterfish in Victoria. Communicable 

Diseases Intelligence Quarterly Report, 26(3).  

Greigert, V., Brunet, J., Pfaff, A. W., Lemoine, J.-P., Candolfi, E., & Abou-Bacar, A. (2020). Locally 

acquired infection with Dibothriocephalus nihonkaiense (=Diphyllobothrium nihonkaiense) in 

France: the importance of molecular diagnosis. Parasitology Research, 119(2), 513-518.  

Grobusch, M. E., Bergmann, F., Teichmann, D., & Klein, E. (2000). Cutaneous gnathostomiasis in a 

woman from Bangladesh. International Journal of Infectious Diseases, 4(1), 51-54.  

Gu, Y., Li, G., Zhang, J., & Zhang, Y. (2012). Dioctophyme renale infection masquerading as a 

malignancy. Kidney International, 82(12), 1342-1342.  

Guardone, L., Tinacci, L., Armani, A., & Trevisani, M. (2022). Residues of veterinary drugs in fish 

and fish products: An analysis of RASFF data over the last 20 years. Food Control, 135, 

108780.  

Guerin, P. F., Marapendi, S., & Mc Grail, L. (1982). Epidemiologic Notes and Reports Intestinal 

Perforation Caused by Larval Eustrongylides - Maryland USA: 31. pp 383-389 

Gufe, C., Canaan Hodobo, T., Mbonjani, B., Majonga, O., Marumure, J., Musari, S., et al. (2019). 

Antimicrobial profiling of bacteria isolated from fish sold at informal market in Mufakose, 

Zimbabwe. International Journal of Microbiology, 2019, 8759636.  



346 
 

Guillén-Bueno, R., Gutiérrez-Ramos, R., Perteguer-Prieto, M. J., Olveira-Martin, A., Fernandez-

Blanco, I., Pozuelo-García, A., et al. (1999). Anti- Anisakis Antibodies in the clinical course 

�R�I���&�U�R�K�Q�¶�V���G�L�V�H�D�V�H����Digestion, 60(3), 268-273.  

Gundamaraju, R., & Vemuri, R. C. (2014). Opisthorchis viverrini (liver fluke) as the lot of baleful 

parasite of tropical region-A replete synopsis. Asian Pacific Journal of Tropical Disease, 

4(1), 61-66.  

Guo, A. J., Liu, K., Gong, W., Luo, X. N., Yan, H. B., Zhao, S. B., et al. (2012). Molecular 

identification of Diphyllobothrium latum and a brief review of diphyllobothriosis in China. 

Acta Parasitologica, 57(3), 293-296.  

Guo, Y., Gong, H., & Guo, X. (2015). Rhizosphere bacterial community of Typha angustifolia L. and 

water quality in a river wetland supplied with reclaimed water. Applied Microbiology and 

Biotechnology, 99(6), 2883-2893.  

Gupta, V., Kumar, A. C. R. S., Dhyani, A., & Chakravarty, S. (2019). Meningitis caused by 

Micrococcus luteus: case report and review of literature. International Journal of Medical 

Microbiology and Tropical Diseases, 5(1), 63-64.  

Gutierrez, Y., Cohen, M., & Machicao, C. (1989). Dioctophyme larva in the subcutaneous tissues of a 

woman in Ohio. The American Journal of Surgical Pathology, 13(9), 800-802.  

Hadi, N., Mahmoodi, Z., Emami, A., Malekzadegan, Y., & Valadbeygi, T. (2019). Isolation and 

molecular identification of Aeromonas wound infection in Iranian burn patients. Infectious 

Disorders-Drug Targets (Formerly Current Drug Targets-Infectious Disorders), 19(3), 269-

273.  

Haenen, O. L. M., Evans, J. J., & Berthe, F. (2013). Bacterial infections from aquatic species: 

Potential for and prevention of contact zoonoses. OIE Revue Scientifique et Technique, 32(2), 

497-507.  

Hafez, A.-E. E., Darwish, W. S., & Elbayomi, R. M. Prevalence, antibiogram and molecular 

characterization of Aeromonas hydrophila isolated from frozen fish marketed in Egypt. 

Slovenian Veterinary Research, 55(Supplementary 20), 445�±454.  

Hafsteinsson, H., & Rizvi, S. S. (1987). A review of the sealworm problem: biology, implications and 

solutions. Journal of Food Protection, 50(1), 70-84.  

Hale, D. C., Blumberg, L., & Frean, J. (2003). Case report: gnathostomiasis in two travelers to 

Zambia. American Journal of Tropical Medicine and Hygiene, 68(6), 707�±709.  

Halpern, M., & Izhaki, I. (2017). Fish as Hosts of Vibrio cholerae. Frontiers in Microbiology, 8(282), 

1-7.  

Handy, R. D., & Shaw, B. J. (2007). Toxic effects of nanoparticles and nanomaterials: Implications 

for public health, risk assessment and the public perception of nanotechnology. Health, Risk 

& Society, 9(2), 125-144.  



347 
 

Hanjani, A., Sadighian, A., Nikakhtar, B., & Arfaa, F. (1968). The first report of human infection with 

Dioctophyme renale in Iran. Transactions of the Royal Society of Tropical Medicine and 

Hygiene, 62(5), 647-648.  

Hao, Y., Bao, W., Jin, M., Li, Y., & Wang, F. (2016). Painless jaundice caused by Clonorchis sinensis 

infection: A case report. Korean Journal of Parasitology, 54(3), 323-327.  

Hara, H., Miyauchi, Y., Tahara, S., & Yamashita, H. (2014). Human laryngitis caused by 

Clinostomum complanatum. Nagoya Journal of Medical Science, 76(1-2), 181.  

Hariadi, N. I., Yeganeh, N., Bard, J. D., & Ching, N. (2011). Visual diagnosis: Stool passage of a 

white ribbonlike object in an adventurous eater. Pediatrics in Review, 32(8), e79-82.  

Hashish, E., Merwad, A., Elgaml, S., Amer, A., Kamal, H., Elsadek, A., et al. (2018). Mycobacterium 

marinum infection in fish and man: epidemiology, pathophysiology and management; a 

review. Veterinary Quarterly, 38(1), 35-46.  

Hauck, M., & Kroese, M. (2006). Fisheries compliance in South Africa: a decade of challenges and 

reform 1994�±2004. Marine Policy, 30(1), 74-83.  

Heffler, E., Sberna, M. E., Sichili, S., Intravaia, R., Nicolosi, G., Porto, M., et al. (2016). High 

prevalence of Anisakis simplex hypersensitivity and allergy in Sicily, Italy. Annals of Allergy, 

Asthma & Immunology, 116(2), 146-150.  

Heinitz, M. L., Ruble, R. D., Wagner, D. E., & Tatini, S. R. (2000). Incidence of Salmonella in fish 

and seafood. Journal of Food Protection, 63(5), 579-592.  

Hélène, M., Anne-Laure, M., & Estelle, J.-B. (2012). Atypical bacteria in the CF airways: diversity, 

clinical consequences, emergence and adaptation. Cystic fibrosis�±renewed hopes through 

research. Rijeka, Croatia: InTech, 225-252.  

Helland, I. B., Smith, L., Saarem, K., Saugstad, O. D., & Drevon, C. A. (2003). Maternal 

supplementation with very-long-chain n-3 fatty acids during pregnancy and lactation 

�D�X�J�P�H�Q�W�V���F�K�L�O�G�U�H�Q�¶�V���,�4���D�W�������\�H�D�U�V���R�I���D�J�H����Pediatrics, 111(1), e39-e44.  

Helmi, A. M., Mukti, A. T., Soegianto, A., Mahardika, K., Mastuti, I., Effendi, M. H., et al. (2020a). 

A review of bacterial zoonoses and antimicrobial resistant (AMR) on grouper fish 

(Epinepholus sp.). Systematic Reviews in Pharmacy, 11(9), 79-88.  

Helmi, A. M., Mukti, A. T., Soegianto, A., Mahardika, K., Mastuti, I., Effendi, M. H., et al. (2020b). 

A Review of Salmonella sp. in Tilapia fish (Oreochromis niloticus): Public Health 

Importance. Systematic Reviews in Pharmacy, 11(10), 819-826.  

Hem, S., Tarantola, A., Chheang, R., Nop, P., & Kerléguer, A. (2015). Premier cas de gnathostomose 

intra-oculaire à Gnathostoma spinigerum , diagnostiqué au Cambodge. Bulletin de la Société 

de Pathologie Exotique, 108(5), 312-315.  

Henry, G. W., & Lyle, J. M. (2003). National recreational and indigenous fishing survey Tasmanian 

Aquaculture & Fisheries Institute University of Tasmania Hobart, Tasmania: 48. pp 1-190 



348 
 

Herman, J., Wall, E., Van Tulleken, C., Godfrey-Faussett, P., Bailey, R., & Chiodini, P. (2009a). 

Emergence of gnathostomiasis in Botswana in British tourists. Emerging Infectious Diseases, 

15, 594-597.  

Herman, J. S., Wall, E. C., van Tulleken, C., Godfrey-Faussett, P., Bailey, R. L., & Chiodini, P. L. 

(2009b). Gnathostomiasis acquired by British tourists in Botswana. Emerging Infectious 

Diseases, 15(4), 594.  

Hernández-Orts, J. S., Aznar, F. J., Blasco-Costa, I., García, N. A., Víllora-Montero, M., Crespo, E. 

A., et al. (2013). Description, microhabitat selection and infection patterns of sealworm larvae 

(Pseudoterranova decipiens species complex, nematoda: ascaridoidea) in fishes from 

Patagonia, Argentina. Parasites & Vectors, 6(1), 1-15.  

Herrero, B., Vieites, J. M., & Espiñeira, M. (2011). Detection of anisakids in fish and seafood 

products by real-time PCR. Food Control, 22(6), 933-939.  

Hessen, E. M., & Zamzame, M. (2004). Myxobolus sp: a possible new opportunistic parasite in 

immunocompromized patients in Ismailia. Journal of the Egyptian Society of Parasitology, 

34(3), 925-930.  

Heuer, H., Schmitt, H., & Smalla, K. (2011). Antibiotic resistance gene spread due to manure 

application on agricultural fields. Current Opinion in Microbiology, 14(3), 236-243.  

Hibbeln, J. R., Davis, J. M., Steer, C., Emmett, P., Rogers, I., Williams, C., et al. (2007). Maternal 

seafood consumption in pregnancy and neurodevelopmental outcomes in childhood 

(ALSPAC study): an observational cohort study. The Lancet, 369(9561), 578-585.  

Hickman-Brenner, F., Fanning, G., Arduino, M., Brenner, D. J., & Farmer 3rd, J. (1988). Aeromonas 

schubertii, a new mannitol-negative species found in human clinical specimens. Journal of 

Clinical Microbiology, 26(8), 1561-1564.  

Higgins, R. M., Danilowicz, B. S., Balbuena, J. A., Daníelsdóttir, A. K., Geffen, A. J., Meijer, W. G., 

et al. (2010). Multi-disciplinary fingerprints reveal the harvest location of cod Gadus morhua 

in the northeast Atlantic. Marine Ecology Progress Series, 404, 197-206.  

Hiko, A., Tasisa, K., & Agga, G. E. (2018). Helminthiasis and gram negative enteric bacteria in 

freshwater fish from selected lakes of Haramaya District, Ethiopia. Fisheries and Aquaculture 

Journal, 9(2), 1-7.  

Hiramatsu, K., Kamiyamamoto, S., Ogino, H., Satomura, Y., Konishi, K., Miwa, A., et al. (2004). A 

case of acute gastric anisakiasis presenting with malignant tumor-like features: A large gastric 

vanishing tumor accompanied by local lymph node swelling. Digestive Diseases and 

Sciences, 49(6), 965-969.  

Hishamunda, N., Ridler, N. B., Bueno, P., & Yap, W. G. (2009). Commercial aquaculture in 

Southeast Asia: Some policy lessons. Food Policy, 34(1), 102-107.  

Hlady, W. G., & Klontz, K. C. (1996). The epidemiology of Vibrio infections in Florida, 1981�±1993. 

Journal of Infectious Diseases, 173(5), 1176-1183.  



349 
 

Hocking, A. D. (2003). Foodborne microorganisms of public health significance. Waterloo, N.S.W. : 

Australian Institute of Food Science and Technology Incorporated (AIFST Inc.). 1-742 

Hodal, K., Kelly, C., & Lawrence, F. (2014). Revealed: Asian slave labour producing prawns for 

supermarkets in US, UK. The Guardian. Retrieved from 

https://www.theguardian.com/global-development/2014/jun/10/supermarket-prawns-thailand-

produced-slave-labour 1/1/2020 

Hoel, S., Lerfall, J., & Jakobsen, A. N. (2022). Growth and spoilage potential of an Aeromonas 

salmonicida strain in refrigerated Atlantic cod (Gadus morhua) stored under various modified 

atmospheres. Foods, 11(18), 2757.  

Hoghooghi-Rad, N., Maraghi, S., & Narenj-Zadeh, A. (1987). Capillaria philippinensis infection in 

Khoozestan Province, Iran: Case report. American Journal of Tropical Medicine and 

Hygiene, 37(1), 135-137.  

Hong, S.-T., & Fang, Y. (2012). Clonorchis sinensis and clonorchiasis, an update. Parasitology 

International, 61(1), 17-24.  

Hong, S. T., Kim, Y. T., Choe, G., Min, Y. I., Cho, S. H., Kim, J. K., et al. (1994). Two cases of 

intestinal capillariasis in Korea. Korean Journal of Parasitology, 32(1), 43.  

Horner, W. (1997). Preservation of fish by curing (drying, salting and smoking). In Fish Processing 

Technology (pp. 32-73): Springer. 

Hoshino, C., & Narita, M. (2011). Anisakis simplex-induced anaphylaxis. Journal of Infection and 

Chemotherapy, 17(4), 544-546.  

Hossain, M., Rahman, M., Mondal, S., Shadat Mondal, A., & Chowdhury, M. (2011). Isolation of 

some emergent bacterial pathogens recovered from captured and culture fisheries in 

Bangladesh. Bangladesh Research Publication Journal, 6(1), 77-90.  

Hossain, M. J., Sun, D., McGarey, D. J., Wrenn, S., Alexander, L. M., Martino, M. E., et al. (2014). 

An Asian origin of virulent Aeromonas hydrophila responsible for disease epidemics in 

United States-farmed catfish. MBio, 5(3), e00848-00814.  

Hradecka, H., Karasova, D., & Rychlik, I. (2008). Characterization of Salmonella enterica serovar 

Typhimurium conjugative plasmids transferring resistance to antibiotics and their interaction 

with the virulence plasmid. Journal of Antimicrobial Chemotherapy, 62(5), 938-941.  

Hsueh, P.-R., Lin, C.-Y., Tang, H.-J., Lee, H.-C., Liu, J.-W., Liu, Y.-C., et al. (2004). Vibrio 

vulnificus in Taiwan. Emerging Infectious Diseases, 10(8), 1363.  

Hua, H. T., Bollet, C., Tercian, S., Drancourt, M., & Raoult, D. (2004). Aeromonas popoffii urinary 

tract infection. Journal of Clinical Microbiology, 42(11), 5427-5428.  

Huang, C.-R., Lien, C.-Y., Tsai, W.-C., Lai, W.-A., Hsu, C.-W., Tsai, N.-W., et al. (2018). The 

clinical characteristics of adult bacterial meningitis caused by non-Pseudomonas (Ps.) 

aeruginosa Pseudomonas species: A clinical comparison with Ps. aeruginosa meningitis. The 

Kaohsiung Journal of Medical Sciences, 34(1), 49-55.  



350 
 

Huicab-Pech, Z., MR, C.-C., & Lango-Reynoso, F. (2017). Pathogenic bacteria in Oreochromis 

niloticus var. stirling tilapia culture. Fisheries and Aquaculture Journal, 8(2), 1000197.  

Hussein, A. S. (2011). Cryptosporidium parvum causes gastroenteritis epidemics in the Nablus region 

of Palestine. Tropical Medicine & International Health, 16(1), 12-17.  

Hussen, A., Tefera, M., & Asrate, S. (2012). Gastrointestinal helminth parasites of Clarias gariepinus 

(catfish) in Lake Hawassa Ethiopia. Scientific Journal of Animal Science, 1(4), 131-136.  

Hutchinson, L. E., Franke, J. D., & Mailey, B. A. (2021). Necrotizing fasciitis secondary to lake water 

inoculation with Aeromonas sobria: A case report. Medicine, 100(10), 1-4.  

Hutton, G., Haller, L., Water, S., & Organization, W. H. (2004). Evaluation of the costs and benefits 

of water and sanitation improvements at the global level Water, Sanitation and Health 

Protection of the Human Environment World Health Organization Geneva, Switzerland: 

WHO/SDE/WSH/04.04 pp 1-87 

Huys, G., Rhodes, G., McGann, P., Denys, R., Pickup, R., Hiney, M., et al. (2000). Characterization 

of oxytetracycline-resistant heterotrophic bacteria originating from hospital and freshwater 

fishfarm environments in England and Ireland. Systematic and Applied Microbiology, 23(4), 

599-606.  

Ibrahem, M. D., Mostafa, M., Arab, R., & Rezk, M. (2008). Prevalence of Aeromonas hydrophila 

infection in wild and cultured tilapia nilotica (O. niloticus) in Egypt. 8th International 

Symposium on Tilapia in Aquaculture 2008, 1257-1271.  

Idowu, O. A., & Rowland, S. A. (2006). Oral fecal parasites and personal hygiene of food handlers in 

Abeokuta, Nigeria. African Health Sciences, 6(3), 160-164.  

Igbinosa, E. O., Obi, L. C., Tom, M., & Okoh, A. I. (2011). Detection of potential risk of wastewater 

effluents for transmission of antibiotic resistance from Vibrio species as a reservoir in a peri-

urban community in South Africa. International Journal of Environmental Health Research, 

21(6), 402-414.  

Igbinosa, I. H., Beshiru, A., Odjadjare, E. E., Ateba, C. N., & Igbinosa, E. O. (2017). Pathogenic 

potentials of Aeromonas species isolated from aquaculture and abattoir environments. 

Microbial Pathogenesis, 107, 185-192.  

Igbinosa, I. H., Igumbor, E. U., Aghdasi, F., Tom, M., & Okoh, A. I. (2012). Emerging Aeromonas 

species infections and their significance in public health. The Scientific World Journal, 2012, 

625023-625023.  

Ignjatovic, I., Stojkovic, I., Kutlesic, C., & Tasic, S. (2003). Infestation of the human kidney with 

Dioctophyma renale. Urologia Internationalis, 70(1), 70-73.  

Ikuno, H., Akao, S., & Yamasaki, H. (2018). Epidemiology of Diphyllobothrium nihonkaiense 

Diphyllobothriasis, Japan, 2001-2016. Emerging Infectious Diseases, 24(8), 1428-1434.  

Ilnyckyj, M. (2007). The legality and sustainability of European Union fisheries policy in West 

Africa. MIT International Review, 1(32), 32-35.  



351 
 

ILO. (2017). Decent work for migrant fishers, Report for discussion at the Tripartite Meeting on 

Issues Relating to Migrant Fishers International Labour Office Geneva Geneva: pp 1-51 

Inoue, K., Oshima, S. I., Hirata, T., & Kimura, I. (2000). Possibility of anisakid larvae infection in 

farmed salmon. Fisheries Science, 66(6), 1049-1052.  

Ioannou, P., & Vougiouklakis, G. (2020). A Systematic Review of Human Infections by 

Pseudomonas mendocina. Tropical Medicine and Infectious Disease, 5(2), 71.  

ISFR. (2020). Implementation Subcommittee for Food Regulation. Food Regulation. Retrieved from 

https://foodregulation.gov.au/internet/fr/publishing.nsf/Content/ISFR 22/7/2021 

Ishida, M., Harada, A., Egawa, S., Watabe, S., Ebina, N., & Unno, M. (2007). Three successive cases 

of enteric anisakiasis. Digestive Surgery, 24(3), 228-231.  

Food safety management systems-Requirements for any organization in the food chain, ISO 

22000:2018 International Standards Organisation C.F.R. (2018). Retrieved from: 

https://www.iso.org/obp/ui/#iso:std:iso:22000:ed-2:v1:en 1/7/2018 

Ito, Y., Ikematsu, Y., Yuzawa, H., Nishiwaki, Y., Kida, H., Waki, S., et al. (2007). Chronic gastric 

Anisakiasis presenting as pneumoperitoneum. Asian Journal of Surgery, 30(1), 67-71.  

�,�Y�D�Q�R�Y�L�ü�����-�������%�D�O�W�L�ü�����0�����ä�������%�R�ã�N�R�Y�L�ü�����0�������.�L�O�L�E�D�U�G�D�����1�������'�R�N�P�D�Q�R�Y�L�ü�����0�������0�D�U�N�R�Y�L�ü�����5�������H�W���D�O��������������������

Anisakis allergy in human. Trends in Food Science & Technology, 59, 25-29.  

Iwamoto, M., Ayers, T., Mahon, B. E., & Swerdlow, D. L. (2010). Epidemiology of seafood-

associated infections in the United States. Clinical Microbiology Reviews, 23(2), 399-411.  

Jackson, Y., Pastore, R., Sudre, P., Loutan, L., & Chappuis, F. (2007). Diphyllobothrium latum 

outbreak from marinated raw perch, Lake Geneva, Switzerland. Emerging Infectious 

Diseases, 13(12), 1957.  

Jacquet, J. L., & Pauly, D. (2008). Trade secrets: Renaming and mislabeling of seafood. Marine 

Policy, 32(3), 309-318.  

Janda, J. M., & Abbott, S. L. (2010). The genus Aeromonas: taxonomy, pathogenicity, and infection. 

Clinical Microbiology Reviews, 23(1), 35-73.  

Janecko, N., Martz, S.-L., Avery, B. P., Daignault, D., Desruisseau, A., Boyd, D., et al. (2016). 

Carbapenem-resistant Enterobacter spp. in retail seafood imported from Southeast Asia to 

Canada. Emerging Infectious Diseases, 22(9), 1675.  

Jennings, S., Stentiford, G. D., Leocadio, A. M., Jeffery, K. R., Metcalfe, J. D., Katsiadaki, I., et al. 

(2016). Aquatic food security: insights into challenges and solutions from an analysis of 

interactions between fisheries, aquaculture, food safety, human health, fish and human 

welfare, economy and environment. Fish and Fisheries, 17(4), 893-938.  

�-�H�Y�ã�Q�L�N�����0�������2�Y�F�D�����$�������%�D�X�H�U�����0�������)�L�Q�N�����5�������2�G�H�U�����0�������	���6�H�Y�ã�H�N�����)���������������������)�R�R�G���V�D�I�H�W�\���N�Q�R�Z�O�H�G�J�H��

and practices among elderly in Slovenia. Food Control, 31(2), 284-290.  

Jimenez-Huyke, C. E., Rivera, S., Rodriguez, F., & Marcial, M. (2005). Anisakiasis associated to raw 

fish ingestion. American Journal of Gastroenterology, 100(9), S171-S172.  

https://www.iso.org/obp/ui/#iso:std:iso:22000:ed-2:v1:en


352 
 

Jimenez, J. A., Rodriguez, S., Gamboa, R., Rodriguez, L., Garcia, H. H., & Peru, f. t. C. W. G. i. 

(2012). Diphyllobothrium pacificum Infection is seldom associated with megaloblastic 

anemia. American Journal of Tropical Medicine and Hygiene, 87(5), 897-901.  

Jofré, L., Neira, P., Noemí, I., & Cerva, J. L. (2008). Pseudoterranovosis and sushi. Revista Chilena 

de Infectología, 25(3), 200-205.  

Joseph, S., Carnahan, A., Brayton, P., Fanning, G., Almazan, R., Drabick, C., et al. (1991). 

Aeromonas jandaei and Aeromonas veronii dual infection of a human wound following 

aquatic exposure. Journal of Clinical Microbiology, 29(3), 565-569.  

Jung, W. T., Kim, H. J., Min, H. J., Ha, C. Y., Kim, H. J., Ko, G. H., et al. (2012). An indigenous case 

of intestinal capillariasis with protein-losing enteropathy in Korea. Korean Journal of 

Parasitology, 50(4), 333-337.  

J�X�U�L�ü�����,�������3�R�J�R�U�H�O�L�ü�����=�������'�H�V�S�R�W�����5�������	���0�U�N�O�L�ü�����,���������������������8�Q�X�V�X�D�O���F�D�X�V�H���R�I���V�P�D�O�O���L�Q�W�H�V�W�L�Q�H���R�E�V�W�U�X�F�W�L�R�Q���L�Q��

a child: small intestine anisakiasis: report of a case. Scottish Medical Journal, 58(1), e32-e36.  

Kagambèga, A., Belem, S., McMillan, E. A., Hiott, L. M., Ramadan, H., Soro, D. K., et al. (2021). 

Genome analysis of Salmonella strains isolated from imported frozen fish in Burkina Faso. 

Annals of Microbiology, 71(1), 32-40.  

Kalantari, N., Gorgani-Firouzjaee, T., Moulana, Z., Chehrazi, M., & Ghaffari, S. (2021). Toxoplasma 

gondii infection and spontaneous abortion: A systematic review and meta-analysis. Microbial 

Pathogenesis, 158, 105070.  

Kalimuddin, S., Chen, S. L., Lim, C. T., Koh, T. H., Tan, T. Y., Kam, M., et al. (2017). 2015 

epidemic of severe Streptococcus agalactiae sequence type 283 infections in Singapore 

associated with the consumption of raw freshwater fish: a detailed analysis of clinical, 

epidemiological, and bacterial sequencing data. Clinical Infectious Diseases, 64(suppl_2), 

S145-S152.  

Kanisawa, Y., Kawanishi, N., Hisai, H., & Araya, H. (2000). Colonic Anisakiasis: An unusual cause 

of intussusception. Endoscopy, 32(9), S55.  

Kari, Z. A., Wee, W., Hamid, N. K. A., Mat, K., Rusli, N. D., Khalid, H. N. M., et al. (2022). Recent 

advances of phytobiotic utilization in carp farming: A review. Aquaculture Nutrition, 

2022(7626675), 1-10.  

Karl, H., & Leinemann, M. (1993). A fast and quantitative detection method for nematodes in fish 

fillets and fishery products. Journal of Food Safety and Food Quality, 44(5), 124-125.  

Kasai, A., Li, Y.-C., Mafie, E., & Sato, H. (2016). New host records of monacanthid fish for three 

Kudoa spp.(K. septempunctata, K. thyrsites, and K. shiomitsui) prevalent in the olive flounder 

(Paralichthys olivaceus), with the description of K. parathyrsites n. sp. from a black scraper 

(Thamnaconus modestus). Parasitology Research, 115(7), 2741-2755.  



353 
 

Kasai, A., Li, Y.-C., Setsuda, A., Mafie, E., & Sato, H. (2015). Genetic characterization of Kudoa 

iwatai and Kudoa trachuri in commercial marine fish (Platycephalus sp. and Trachurus 

japonicus) for human consumption. Japanese Journal of Veterinary Parasitology, 14(1).  

Katafigiotis, I., Fragkiadis, E., Pournaras, C., Nonni, A., & Stravodimos, K. G. (2013). A rare case of 

a 39 year old male with a parasite called Dioctophyme renale mimicking renal cancer at the 

computed tomography of the right kidney. A case report. Parasitology International, 62(5), 

459-460.  

Kathleen, M., Samuel, L., Felecia, C., Reagan, E., Kasing, A., Lesley, M., et al. (2016). Antibiotic 

resistance of diverse bacteria from aquaculture in Borneo. International Journal of 

Microbiology, 2016(2164761), 1-10.  

Katouli, M. (2010). Population structure of gut Escherichia coli and its role in development of extra-

intestinal infections. Iranian Journal of Microbiology, 2(2), 59-72.  

Kaur, P. (2014). Histo-pathological effect of Senga species (Cestode: Pseudophyllidea) in intestine of 

piscian hosts. World Journal of Pharmacy and Pharmaceutical Sciences, 3(2), 1506-1513.  

Kawai, T., Sekizuka, T., Yahata, Y., Kuroda, M., Kumeda, Y., Iijima, Y., et al. (2012). Identification 

of Kudoa septempunctata as the causative agent of novel food poisoning outbreaks in Japan 

by consumption of Paralichthys olivaceus in raw fish. Clinical Infectious Diseases, 54(8), 

1046-1052.  

Kawanishi, K., Ikeda, Y., Furotani, M., Tsuboi, S., Kanno, T., Niwa, T., et al. (2021). Fifty-millimeter 

abscess in the ileum caused by perforation from anisakiasis successfully treated with 

conservative therapy without drainage. Oxford Medical Case Reports, 2021(6), 203-205.  

Kayansamruaj, P., Pirarat, N., Katagiri, T., Hirono, I., & Rodkhum, C. (2014). Molecular 

characterization and virulence gene profiling of pathogenic Streptococcus agalactiae 

populations from tilapia (Oreochromis sp.) farms in Thailand. Journal of Veterinary 

Diagnostic Investigation, 26(4), 488-495.  

Kelly, M. T., & Dan Stroh, E. M. (1988). Occurrence of Vibrionaceae in natural and cultivated oyster 

populations in the Pacific Northwest. Diagnostic Microbiology and Infectious Disease, 9(1), 

1-5.  

Kenzaka, T., Tani, K., & Nasu, M. (2010). High-frequency phage-mediated gene transfer in 

freshwater environments determined at single-cell level. The ISME Journal, 4(5), 648-659.  

Kerr, M., Lawicki, P., Aguirre, S., & Rayner, C. (2002). Effect of storage conditions on histamine 

formation in fresh and canned tuna Public Health Division Victorian Government 

Departartment of Human Health Victoria, Australia: 28102002. pp 1-20 

Kesy, K., Oberbeckmann, S., Kreikemeyer, B., & Labrenz, M. (2019). Spatial environmental 

heterogeneity determines young biofilm assemblages on microplastics in Baltic Sea 

mesocosms. Frontiers in Microbiology, 10(1665), 1-18.  



354 
 

Khalifa, R. M., Sakla, A. A., & Hassan, A. A. (2000). Capillaria philippinensis - a human intestinal 

nematode newly introduced to Upper Egypt. Helminthologia, 37(1), 23-27.  

Khalil, S., Mamun, M., Bari, S., & Haque, M. (2014). Endoparasitic infestation in Channa punctatus 

(Bloch, 1793) collected from different water bodies in Sylhet. Journal of Sylhet Agricultural 

University, 1(1), 59-64.  

Khan, A. A., Cheng, C.-M., Van, K. T., West, C. S., Nawaz, M., & Khan, S. (2006). Characterization 

of class 1 integron resistance gene cassettes in Salmonella enterica serovars Oslo and Bareily 

from imported seafood. Journal of Antimicrobial Chemotherapy, 58(6), 1308-1310.  

Ki, M., Son, H., & Choi, B. Y. (2019). Causes and countermeasures for repeated outbreaks of 

hepatitis A among adults in Korea. Epidemiology and Health, 41(e2019038), 1-7.  

Killewo, J. Z., Amsi, D. M. D., & Mhalu, F. S. (1989). An investigation of a cholera epidemic in 

Butiama village of the Mara region, Tanzania. Journal of Diarrhoeal Diseases Research, 7, 

13-17.  

Kim, E.-h., & Aoki, T. (1993). Drug resistance and broad geographical distribution of identical R 

plasmids of Pasteurella piscicida isolated from cultured yellowtail in Japan. Microbiology 

and Immunology, 37(2), 103-109.  

Kim, H.-J., Eom, K. S., & Seo, M. (2014). Three Cases of Diphyllobothrium nihonkaiense Infection 

in Korea. Korean Journal of Parasitology, 52(6), 673-676.  

Kim, J. H., & Lee, J. H. (2010). Diphyllobothrium latum during colonoscopy. New England Journal 

of Medicine, 362(11), e40.  

Kim, J. J., Ryu, S., & Lee, H. (2018). Foodborne illness outbreaks in Gyeonggi province, Korea, 

following seafood consumption potentially caused by Kudoa septempunctata between 2015 

and 2016. Osong Public Health and Research Perspectives, 9(2), 66-72.  

Kim, J. Y., & Lee, J.-L. (2017). Correlation of total bacterial and Vibrio spp. populations between fish 

and water in the aquaculture system. Frontiers in Marine Science, 4(147).  

Kim, S. H., Park, C. W., Kim, S. K., Won, S., Park, W. K., Kim, H. R., et al. (2013). A case of 

Anisakiasis invading the stomach and the colon at the same time after eating anchovies. 

Clinical Endoscopy, 46(3), 293-296.  

Kirk, M., Ford, L., Glass, K., & Hall, G. (2014). Foodborne illness, Australia, circa 2000 and circa 

2010. Emerging Infectious Diseases, 20(11), 1857.  

Kirn, T. J., Jude, B. A., & Taylor, R. K. (2005). A colonization factor links Vibrio cholerae 

environmental survival and human infection. Nature, 438(7069), 863-866.  

Kitao, T., Aoki, T., & Sakoh, R. (1981). Epizootic �F�D�X�V�H�G���E�\����-haemoltytic Streptococcus species in 

cultured freshwater fish. Fish Pathology, 15(3-4), 301-307.  

Knope, K., Sloan-Gardner, T. S., & Stafford, R. J. (2014). Histamine fish poisoning in Australia, 2001 

to 2013. Communicable Diseases Intelligence Quarterly Report, 38(4), E285-293.  



355 
 

Ko, K. K. K., Cao, D. Y. H., Wee, L. W. Y., Hsu, L. Y., & Yamasaki, H. (2019). First two confirmed 

cases of Dibothriocephalus nihonkaiensis in Southeast Asia (Singapore). Pathology, 51(4), 

433-434.  

Kodama, H., Nakanishi, Y., Yamamoto, F., Mikami, T., Izawa, H., Imagawa, T., et al. (1987). 

Salmonella arizonae isolated from a pirarucu, Arapaima gigas Cuvier, with septicaemia. 

Journal of Fish Diseases, 10(6), 509-512.  

Koh, M.-S., Huh, S., & Sohn, W.-M. (1999). A Case of gastric psuedoterranoviasis in a 43-year-old 

man in Korea. Korean Journal of Parasitology, 37(1), 47-49.  

Koh, T. H., Kurup, A., & Chen, J. (2004). Streptococcus iniae discitis in Singapore. Emerging 

Infectious Diseases, 10(9), 1694�±1696.  

Koinari, M., Karl, S., Ng-Hublin, J., Lymbery, A. J., & Ryan, U. M. (2013). Identification of novel 

and zoonotic Cryptosporidium species in fish from Papua New Guinea. Veterinary 

Parasitology, 198(1-2), 1-9.  

Kris-Etherton, P. M., Harris, W. S., & Appel, L. J. (2003). Omega-3 fatty acids and cardiovascular 

disease: new recommendations from the American Heart Association. Arteriosclerosis, 

Thrombosis, and Vascular Biology, 23(2), 151-152.  

Krupinski, E. A., Berbaum, K. S., & Caldwell, R. (2009). Impact of visual fatigue on observer 

performance in Medical Imaging 2009: Image perception, observer performance, and 

technology assessment. In International Society for Optics and Photonics. (Ed.), Medical 

imaging 2009: image perception, observer performance, and technology assessment  (Vol. 

7263). Florida, USA. 

�.�X�F�K�W�D�����5�������%�U�D�E�H�F�����-�������.�X�E�i�þ�N�R�Y�i�����3�������	���6�F�K�R�O�]�����7���������������������7�D�S�H�Z�R�U�P��Diphyllobothrium dendriticum 

(Cestoda)�² Neglected or emerging human parasite? PLoS Neglected Tropical Diseases, 

7(12), e2535.  

Kuchta, R. S. T. (2017). Bothriocephalidea In J. N. Caira & Jensen. K. (Eds.), In Planetary 

Biodiversity Inventory (2008-2017): Tapeworms from ther Bowels of the Earth. (Vol. 25, pp. 

29-47). Pennsylvania, USA: Natural History Museum, The University of Kansas. 

Kuehn, J., Lombardo, L., Janda, W. M., & Hollowell, C. M. P. (2016). Giant kidney worms in a 

patient with renal cell carcinoma. BMJ Case Reports, 2016.  

Kuhn, T., Hailer, F., Palm, H. W., & Klimpel, S. (2013). Global assessment of molecularly identified 

Anisakis Dujardin, 1845 (Nematoda: Anisakidae) in their teleost intermediate hosts. Folia 

Parasitologica, 60(2), 123.  

Kullavanijaya, P., Sirimachan, S., & Bhuddhavudhikrai, P. (1993). Mycobacterium marinum 

cutaneous infections acquired from occupations and hobbies. International Journal of 

Dermatology, 32(7), 504-507.  



356 
 

Kumari, P., & Maiti, S. K. (2019). Health risk assessment of lead, mercury, and other metal (loid) s: A 

potential threat to the population consuming fish inhabiting, a lentic ecosystem in Steel City 

(Jamshedpur), India. Human and Ecological Risk Assessment, 25(8), 2174-2192.  

Kuo, Y.-L., Shieh, S.-J., Chiu, H.-Y., & Lee, J.-W. (2007). Necrotizing fasciitis caused by Vibrio 

vulnificus: epidemiology, clinical findings, treatment and prevention. European Journal of 

Clinical Microbiology & Infectious Diseases, 26(11), 785-792.  

Kwon, Y., Jung, H. Y., Ha, H. K., & Lee, I. (2000). An imported case of intestinal capillariasis 

presenting as protein-losing enteropathy. Korean Journal of Pathology, 34(3), 235-238.  

La Bella, G., Martella, V., Basanisi, M. G., Nobili, G., Terio, V., & La Salandra, G. (2017). Food-

borne viruses in shellfish: Investigation on Norovirus and HAV presence in Apulia (SE Italy). 

Food and Environmental Virology, 9(2), 179-186.  

Labella, A., Gennari, M., Ghidini, V., Trento, I., Manfrin, A., Borrego, J. J., et al. (2013). High 

incidence of antibiotic multi-resistant bacteria in coastal areas dedicated to fish farming. 

Marine Pollution Bulletin, 70(1), 197-203.  

Laffon-Leal, S. M., Vidal-Martínez, V. M., & Arjona-Torres, G. (2000). 'Cebiche'--a potential source 

of human anisakiasis in Mexico? Journal of Helminthology, 74(2), 151.  

Lahav, D., Eyngor, M., Hurvitz, A., Ghittino, C., Lublin, A., & Eldar, A. (2004). Streptococcus iniae 

type II infections in rainbow trout Oncorhynchus mykiss. Diseases of Aquatic Organisms, 

62(1-2), 177-180.  

Lai, C.-C., Shiao, C.-C., Lu, G.-D., & Ding, L.-W. (2007). Aeromonas hydrophila and Aeromonas 

sobria bacteremia: rare pathogens of infection in a burn patient. Burns, 33(2), 255-257.  

Lal, S. (2007). Diphyllobothrium latum : A case of an incidental finding. World Journal of 

Gastroenterology, 13(12), 1875�±1876.  

Lam, V. (2007). Oilfish-the case of the imitation Atlantic cod. Sea Around Us Newsletter, 40, 2-4.  

Lamendin, R., Miller, K., & Ward, R. D. (2015). Labelling accuracy in Tasmanian seafood: an 

investigation using DNA barcoding. Food Control, 47, 436-443.  

Lamy, B., Baron, S., & Barraud, O. (2022). Aeromonas: the multifaceted middleman in the One 

Health world. Current Opinion in Microbiology, 65, 24-32.  

Landeryou, T. (2019). Molecular assessment of parasite infection within socioeconomically important 

UK salmonid populations. (Doctor of Philosophy), Middlesex University, Middlesex, UK. pp. 

1-226 

Lara-Flores, M., Aguirre-Guzman, G., Balan-Zetina, S. B., Sonda-Santos, K. Y., & Zapata, A. A. 

(2014). Identification of Mycobacterium agent isolated from tissues of Nile tilapia 

(Oreochromis niloticus). Turkish Journal of Fisheries and Aquatic Sciences, 14(2), 575-580.  

Lasek-Nesselquist, E., Bogomolni, A. L., Gast, R. J., Welch, D. M., Ellis, J. C., Sogin, M. L., et al. 

(2008). Molecular characterization of Giardia intestinalis haplotypes in marine animals: 

variation and zoonotic potential. Diseases of Aquatic Organisms, 81(1), 39-51.  



357 
 

Lau, S. K., Woo, P. C., Tse, H., Leung, K.-W., Wong, S. S., & Yuen, K.-Y. (2003). Invasive 

Streptococcus iniae infections outside north america. Journal of Clinical Microbiology, 41(3), 

1004-1009.  

Lavanya, C., Neeraja, T., Babu, P. H., Ramana, T., Balasubramanian, A., Meshram, S., et al. (2021). 

Antimicrobial resistance of Aeromonas species isolated from cultured Indian major carp, 

Labeo rohita: possible public health concern. International Journal of Bio-Resource & Stress 

Management, 12(5), 506-515.  

Lazarus, J., Sellers, D. P., & Marine, W. (1965). Meningitis due to the group B beta-hemolytic 

Streptococcus. New England Journal of Medicine, 272(3), 146-147.  

Lee, D.-H., Lim, J.-S., Song, K., Boo, Y., & Jacobs Jr, D. R. (2006). Graded associations of blood 

lead and urinary cadmium concentrations with oxidative-stress�±related markers in the US 

population: Results from the Third National Health and Nutrition Examination Survey. 

Environmental Health Perspectives, 114(3), 350-354.  

Lee, E. B., Song, J. H., Park, N. S., Kang, B. K., Lee, H. S., Han, Y. J., et al. (2007). A case of 

Diphyllobothrium latum infection with a brief review of diphyllobothriasis in the Republic of 

Korea. Korean Journal of Parasitology, 45(3), 219-223.  

Lee, G. S., Park, S. W., Kim, J., Seo, K. S., You, K. W., Chung, J. H., et al. (2017). A case of 

endoscopically treated laryngopharyngitis resulting from infection. The Korean Journal of 

Gastroenterology, 69(3), 177.  

Lee, I. H., Jang, S., Lee, C. Y., Park, J. S., Lee, H. J., Kim, H. J., et al. (1998). A case of human 

infection of the larvae from Pseudoterranova decipiens. Korean Journal of Gastrointestinal 

Endoscopy, 18(5), 732-736.  

Lee, K. W., Suhk, H.-C., Pai, K.-S., Shin, H.-J., Jung, S.-Y., Han, E.-T., et al. (2001). 

Diphyllobothrium latum infection after eating domestic salmon flesh. Korean Journal of 

Parasitology, 39(4), 319-321.  

Lee, O.-J., & Hong, S.-J. (2002). Gastric echinostomiasis diagnosed by endoscopy. Gastrointestinal 

Endoscopy, 55(3), 440-442.  

Lee, S.-H., Chai, J.-Y., & Hong, S.-T. (1993a). Gymnophalloides seoi n. sp. (Digenea: 

Gymnophallidae), the first report of human infection by a gymnophallid. The Journal of 

Parasitology, 79(5), 677-680.  

Lee, S.-H., Hong, S.-T., Chai, J.-Y., Kim, W. H., Kim, Y. T., Song, I. S., et al. (1993b). a case of 

intestinal capillariasis in the Republic of Korea. American Journal of Tropical Medicine and 

Hygiene, 48(4), 542-546.  

Lee, S., & Wendy, W. (2017). Antibiotic and heavy metal resistance of Aeromonas hydrophila and 

Edwardsiella tarda isolated from red hybrid tilapia (Oreochromis spp.) coinfected with 

motile Aeromonas septicemia and edwardsiellosis. Veterinary world, 10(7), 803.  



358 
 

Lee, S. H., Chai, J. Y., Lee, H. J., Hong, S. T., Yu, J. R., Sohn, W. M., et al. (1994). High prevalence 

of Gymnophalloides seoi infection in a village on a southwestern island of the Republic of 

Korea. The American Journal of Tropical Medicine and Hygiene, 51(3), 281.  

Lee, S. H., Park, H., & Yu, S. T. (2015). Diphyllobothrium latum infection in a child with recurrent 

abdominal pain. Korean Journal of Pediatrics, 58(11), 451.  

Lehane, L., & Olley, J. (2000). Histamine fish poisoning revisited. International Journal of Food 

Microbiology, 58(1-2), 1-37.  

Leon-Regagnon, V., Garcia-Prieto, L. O.-S. D., & Jimenez-Ruiz, A. (2000). Gnathostomosis in Fish 

from Tres Palos Lagoon, Guerrero, Mexico.(Letter to the Editor). Emerging Infectious 

Diseases, 6(4), 429.  

Lerke, P. A., Werner, S. B., Taylor, S. L., & Guthertz, L. S. (1978). Scombroid poisoning: Report of 

an outbreak. Western Journal of Medicine, 129(5), 381-386.  

Lester, R., Barnes, A., & Habib, G. (1985). Parasites of skipjack tuna, Katsuwonus pelamis: Fishery 

implications. Fishery Bulletin, 83(3), 343-356.  

Levitski-Heikkila, T. V., & Ullian, M. E. (2005). Peritonitis with multiple rare environmental bacteria 

in a patient receiving long-term peritoneal dialysis. American Journal of Kidney Diseases, 

46(6), e119-e124.  

Levsen, A., & Lunestad, B. T. (2010). Anisakis simplex third stage larvae in Norwegian spring 

spawning herring (Clupea harengus L.), with emphasis on larval distribution in the flesh. 

Veterinary Parasitology, 171(3-4), 247-253.  

Levsen, A., Lunestad, B. T., & Berland, B. (2005). Low detection efficiency of candling as a 

commonly recommended inspection method for nematode larvae in the flesh of pelagic fish. 

Journal of Food Protection, 68(4), 828-832.  

Li, A., Yang, W., Hu, J., Wang, W., Cai, T., & Wang, J. (2006). Optimization by orthogonal array 

design and humoral immunity of the bivalent vaccine against Aeromonas hydrophila and 

Vibrio fluvialis infection in crucian carp (Carassius auratus L.). Aquaculture Research, 37(8), 

813-820.  

Li, C., Sapugahawatte, D. N., Yang, Y., Wong, K. T., Lo, N. W. S., & Ip, M. (2020). Multidrug-

resistant Streptococcus agalactiae strains found in human and fish with high penicillin and 

cefotaxime non-susceptibilities. Microorganisms, 8(7), 1055.  

Li, G., Liu, C., Li, F., Zhou, M., Liu, X., & Niu, Y. (2010). Fatal bilateral dioctophymatosis. The 

Journal of Parasitology, 96(6), 1152-1154.  

Li, Y., Pei, X., Yan, J., Liu, D., Zhang, H., Yu, B., et al. (2019). Prevalence of foodborne pathogens 

isolated from retail freshwater fish and shellfish in China. Food Control, 99, 131-136.  

Lima Dos Santos, C. A. M., & Howgate, P. (2011). Fishborne zoonotic parasites and aquaculture: A 

review. Aquaculture, 318(3-4), 253-261.  



359 
 

Lindsay, D., Blagburn, B., & Dubey, J. (2002). Survival of nonsporulated Toxoplasma gondii oocysts 

under refrigerator conditions. Veterinary Parasitology, 103(4), 309-313.  

Lindsay, D. S., Phelps, K. K., Smith, S. A., Flick, G., Sumner, S. S., & Dubey, J. (2001). Removal of 

Toxoplasma gondii oocysts from sea water by eastern oysters (Crassostrea virginica). 

Journal of Eukaryotic Microbiology, 48, 197s-198s.  

Liu, L., Zhu, W., Cao, Z., Xu, B., Wang, G., & Luo, M. (2015). High correlation between genotypes 

and phenotypes of environmental bacteria Comamonas testosteroni strains. BMC Genomics, 

16(1), 110.  

Liu, R., Pieniak, Z., & Verbeke, W. (2014). Food-related hazards in China: Consumers' perceptions of 

risk and trust in information sources. Food Control, 46, 291-298.  

Llaguno, M. M., Cortez-Escalante, J., Waikagul, J., Faleiros, A. C. G., Chagas, F. d., & Castro, C. 

(2008). Diphyllobothrium latum infection in a non-endemic country: Case report. Revista da 

Sociedade Brasileira de Medicina Tropical, 41, 301-303.  

Llarena-Reino, M., Piñeiro, C., Antonio, J., Outeriño, L., Vello, C., González, Á. F., et al. (2013). 

Optimization of the pepsin digestion method for anisakids inspection in the fishing industry. 

Veterinary Parasitology, 191(3-4), 276-283.  

Londoñe-Bailón, P., Céspedes-Chombo, R., & Díaz Pereyra, K. (2020). Evaluation of the presence of 

Adenocephalus pacificus in fish of greater consumption in Peru in the period 2016-2017. 

Revista de Investigaciones Veterinarias del Perú (RIVEP), 31(1), 1-11.  

Lopez, I., & Pardo, M. A. (2010). Evaluation of a real-time polymerase chain reaction (PCR) assay 

for detection of Anisakis simplex parasite as a food-borne allergen source in seafood products. 

Journal of Agricultural and Food Chemistry, 58(3), 1469-1477.  

Lou, H. Y., Tsai, P. C., Chang, C. C., Lin, Y. H., Liao, C. W., Kao, T. C., et al. (2007). A case of 

human diphyllobothriasis in northern Taiwan after eating raw fish fillets. Journal of 

Microbiology Immunology and Infection, 40(5), 452-456.  

Loury, P., Le Guyader, F., Le Saux, J., Ambert-Balay, K., Parrot, P., & Hubert, B. (2015). A 

norovirus oyster-related outbreak in a nursing home in France, January 2012. Epidemiology & 

Infection, 143(12), 2486-2493.  

Lowry, T., & Smith, S. A. (2007). Aquatic zoonoses associated with food, bait, ornamental, and 

tropical fish. Journal of the American Veterinary Medical Association, 231(6), 876-880.  

Lu, L.-H., Lin, M.-R., Choi, W.-M., Hwang, K.-P., Hsu, Y.-H., Bair, M.-J., et al. (2006). Human 

intestinal capillariasis (Capillaria philippinensis) in Taiwan. American Journal of Tropical 

Medicine and Hygiene, 74(5), 810-813.  

Lubieniecki, B. (1970). Salted and spiced herring tested for the presence and viability of parasitic 

nematode larvae. Biul. MIR Rocz. I, 4, 12-16.  



360 
 

Ludovisi, A., Trotta, D., Illiceto, M. T., Mazzochetti, C., Lizzi, M., & Aricò, M. (2022). 

Hypereosinophilia, abdominal pain, and diarrhea: Anisakiasis, a difficult diagnosis in a child. 

The Pediatric Infectious Disease Journal, 41(8), e343-e344.  

Lulijwa, R., Rupia, E. J., & Alfaro, A. C. (2020). Antibiotic use in aquaculture, policies and 

regulation, health and environmental risks: a review of the top 15 major producers. Reviews in 

Aquaculture, 12(2), 640-663.  

Lunestad, B. T., Nesse, L., Lassen, J., Svihus, B., Nesbakken, T., Fossum, K., et al. (2007). 

Salmonella in fish feed; occurrence and implications for fish and human health in Norway. 

Aquaculture, 265(1-4), 1-8.  

Luu, P. H., Davies, B., & Dunne, M. P. (2017). The association between factors which affect the food 

safety practices of seafood distributors within the southern domestic distribution chains in 

Vietnam. Food Control, 73, 332-340.  

Lyer, T. S. G., & Shrivastava, K. P. (1989). Incidence and low temperature survival of Salmonella in 

fishery products. Fish Technology, 26(1), 39-42.  

Maclean, J. D., Ward, B. J., Kokoskin, E., Arthur, J. R., Gyorkos, T. W., & Curtis, M. A. (1996). 

Common-source outbreak of acute infection due to the North American liver fluke Metorchis 

conjunctus. The Lancet, 347(8995), 154-158.  

Macusi, E. D., Katikiro, R. E., & Babaran, R. P. (2017). The influence of economic factors in the 

change of fishing strategies of anchored FAD fishers in the face of declining catch, General 

Santos City, Philippines. Marine Policy, 78, 98-106.  

Magee, J. T., Burnett, I. A., Hindmarch, J. M., & Spencer, R. C. (1990). Micrococcus and 

Stomatococcus spp. from human infections. Journal of Hospital Infection, 16(1), 67-73.  

Maggi, P., Carbonara, S., Fico, C., Santantonio, T., Romanelli, C., Sforza, E., et al. (1997). 

Epidemiological, clinical and therapeutic evaluation of the Italian cholera epidemic in 1994. 

European Journal of Epidemiology, 13(1), 95-97.  

Mahmudunnabi, G., Majlish, A. N. K., Momtaz, F., Foysal, M. J., Rahman, M. M., & Islam, K. 

(2018). Molecular detection and PCR-RFLP analysis using Pst1 and Alu1 of multidrug 

resistant Klebsiella pneumoniae causing urinary tract infection in women in the eastern part of 

Bangladesh. Journal of Genetic Engineering and Biotechnology, 16(1), 77-82.  

Makelele, L., Kazadi, Z., Oleko, R., Foma, R., & a Mpalang, R. K. (2015). Microbiological quality of 

food sold by street vendors in Kisangani, Democratic Republic of Congo. African Journal of 

Food Science, 9(5), 285-290.  

Mamun, A.-A., Nasren, S., Rathore, S. S., & Mahbub Alam, M. (2022). Histopathological analysis of 

striped catfish, Pangasianodon hypophthalmus (Sauvage, 1878) spontaneously infected with 

Aeromonas hydrophila. Jordan Journal of Biological Sciences, 15(1), 93-100.  



361 
 

Mannik, M., Baringer, J. R., & Stokes III, J. (1962). Infections due to group B beta-hemolytic 

streptococci: report of three cases and review of the literature. New England Journal of 

Medicine, 266(18), 910-913.  

Manore, A. J., Harper, S. L., Sargeant, J. M., Weese, J. S., Cunsolo, A., Bunce, A., et al. (2020). 

Cryptosporidium and Giardia in locally harvested clams in Iqaluit, Nunavut. Zoonoses and 

Public Health, 67(4), 352-361.  

Marcogliese, D. (2008). The impact of climate change on the parasites and infectious diseases of 

aquatic animals. International Office of Epizootics, 27(2), 467-484.  

Marcogliese, D. J. (2001). Implications of climate change for parasitism of animals in the aquatic 

environment. Canadian Journal of Zoology, 79(8), 1331-1352.  

Marigo, J., Taniwaki, S., Pinto, P., Soares, R., & Catão-Dias, J. (2015). Molecular identification of 

Pseudoterranova azarasi larvae in cod (Gadus sp.) sold for human consumption in Brazil. 

Revista do Instituto de Medicina Tropical de São Paulo, 57(6), 537-539.  

Marino, A. M. F., Giunta, R. P., Salvaggio, A., Castello, A., Alfonzetti, T., Barbagallo, A., et al. 

(2019). Toxoplasma gondii in edible fishes captured in the Mediterranean basin. Zoonoses 

and Public Health.  

Mark, B. J., Beaty, A. D., & Slavin, R. G. (2008). Are fish oil supplements safe in finned fish-allergic 

patients? Allergy and Asthma Proceedings, 29(5), 528-529.  

Marshall, B. M., & Levy, S. B. (2011). Food animals and antimicrobials: impacts on human health. 

Clinical Microbiology Reviews, 24(4), 718-733.  

Martinez-Murcia, A., Saavedra, M., Mota, V., Maier, T., Stackebrandt, E., & Cousin, S. (2008). 

Aeromonas aquariorum sp. nov., isolated from aquaria of ornamental fish. International 

Journal of Systematic and Evolutionary Microbiology, 58(5), 1169-1175.  

Mas, C., S., & Bargues, M., D. (1997). Human liver flukes: a review. Research and Reviews in 

Parasitology, 57(3-4), 145-218.  

Mascarenhas, C. S., Müller, G., de Macedo, M. R. P., Henzel, A. B. D., Robaldo, R. B., & Corrêa, F. 

(2019). The role of freshwater fish in the life cycle of Dioctophyme renale in Southern Brazil. 

Veterinary Parasitology: Regional Studies and Reports, 16, 100274.  

Mathieu, E., Levy, D. A., Veverka, F., Parrish, M.-K., Sarisky, J., Shapiro, N., et al. (2004). 

Epidemiologic and environmental investigation of a recreational water outbreak caused by 

two genotypes of Cryptosporidium parvum in Ohio in 2000. The American Journal of 

Tropical Medicine and Hygiene, 71(5), 582-589.  

Matsukane, Y., Sato, H., Tanaka, S., Kamata, Y., & Sugita-Konishi, Y. (2010). Kudoa 

septempunctata n. sp.(Myxosporea: Multivalvulida) from an aquacultured olive flounder 

(Paralichthys olivaceus) imported from Korea. Parasitology Research, 107(4), 865-872.  



362 
 

Matter, A. F., El Asely, A. M., Shaheen, A. A., El-Gawad, E., El-Abd, H., & Abbass, A. A. (2018). 

Phenotypic and molecular characterization of bacterial pathogens isolated from diseased 

freshwater fishes. International Journal of Fisheries and Aquatic Studies 6, 34-41.  

Mattiucci, S., Cipriani, P., Levsen, A., Paoletti, M., & Nascetti, G. (2018). Molecular epidemiology of 

Anisakis and anisakiasis: an ecological and evolutionary road map. In Advances in 

Parasitology (Vol. 99, pp. 93-263): Elsevier. 

Mattiucci, S., Col�D�Q�W�R�Q�L�����$�������&�U�L�V�D�I�L�����%�������0�R�U�L�(�8�E�D�O�G�L�Q�L�����)�������&�D�S�R�Q�L�����/�������)�D�]�L�L�����3�������H�W���D�O���������������D�������,���J���(��

sensitization to Anisakis pegreffii in Italy: Comparison of two methods for the diagnosis of 

allergic anisakiasis. Parasite Immunology, 39(7), e12440.  

Mattiucci, S., Fazii, P., De Rosa, A., Paoletti, M., Megna, A. S., Glielmo, A., et al. (2013). 

Anisakiasis and gastroallergic reactions associated with Anisakis pegreffii infection, Italy. 

Emerging Infectious Diseases, 19(3), 496.  

Mattiucci, S., Garcia, A., Cipriani, P., Santos, M. N., Nascetti, G., & Cimmaruta, R. (2014). Metazoan 

parasite infection in the swordfish, Xiphias gladius, from the Mediterranean Sea and 

comparison with Atlantic populations: implications for its stock characterization. Parasite, 

21(35), 1-13.  

Mattiucci, S., Paggi, L., Nascetti, G., Ishikura, H., Kikuchi, K., Sato, N., et al. (1998). Allozyme and 

morphological identification of shape Anisakis, Contracaecum and Pseudoterranova from 

Japanese waters (Nematoda, Ascaridoidea). Systematic Parasitology, 40(2), 81-92.  

Mattiucci, S., Paoletti, M., Borrini, F., Palumbo, M., Palmieri, R. M., Gomes, V., et al. (2011). First 

molecular identification of the zoonotic parasite Anisakis pegreffii (Nematoda: Anisakidae) in 

a paraffin-embedded granuloma taken from a case of human intestinal anisakiasis in Italy. 

BMC Infectious Diseases, 11(1), 82.  

Mattiucci, S., Paoletti, M., Colantoni, A., Carbone, A., Gaeta, R., Proietti, A., et al. (2017b). Invasive 

anisakiasis by the parasite Anisakis pegreffii (Nematoda: Anisakidae): diagnosis by real-time 

PCR hydrolysis probe system and immunoblotting assay.(Report). BMC Infectious Diseases, 

17(1), 1-9.  

McClelland, R. S., Murphy, D. M., & Cone, D. K. (1997). Report of spores of Henneguya salminicola 

(Myxozoa) in human stool specimens: possible source of confusion with human spermatozoa. 

Journal of Clinical Microbiology, 35(11), 2815�±2818.  

McIver, D. (2017, 16 June 2018). Seafood stoush after imported tilapia fish gets 'bream' trademark. 

ABC News. Retrieved from http://www.abc.net.au/news/2017-12-21/kariba-bream-fight-over-

name-of-tilapia-species-of-fish/9277184 16/6/2018 

McShane, P., Edwards, R., Muggleton, M., & Milne, D. (2005). Proactive environmental 

management: Clean green rock lobster presents a fully-integrated product management 

strategy. Paper presented at the Sixth World Congress on Seafood Safety, Quality and Trade. 



363 
 

Measures, L. N., & Anderson, R. C. (1985). Centrarchid fish as paratenic hosts of the giant kidney 

worm, Dioctophyme renale (Goeze, 1782), in Ontario, Canada. Journal of Wildlife Diseases, 

21(1), 11-19.  

Menard, A., Dos Santos, G., Dekumyoy, P., Ranque, S., Delmont, J., Danis, M., et al. (2003). 

Imported cutaneous gnathostomiasis: report of five cases. Transactions of the Royal Society of 

Tropical Medicine and Hygiene, 97(2), 200-202.  

Mencacci, A., Cenci, E., Mazzolla, R., Farinelli, S., D'Alò, F., Vitali, M., et al. (2003). Aeromonas 

veronii biovar veronii septicaemia and acute suppurative cholangitis in a patient with hepatitis 

B. Journal of Medical Microbiology, 52(Pt 8), 727-730.  

Menconi, V., Pastorino, P., Momo, I., Mugetti, D., Bona, M. C., Levetti, S., et al. (2020). Occurrence 

and Spatial Distribution of Dibothriocephalus latus (Cestoda: Diphyllobothriidea) in Lake 

Iseo (Northern Italy): An Update. International Journal of Environmental Research and 

Public Health, 17(14), 5070-5079.  

Menghi, C. I., Gatta, C. L., Arias, L. E., Santoni, G., Nicola, F., Smayevsky, J., et al. (2019). Human 

infection with Pseudoterranova cattani �E�\���L�Q�J�H�V�W�L�R�Q���R�I���³�F�H�Y�L�F�K�H�´���L�Q���%�X�H�Q�R�V���$�L�U�H�V�����$�U�J�H�Q�W�L�Q�D����

Revista Argentina de Microbiología, 52(2), 118-120.  

Mercado, R., Yamasaki, H., Kato, M., Muñoz, V., Sagua, H., Torres, P., et al. (2010). Molecular 

identification of the Diphyllobothrium species causing diphyllobothriasis in Chilean patients. 

Parasitology Research, 106(4), 995-1000.  

Mgbemena, A., Arimoro, F., Omalu, I., & Keke, U. (2020). Prevalence of helminth parasites of 

Clarias gariepinus and Tilapia zillii in relation to age and sex in an afrotropical stream. 

Egyptian Journal of Aquatic Biology and Fisheries, 24(5), 1-11.  

Miettinen, H., Aarnisalo, K., Salo, S., & Sjöberg, A.-M. (2001). Evaluation of surface contamination 

and the presence of Listeria monocytogenes in fish processing factories. Journal of Food 

Protection, 64(5), 635-639.  

Miller, D. D., & Mariani, S. (2010). Smoke, mirrors, and mislabeled cod: poor transparency in the 

European seafood industry. Frontiers in Ecology and the Environment, 8(10), 517-521.  

Miltiadous, G., & Elisaf, M. (2011). Native valve endocarditis due to Micrococcus luteus: a case 

report and review of the literature. Journal of Medical Case Reports, 5(1), 251.  

Minana-Galbis, D., Farfan, M., Lorén, J. G., & Fusté, M. C. (2010). Proposal to assign Aeromonas 

diversa sp. nov. as a novel species designation for Aeromonas group 501. Systematic and 

Applied Microbiology, 33(1), 15-19.  

Minetos, D., & Polyzos, S. (2009). Analysis of agricultural land use transformations in Greece: a 

multinomial logistic regression model at the regional level. International Journal of 

Sustainable Development and Planning, 4(3), 189-209.  

Miranda, C. D., & Zemelman, R. (2002). Bacterial resistance to oxytetracycline in Chilean salmon 

farming. Aquaculture, 212(1), 31-47.  



364 
 

Mishra, P., Samanta, M., Mohanty, S., & Maiti, N. (2010). Characterization of Vibrio species isolated 

from freshwater fishes by ribotyping. Indian Journal of Microbiology, 50(1), 101-103.  

Mitani, M., Sugiura, M., & Kondoh, K. (1994). A case of intussusception caused by anisakiasis of the 

sigmoid colon. The Journal of the Japanese Practical Surgeon Society, 55(11), 2841-2844.  

Miura, T., Iwaya, A., Shimizu, T., Tsuchiya, J., Nakamura, J., Yamada, S., et al. (2010). Intestinal 

anisakiasis can cause intussusception in adults: an extremely rare condition. World Journal of 

Gastroenterology, 16(14), 1804.  

Miyamoto, K., Kirinoki, M., Matsuda, H., Hayashi, N., Chigusa, Y., Sinuon, M., et al. (2014). Field 

survey focused on Opisthorchis viverrini infection in five provinces of Cambodia. 

Parasitology International, 63(2), 366-373.  

�0�O�D�G�L�Q�H�R�����,�������3�R�S�R�Y�L�ü�����0�������'�U�P�L�ü-Hofman, I., & Poljak, V. (2016). A case report of Anisakis pegreffii 

(Nematoda, Anisakidae) identified from archival paraffin sections of a Croatian patient. BMC 

Infectious Diseases, 16(42), 1-5.  

Mo, T. A., Fossøy, F., & Poppe, T. T. (2021). Increasing intensities of Anisakis simplex (Rudolphi, 

1809 det. Krabbe, 1878) larvae with weight and sea age in returning adult Atlantic salmon, 

Salmo salar L., of coastal waters of Norway. Journal of Fish Diseases, 44(8), 1075-1089 

Mohammad, R., Iraj, M., Mahzad, A., Behyar, J., Bagher, A., & Saeed, S. (2011). Occurrence and 

intensity rate of internal metazoan parasites in Rutilus frisii kutum and the first report 

Dioctophyme renale of (Nematoda: Dioctophymidae) in Iran. World Journal of Zoology, 6(1), 

91-97.  

Mohanty, B., & Sahoo, P. (2007). Edwardsiellosis in fish: a brief review. Journal of biosciences, 

32(3), 1331-1344.  

Molina-Fernández, D., Malagón, D., Gómez-Mateos, M., Benítez, R., Martín-Sánchez, J., & Adroher, 

F. J. (2015). Fishing area and fish size as risk factors of Anisakis infection in sardines 

(Sardina pilchardus) from Iberian waters, southwestern Europe. International Journal of 

Food Microbiology, 203, 27-34.  

Moncada, L. I., Lopez, M. C., Murcia, M. I., Nicholls, S., Leon, F., Guio, O. L., et al. (2001). 

Myxobolus sp., Another Opportunistic Parasite in Immunosuppressed Patients? Journal of 

Clinical Microbiology, 39(5), 1938.  

Mondragón-Martínez, A., Martínez-Rojas, R., Garcia-Candela, E., Delgado-Escalante, A., Tantaleán-

Vidaurre, M., & Cruz-Neyra, L. (2020). Molecular Identification of Adenocephalus pacificus 

(Cestoda) from Three Human Cases in Lima Province, Peru. Korean Jornal of Parasitology, 

58(4), 457-460.  

Moneo, I., Caballero, M. L., González-Muñoz, M., Rodríguez-Mahillo, A. I., Rodríguez-Perez, R., & 

Silva, A. (2005). Isolation of a heat-resistant allergen from the fish parasite Anisakis simplex. 

Parasitology Research, 96(5), 285-289.  



365 
 

Monghit-Camarin, M.-A. A., Cruz-Lacierda, E. R., Pakingking Jr, R., Cuvin-Aralar, M. L., Traifalgar, 

R. F., Añasco, N. C., et al. (2020). Bacterial microbiota of hatchery-reared freshwater prawn 

Macrobrachium rosenbergii (de Man, 1879). Asian Fisheries Science, 33(3), 241-248.  

Montalto, M., Miele, L., Marcheggiano, A., Santoro, L., Curigliano, V., Vastola, M., et al. (2005). 

Anisakis infestation: a case of acute abdomen mimicking Crohn's disease and eosinophilic 

gastroenteritis. Digestive and Liver Disease, 37(1), 62-64.  

Montero, E., Montero, J., Rosales, M. J., & Mascaró, C. (2001). Human gnathostomosis in Spain: first 

report in humans. Acta Tropica, 78(1), 59-62.  

Montoro, A., Perteguer, M., Chivato, T., Laguna, R., & Cuellar, C. (1997). Recidivous acute urticaria 

caused by Anisakis simplex. Allergy, 52(10), 985-991.  

Moore, C. A., Khalid, M. F., Patel, P. D., & Goldstein, J. S. (2017). Aeromonas salmonicida 

bacteremia associated with chronic well water consumption in a patient with diabetes. Journal 

of Global Infectious Diseases, 9(2), 82-84.  

Moore, C. V., Thompson, R. C. A., Jabbar, A., Williams, J., Rasiah, K., Pallant, L., et al. (2016). Rare 

human infection with pacific broad tapeworm Adenocephalus pacificus, Australia. Emerging 

Infectious Diseases, 22(8), 1510-1512.  

Morales, W. J., Dickey, S. S., Bornick, P., & Lim, D. V. (1999). Change in antibiotic resistance of 

group B streptococcus: impact on intrapartum management. American Journal of Obstetrics 

and Gynecology, 181(2), 310-314.  

Moratal, S., Dea-Ayuela, M. A., Cardells, J., Marco-Hirs, N. M., Puigcercós, S., Lizana, V., et al. 

(2020). Potential risk of three zoonotic protozoa (Cryptosporidium spp., Giardia duodenalis, 

and Toxoplasma gondii) transmission from fish consumption. Foods, 9(12), 1913.  

Mordvinov, V. A., Yurlova, N. I., Ogorodova, L. M., & Katokhin, A. V. (2011). Opisthorchis felineus 

and Metorchis bilis are the main agents of liver fluke infection of humans in Russia. 

Parasitology International, 61, 25-31.  

Morris Jr, J. G., & Acheson, D. (2003). Cholera and other types of vibriosis: a story of human 

pandemics and oysters on the half shell. Clinical Infectious Diseases, 37(2), 272-280.  

Moschella, C., Mattiucci, S., Mingazzini, P., De Angelis, G., Assenza, M., Lombardo, F., et al. 

(2004). Intestinal anisakiasis in Italy: case report. Journal of Helminthology, 78(3), 271-273.  

Mossali, C., Palermo, S., Capra, E., Piccolo, G., Botti, S., Bandi, C., et al. (2010). Sensitive detection 

and quantification of anisakid parasite residues in food products. Foodborne Pathogens and 

Disease, 7(4), 391-397.  

Mousavi, H. (2003). Parasites of ornamental fish in Iran. Bulletin of the European Association of Fish 

Pathologists, 23(6), 297-300.  

Moyer, N. P. (1987). Clinical significance of Aeromonas species isolated from patients with diarrhea. 

Journal of Clinical Microbiology, 25(11), 2044-2048.  



366 
 

MRAG. (2005). Review of impacts of Illegal, Unreported and Unregulated fishing on developing 

countries Department for International Development & Marine Resources and Fisheries 

Consultants United Kingdom: pp 1-176 

MSC. (2018a). Marine Stewardship Council. Retrieved from https://www.msc.org/home 12/8/2018 

MSC. (2018b). Track a fishery Marine Stewardship Council. Retrieved from 

https://fisheries.msc.org/en/fisheries/@@search 12/8/2018 

Muchesa, P., Leifels, M., Jurzik, L., Hoorzook, K. B., Barnard, T. G., & Bartie, C. (2017). 

Coexistence of free-living amoebae and bacteria in selected South African hospital water 

distribution systems. Parasitology Research, 116(1), 155-165.  

Mugetti, D., Colussi, S., Pastorino, P., Varello, K., Tomasoni, M., Menconi, V., et al. (2022). Episode 

of mortality associated with isolation of Streptococcus iniae in Adriatic sturgeon (Acipenser 

naccarii Bonaparte, 1836) reared in Northern Italy. Journal of Fish Diseases, 45(6), 939-942.  

Muñoz-Caro, T., Machuca, A., Morales, P., Verdugo, J., Reyes, R., García, M., et al. (2022). 

Prevalence and molecular identification of zoonotic Anisakis and Pseudoterranova species in 

fish destined to human consumption in Chile. Parasitology Research, 121(5), 1295-1304.  

Murata, R., Suzuki, J., Kodo, Y., Kobayashi, K., Sadamasu, K., Takano, T., et al. (2021). Probable 

association between Anisakis infection in the muscle of skipjack tuna (Katsuwonus pelamis) 

and human anisakiasis in Tokyo, Japan. International Journal of Food Microbiology, 337, 

108930.  

Murata, R., Suzuki, J., Sadamasu, K., & Kai, A. (2011). Morphological and molecular 

characterization of Anisakis larvae (Nematoda: Anisakidae) in Beryx splendens from Japanese 

waters. Parasitology International, 60(2), 193-198.  

Murray, T., Bartle, J., Kalish, S., & Taylor, P. (1993). Incidental capture of seabirds by Japanese 

southern bluefin tuna longline vessels in New Zealand waters, 1988-1992. Bird Conservation 

International, 3(3), 181-210.  

Murrell, C., & Sohn. (2010). Fishborne zoonotic paraistes in South East Asian freshwater aquaculture: 

Detection and risk mitigation throughout the commercial production chain [powerpoint]. 

Retrieved from http://old.iss.it/binary/crlp/cont/Murrell_EU_Rome.pdf 

Muthu, M. P., George, M. R., & John, R. (2020). Biosecurity strategies in aquaculture for fish health 

management. Journal of Aquaculture in the Tropics, 35(1-4), 9-26.  

Nabilah Mohd Noor, N., Hazirah Kamaruzaman, N., Al-Gheethi, A., Maya Saphira Radin Mohamed, 

R., & Hossain, M. S. (2022). Degradation of antibiotics in aquaculture wastewater by bio-

nanoparticles: A critical review. Ain Shams Engineering Journal, 14(7), 101981.  

Nadkarni, A. S., & Shah, M. K. (2007). Concomitant bacteremia caused by Vibrio fluvialis and Vibrio 

alginolyticus in a patient on hemodialysis: a first case report and review of literature. 

Infectious Diseases in Clinical Practice, 15(2), 129-131.  



367 
 

Nairn, M. E., Allen, P. G., Inglis, A. R., & Tanner, C. (1996). Australian Quarantine a Shared 

Responsibility Department of Primary Industries and Energy Canberra Canberra, Australia: pp 

1-288 

Najiah, M., Aqilah, N., Lee, K., Khairulbariyyah, Z., Mithun, S., Jalal, K., et al. (2012). Massive 

mortality associated with Streptococcus agalactiae infection in cage-cultured red hybrid 

tilapia Oreochromis niloticus in Como River, Kenyir Lake, Malaysia. Journal of Biological 

Sciences, 12(8), 438-442.  

Nakamura, H., Takanashi, K., Morita, R., Sakurada, A., Hirata, Y., Komatsu, Y., et al. (2022). A case 

of anisakiasis in the sigmoid colon. Clinical Case Reports, 10(2), e05445.  

Nashaat, M., & Maghawri, A. (2022). Hematological, biochemical, and histopathological alterations 

caused by the nematode parasite Capillaria sp. in the red tilapia (Oreochromis sp.) in Egypt. 

Egyptian Journal of Aquatic Biology and Fisheries, 26(4), 215-227.  

Nathwani, D., Laing, R. B., Harvey, G., & Smith, C. C. (1991). Treatment of symptomatic enteric 

Aeromonas hydrophila infection with ciprofloxacin. Scandinavian Journal of Infectious 

Diseases, 23(5), 653-654.  

Nawa, Y., Hatz, C., & Blum, J. (2005). Sushi delights and parasites: The risk of fishborne and 

foodborne parasitic zoonoses in Asia. Clinical Infectious Diseases, 41(9), 1297�±1303.  

Nayak, S. K., Swain, P., & Mukherjee, S. C. (2007). Effect of dietary supplementation of probiotic 

and vitamin C on the immune response of Indian major carp, Labeo rohita (Ham.). Fish & 

Shellfish Immunology, 23(4), 892-896.  

Neemuchwala, A., Teatero, S., Patel, S. N., & Fittipaldi, N. (2016). Fluoroquinolone resistance among 

clonal complex 1 Group B Streptococcus strains. Canadian Journal of Infectious Diseases 

and Medical Microbiology, 2016(6403928), 1-6.  

Neoh, H.-m., Tan, X.-E., Sapri, H. F., & Tan, T. L. (2019). Pulsed-field gel electrophoresis (PFGE): 

�$���U�H�Y�L�H�Z���R�I���W�K�H���³�J�R�O�G���V�W�D�Q�G�D�U�G�´���I�R�U���E�D�F�W�H�U�L�D���W�\�S�L�Q�J���D�Q�G���F�X�U�U�H�Q�W���D�O�W�H�U�Q�D�W�L�Y�H�V����Infection, 

Genetics and Evolution, 74, 103935.  

Nerquaye-Tetteh, G., Tete-Marmon, J., & Eyeson, K. (1978). Studies on Bomone, a Ghanaian 

fermented fish product. Ghana Journal of Agricultural Sciences,, 11, 21-26.  

Neville, L., & McAnulty, J. (2004). EpiReview: Communicable enteric disease surveillance, NSW, 

2000�±2002. New South Wales Public Health Bulletin, 15(2), 18-23.  

�1�H�Z�D�M�(�)�\�]�X�O�����$�������0�X�W�D�Q�L�����$�������5�D�P�V�X�E�K�D�J�����$�������	���$�G�H�V�L�\�X�Q�����$���������������������3�U�H�Y�D�O�H�Q�F�H���R�I���E�D�F�W�H�U�L�D�O��

�S�D�W�K�R�J�H�Q�V���D�Q�G���W�K�H�L�U���D�Q�W�L�(�P�L�F�U�R�E�L�D�O���U�H�V�L�V�W�D�Q�F�H���L�Q���W�L�O�D�S�L�D���D�Q�G���Wheir pond water in Trinidad. 

Zoonoses and Public Health, 55(4), 206-213.  

Neyts, K., Huys, G., Uyttendaele, M., Swings, J., & Debevere, J. (2000). Incidence and identification 

of mesophilic Aeromonas spp. from retail foods. Letters in Applied Microbiology, 31(5), 359-

363.  



368 
 

Ngoc, N. T. M., Chuyen, N. V., Thao, N. T. T., Duc, N. Q., Trang, N. T. T., Binh, N. T. T., et al. 

(2020). Chromium, cadmium, lead, and arsenic concentrations in water, vegetables, and 

seafood consumed in a coastal area in Northern Vietnam. Environmental Health Insights, 14, 

1-9.  

Nguyen, D. T. A., Kanki, M., Nguyen, P. D., Le, H. T., Ngo, P. T., Tran, D. N. M., et al. (2016). 

Prevalence, antibiotic resistance, and extended-�V�S�H�F�W�U�X�P���D�Q�G���$�P�S�&����-lactamase productivity 

of Salmonella isolates from raw meat and seafood samples in Ho Chi Minh City, Vietnam. 

International Journal of Food Microbiology, 236, 115-122.  

Nguyen, H. H., Fadul, N., Ashraf, M. S., & Siraj, D. S. (2015). Osteomyelitis infection of 

Mycobacterium marinum: a case report and literature review. Case Reports in Infectious 

Diseases, 905920, 1-5.  

Nguyen, H. T., Kanai, K., & Yoshikoshi, K. (2002). Ecological investigation of Streptococcus iniae in 

cultured Japanese flounder (Paralichthys olivaceus) using selective isolation procedures. 

Aquaculture, 205(1-2), 7-17.  

Nico, L., Sharp, P., & Collins, T. (2011). Imported Asian swamp eels (Synbranchidae: Monopterus) in 

North American live food markets: Potential vectors of non-native parasites. Aquatic 

Invasions Journal, 6(1), 69-76.  

Nielsen, A., Trolle, D., Me, W., Luo, L., Han, B.-P., Liu, Z., et al. (2013). Assessing ways to combat 

eutrophication in a Chinese drinking water reservoir using SWAT. Marine and Freshwater 

Research, 64(5), 475-492.  

Nik Mohamad Nek Rahimi, N., Natrah, I., Loh, J.-Y., Ervin Ranzil, F. K., Gina, M., Lim, S.-H. E., et 

al. (2022). Phytocompounds as an alternative antimicrobial approach in aquaculture. 

Antibiotics, 11(4), 469-493.  

Noboru, K., & Hiroshi, I. (1992). A case of abdominal syndrome caused by the presence of a large 

number of Anisakis larvae. International Journal for Parasitology, 22(2), 251-253.  

Noor Uddin, G. M., Larsen, M. H., Barco, L., Minh Phu, T., & Dalsgaard, A. (2015). Clonal 

occurrence of Salmonella Weltevreden in cultured shrimp in the Mekong Delta, Vietnam. 

PloS one, 10(7), e0134252.  

Noorlis, A., Ghazali, F. M., Cheah, Y., Tuan Zainazor, T., Ponniah, J., Tunung, R., et al. (2011). 

Prevalence and quantification of Vibrio species and Vibrio parahaemolyticus in freshwater 

fish at hypermarket level. International Food Research Journal, 18(2).  

Norouzi, R., Manochehri, A., & Hanifi, M. (2017). A case report of human infection with Dioctophye  

renale from Iran. Urology Journal, 14(2), 3043.  

Noseda, B., Islam, M. T., Eriksson, M., Heyndrickx, M., De Reu, K., Van Langenhove, H., et al. 

(2012). Microbiological spoilage of vacuum and modified atmosphere packaged Vietnamese 

Pangasius hypophthalmus fillets. Food Microbiology, 30(2), 408-419.  



369 
 

Nøstbakken, L. (2008). Fisheries law enforcement�² A survey of the economic literature. Marine 

Policy, 32(3), 293-300.  

Novotny, L., Dvorska, L., Lorencova, A., Beran, V., & Pavlik, I. (2004). Fish: A potential source of 

bacterial pathogens for human beings. Veterinary Medicine, 49, 343-358.  

Nseir, W., Taha, H., Abid, A., & Khateeb, J. (2011). Pseudomonas mendocina sepsis in a healthy 

man. The Israel Medical Association Journal, 13(6), 375-376.  

NSW DPI. (2017a). Ornamental Fish Update �± Important Information Regarding Pest Fish New 

South Wales Government, Department of Primary Industries NSW: pp 1-6 

NSW DPI. (2017b). Risk Assessment of the seafood safety scheme Department of Primary Industry 

Food Authority Silverwater NSW: pp 1-94 

Nuchprayoon, S., Sanprasert, V., Kaewzaithim, S., & Saksirisampant, W. (2009). Screening for 

intestinal parasitic infections among Myanmar migrant workers In Thai food industry: A 

high-risk transmission. Journal of Immigrant and Minority Health, 11(2), 115-121.  

Ogata, K., Nawa, Y., Akahane, H., Diaz Camacho, S. P., Lamothe-Argumedo, R., & Cruz-Reyes, A. 

(1998). Short report: gnathostomiasis in Mexico. American Journal of Tropical Medicine and 

Hygiene, 58(3), 316.  

Oh, S.-R., Zhang, C.-Y., Kim, T.-I., Hong, S.-J., Ju, I.-S., Lee, S.-H., et al. (2014). Inactivation of 

Anisakis larvae in salt-fermented squid and pollock tripe by freezing, salting, and combined 

treatment with chlorine and ultrasound. Food Control, 40, 46-49.  

Ohnishi, T., Kikuchi, Y., Furusawa, H., Kamata, Y., & Sugita-Konishi, Y. (2013). Kudoa 

septempunctata invasion increases the permeability of human intestinal epithelial monolayer. 

Foodborne Pathogens and Disease, 10(2), 137-142.  

Oidtmann, B., Peeler, E., Lyngstad, T., Brun, E., Bang Jensen, B., & Stärk, K. D. C. (2013). Risk-

based methods for fish and terrestrial animal disease surveillance. Preventive Veterinary 

Medicine, 112(1), 13-26.  

Okafor-Yarwood, I. (2020). The cyclical nature of maritime security threats: illegal, unreported, and 

unregulated fishing as a threat to human and national security in the Gulf of Guinea. African 

Security, 13(2), 116-146.  

Oladele, O., Ajayi, O., Olude, O., Stephen, O., Adediji, A., Arasi, I., et al. (2012). Jaundice syndrome 

in African sh�D�U�S�(�W�R�R�W�K���F�D�W�I�L�V�K����Clarias gariepinus (Burchell), associated with haemolytic 

Staphylococcus aureus. Journal of Fish Diseases, 35(12), 945.  

Olivero-Verbel, J., Baldiris-Ávila, R., Güette-Fernández, J., Benavides-Alvarez, A., Mercado-

Camargo, J., & Arroyo-Salgado, B. (2006). Contracaecum sp. infection in Hoplias 

malabaricus (moncholo) from rivers and marshes of Colombia. Veterinary Parasitology, 

140(1), 90-97.  



370 
 

Onjong, H. A., Wangoh, J., & Njage, P. M. K. (2014). Semiquantitative analysis of gaps in 

microbiological performance of fish processing sector implementing current food safety 

management systems: a case study. Journal of Food Protection, 77(8), 1380-1389.  

�2�U�R�V�R�Y�i�����0�������0�D�U�N�R�Y�i�����$�������3�U�R�Y�D�]�Q�t�N�R�Y�i�����,�������2�U�R�V�����0�������5�D�G�D�þ�R�Y�V�N�i�����$�������ý�D�G�N�R�Y�i�����=�������H�W���D�O��������������������

Molecular cytogenetic analysis of a triploid population of the human broad tapeworm, 

Dibothriocephalus latus (Diphyllobothriidea). Parasitology, 148(7), 787-797.  

Orsini, J., Tam, E., Hauser, N., & Rajayer, S. (2014). Polymicrobial bacteremia involving 

Comamonas testosteroni. Case Reports in Medicine, 2014, 578127.  

Pablos, M., Huys, G., Cnockaert, M., Rodríguez-Calleja, J. M., Otero, A., Santos, J. A., et al. (2011). 

Identification and epidemiological relationships of Aeromonas isolates from patients with 

diarrhea, drinking water and foods. International Journal of Food Microbiology, 147(3), 203-

210.  

Pakharukova, M. Y., & Mordvinov, V. A. (2016). The liver fluke Opisthorchis felineus: biology, 

epidemiology and carcinogenic potential. Transactions of the Royal Society of Tropical 

Medicine and Hygiene, 110(1), 28-36.  

Pal, A., & Marshall, D. L. (2009). Comparison of culture media for enrichment and isolation of 

Salmonella spp. from frozen channel catfish and Vietnamese basa fillets. Food Microbiology, 

26(3), 317-319.  

Palm, H., Andersen, K., Klöser, H., & Plötz, J. (1994). Occurrence of Pseudoterranova decipiens 

(Nematoda) in fish from the southeastern Weddell Sea (Antarctic). Polar Biology, 14(8), 539-

544.  

Pampiglione, S., Rivasi, F., Criscuolo, M., De Benedittis, A., Gentile, A., Russo, S., et al. (2002). 

Human anisakiasis in Italy: A report of eleven new cases. Pathology - Research and Practice, 

198(6), 429-434.  

Panseri, S., Chiesa, L., Ghisleni, G., Marano, G., Boracchi, P., Ranghieri, V., et al. (2019). Persistent 

organic pollutants in fish: biomonitoring and cocktail effect with implications for food safety. 

Food Additives & Contaminants: Part A, 36(4), 601-611.  

Papachristou, G., Schoedel, K., Ramanathan, R., & Rabinovitz, M. (2005). Clonorchis sinensis -

Associated cholangiocarcinoma: A case report and review of the literature. Digestive 

Diseases and Sciences, 50(11), 2159-2162.  

Parikka, M., Hammaren, M. M., Harjula, S.-K. E., Halfpenny, N. J., Oksanen, K. E., Lahtinen, M. J., 

et al. (2012). Mycobacterium marinum causes a latent infection that can be reactivated by 

gamma irradiation in adult zebrafish. PLoS Pathogens, 8(9), e1002944.  

Park, C.-W., Kim, J.-S., Joo, H.-S., & Kim, J. (2009). A Human case of Clinostomum complanatum 

infection in Korea. The Korean Journal of Parasitology, 47(4), 401-404.  

Park, G.-M. (2006). Genetic comparison of liver flukes, Clonorchis sinensis and Opisthorchis 

viverrini, based on rDNA and mtDNA gene sequences. Parasitology Research, 100(2), 351.  



371 
 

Park, H. Y., Seo, J. W., Lee, B. H., Lee, J. Y., Kim, S. Y., Cha, S. J., et al. (2013a). Simultaneous 

occurrence of malignant fibrous histiocytoma of the ureter and Dioctophyme Renale infection: 

a case report. Journal of the Korean Society of Radiology, 68(5), 411-415.  

Park, S. H., Eom, K. S., Park, M. S., Kwon, O. K., Kim, H. S., & Yoon, J. H. (2013b). A case of 

Diphyllobothrium nihonkaiense infection as confirmed by mitochondrial COX1 gene 

sequence analysis. The Korean Journal of Parasitology, 51(4), 471.  

Park, S. H., Jeon, H. K., & Kim, J. B. (2015). Four additional cases of Diphyllobothrium nihonkaiense 

infection confirmed by analysis of COX1 gene in Korea. The Korean Journal of Parasitology, 

53(1), 105.  

Parl. of Aust. (2015). Environmental Biosecurity (978-1-76010-209-8) Parliament of Australia.The 

Senate. Environment and Communication Reference Committee, 978-1-76010-209-8. 

Canberra, ACT: May, 2015. pp 1-73 

Parlapani, F. F., Meziti, A., Kormas, K. A., & Boziaris, I. S. (2013). Indigenous and spoilage 

microbiota of farmed sea bream stored in ice identified by phenotypic and 16S rRNA gene 

analysis. Food Microbiology, 33(1), 85-89.  

Parolin, M., Baraldi, M., Valentini, E., Murer, L., & Vidal, E. (2016). Comamonas testosteroni-

associated peritonitis in a pediatric peritoneal dialysis patient. World Journal of Nephrology, 

5(2), 220�±223.  

Pascoe, S., Kahui, V., Hutton, T., & Dichmont, C. (2016). Experiences with the use of bioeconomic 

models in the management of Australian and New Zealand fisheries. Fisheries Research, 183, 

539-548.  

�3�D�V�W�R�U�(�9�D�O�O�H�����-�������*�R�Q�]�i�O�H�]�����/�����0�������0�D�U�W�t�Q�(�&�O�H�P�H�Q�W�H�����-�����3�������0�H�U�L�Q�R�����)�����-�������*�R�W�W�V�W�H�L�Q�����%�������	���*�i�U�D�W�H�����7����

(2014). Molecular diagnosis of diphyllobothriasis in Spain, most presumably acquired via 

imported fish, or sojourn abroad. New Microbes and New Infections, 2(1), 1-6.  

Patel, W., Aboud, M., Alnafisah, H., & Razak, A. (2022). Rhizobium radiobacter sepsis in a neonate: 

A case report and literature review. Journal of Neonatology, 36(3), 240-243.  

Paterson, R. A., Knudsen, R., Blasco-Costa, I., Dunn, A. M., Hytterød, S., & Hansen, H. (2019). 

Determinants of parasite distribution in Arctic charr populations: catchment structure versus 

dispersal potential. Journal of Helminthology, 93(5), 559-566.  

Paugam, A., & Yéra, H. (2021). A new French case of Dibothriocephalus nihonkaiensis 

(Diphyllobothrium nihonkaiense) Teniasis due to Pacific salmon consumption: An emerging 

and underdiagnosed parasitosis. Infectious Diseases Now, 51(6), 579-580.  

Paugam, A., Yera, H., Poirier, P., Lebuisson, A., & Dupouy-Camet, J. (2009). Diphyllobothrium 

nihonkaiense Bothricephalosis: a new risk linked to the consumption of salmon. La Presse 

Médicale, 38(4), 675-677.  

Pauzi, N. A., Mohamad, N., Azzam-Sayuti, M., Yasin, I. S. M., Saad, M. Z., Nasruddin, N. S., et al. 

(2020). Antibiotic susceptibility and pathogenicity of Aeromonas hydrophila isolated from 



372 
 

red hybrid tilapia (Oreochromis niloticus× Oreochromis mossambicus) in Malaysia. 

Veterinary world, 13(10), 2166�±2171.  

Pearce, J., Mitchell, W., Duffy, H., Collins, C., & Wood, N. (2015). Review of impacts of Illegal, 

Unreported and Unregulated fishing on developing countries in Asia BOBLME-2015-

Governance-15. pp 1-527 

Pearlman, M. D., Pierson, C. L., & Faix, R. G. (1998). Frequent resistance of clinical group B 

streptococci isolates to clindamycin and erythromycin. Obstetrics & Gynecology, 92(2), 258-

261.  

Pearson, E., Punpuing, S., Jampaklay, A., Kittisuksathit, S., & Prohmmo, A. (2006). The Mekong 

challenge: Underpaid, overworked and overlooked: The realities of young migrant workers in 

Thailand International Programme on the Elimination of Child Labor pp 1-176 

Pedersen, K., Austin, B., Austin, D. A., & Larsen, J. L. (1999). Vibrios associated with mortality in 

cultured plaice Pleuronectes platessa fry. Acta Veterinaria Scandinavica, 40(3), 263-270.  

�3�
�N�D�O�D�����$�������3�D�(�G�]�L�R�U�����(�������$�Q�W�\�F�K�R�Z�L�F�]�����-�������%�H�U�Q�D�G�����$�������*�á�R�Z�D�F�N�D�����+�������:�L�
�F�H�N�����%�������H�W���D�O��������������������

Kocuria rhizophila and Micrococcus luteus as emerging opportunist pathogens in brown trout 

(Salmo trutta) Linnaeus, 1758) and rainbow trout (Oncorhynchus mykiss) Walbaum, 1792). 

Aquaculture, 486, 285-289.  

Pennotti, R., Scallan, E., Backer, L., Thomas, J., & Angulo, F. J. (2013). Ciguatera and scombroid 

fish poisoning in the United States. Foodborne Pathogens and Disease, 10(12), 1059-1066.  

Perera, R. P., Johnson, S. K., Collins, M. D., & Lewis, D. H. (1994). Streptococcus iniae associated 

with mortality of Tilapia nilotica× T. aurea hybrids. Journal of Aquatic Animal Health, 6(4), 

335-340.  

Perera, R. P., Jones, B., Beers, P., Kleeman, S., & McGladdery, S. (2008). Maintaining biosecurity in 

aquaculture systems: a constraint or a challenge. In M.G. Bondad-Reantaso, C.V. Mohan, M. 

Crumlish, & R.P. Subasinghe (Eds.), Diseases in Asian Aquaculture VI. Fish Health Section, 

Asian Fisheries Society (pp. 3-20). Manila, Philippines. 

Pessoa, R. B. G., Marques, D. S. C., Lima, R. O. H. A., Oliveira, M. B. M., Lima, G. M. S., Maciel de 

Carvalho, E. V. M., et al. (2020). Molecular characterization and evaluation of virulence traits 

of Aeromonas spp. isolated from the tambaqui fish (Colossoma macropomum). Microbial 

Pathogenesis, 147, 104273.  

Petersen, A., Andersen, J. S., Kaewmak, T., Somsiri, T., & Dalsgaard, A. (2002). Impact of integrated 

fish farming on antimicrobial resistance in a pond environment. Applied and Environmental 

Microbiology, 68(12), 6036-6042.  

Peterson, E., & Kaur, P. (2018). Antibiotic resistance mechanisms in bacteria: Relationships between 

resistance determinants of antibiotic producers, environmental bacteria, and clinical pathogen. 

Frontiers in Microbiology, 9(2928), 1-21.  



373 
 

Petrie, A., Wootten, R., Bruno, D., MacKenzie, K., & Bron, J. (2007). A Survey of Anisakis and 

Pseudoterranova in Scottish fisheries and the efficacy of current detection methods Food 

Standards Scotland: Aberdeen, UK Aberdeen, Scotland: FSAS Project S14008. pp 1-121 

Petrossian, G. A. (2015). Preventing illegal, unreported and unregulated (IUU) fishing: A situational 

approach. Biological Conservation, 189, 39-48.  

�3�H�W�U�R�V�V�L�D�Q�����*�����$�������0�D�U�W�H�D�F�K�H�����1�������	���9�L�R�O�O�D�]�����-���������������������:�K�H�U�H���G�R���³�X�Q�G�R�F�X�P�H�Q�W�H�G�´���I�L�V�K���O�D�Q�G�"���$�Q��

empirical assessment of port characteristics for IUU fishing. European Journal on Criminal 

Policy and Research, 21(3), 337-351.  

Phan, T. T., Khai, L. T. L., Ogasawara, N., Tam, N. T., Okatani, A. T., Akiba, M., et al. (2005). 

Contamination of Salmonella in Retail Meats and Shrimps in the Mekong Delta, Vietnam. 

Journal of Food Protection, 68(5), 1077-1080.  

Phan, V. T., Ersbøll, A. K., Bui, T. Q., Nguyen, H. T., Murrell, D., & Dalsgaard, A. (2010). Fish-

borne zoonotic trematodes in cultured and wild-caught freshwater fish from the Red River 

Delta, Vietnam. Vector-Borne and Zoonotic Diseases, 10(9), 861-866.  

Phuoc, N. N., Linh, N. T. H., Crestani, C., & Zadoks, R. N. (2021). Effect of strain and enviromental 

conditions on the virulence of Streptococcus agalactiae (Group B Streptococcus; GBS) in red 

tilapia (Oreochromis sp.). Aquaculture, 534, 736256.  

Piamsomboon, P., Jaresitthikunchai, J., Hung, T. Q., Roytrakul, S., & Wongtavatchai, J. (2020a). 

Identification of bacterial pathogens in cultured fish with a custom peptide database 

constructed by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry 

(MALDI -TOF MS). BMC Veterinary Research, 16(1), 1-10.  

Piamsomboon, P., Thanasaksiri, K., Murakami, A., Fukuda, K., Takano, R., Jantrakajorn, S., et al. 

(2020b). Streptococcosis in freshwater farmed seabass Lates calcarifer and its virulence in 

Nile tilapia Oreochromis niloticus. Aquaculture, 523, 735189.  

Piantieri, G., Pedersoli, G., Cafarelli, A., Bossi, G., & Bignamini, M. (1982). Isolation and 

significance of Vibrio cholera NAG (English abstract). Giornale di batteriologia, virologia ed 

immunologia, 75(1-6), 128-134.  

Pike, I. H., & Jackson, A. (2010). Fish oil: production and use now and in the future. Lipid 

Technology, 22(3), 59-61.  

Pinkus, G. S., Coolidge, C., & Little, M. D. (1975). Intestinal anisakiasis. First case report from North 

America. The American Journal of Medicine, 59(1), 114-120.  

Pitcher, T., Kalikoski, D., Ganapathiraju, P., & Short, K. (2008). Safe conduct? Twelve years fishing 

under the UN Code WWF-International and University of British Columbia Switzerland: 8 

October. pp 1-65 

Plath, F., Holle, A., Zendeh, D., Möller, F. W., Barten, M., Reisinger, E. C., et al. (2001). Anisakiasis 

of the stomach - a case report from Germany. Zeitschrift fur Gastroenterologie, 39(2), 177-

180.  



374 
 

Pokrant, B., & Reeves, P. (2003). Work and labour in the Bangladesh brackish-water shrimp export 

sector. Journal of South Asian Studies, 26(3), 359-389.  

Pontone, S., Leonetti, G., Guaitoli, E., Mocini, R., Manfredelli, S., Catania, A., et al. (2012). Should 

the host reaction to anisakiasis influence the treatment?: Different clinical presentations in 

two cases. Revista Española de Enfermedades Digestivas, 104, 607-610.  

Pospekhov, V. (2018). Helminthofauna of rainbow smelt (Osmerus mordax dentex) at the northern 

coast of the Okhotsk Sea. Izvestiya TINRO, 194(3), 130-138.  

Pozio, E., Armignacco, O., Ferri, F., & Gomez Morales, M. A. (2013). Opisthorchis felineus, an 

emerging infection in Italy and its implication for the European Union. Acta Tropica, 126(1), 

54-62.  

Pradeep, P. J., Suebsing, R., Sirthammajak, S., Kampeera, J., Jitrakorn, S., Saksmerprome, V., et al. 

(2016). Evidence of vertical transmission and tissue tropism of streptococcosis from naturally 

infected red tilapia (Oreochromis spp.). Aquaculture Reports, 3, 58-66.  

Prasongwatana, J., Laummaunwai, P., Boonmars, T., & Pinlaor, S. (2013). Viable metacercariae of 

Opisthorchis viverrini in northeastern Thai cyprinid fish dishes�² as part of a rational program 

for control of O. viverrini-associated cholangiocarcinoma. Parasitology Research, 112(3), 

1323-1327.  

Prayaga, P., Rolfe, J., & Stoeckl, N. (2010). The value of recreational fishing in the Great Barrier 

Reef, Australia: A pooled revealed preference and contingent behaviour model. Marine 

Policy, 34(2), 244-251.  

Preena, P., Arathi, D., Raj, N. S., Arun Kumar, T., Arun Raja, S., Reshma, R., et al. (2020a). Diversity 

�R�I���D�Q�W�L�P�L�F�U�R�E�L�D�O�(�U�H�V�L�V�W�D�Q�W���S�D�W�K�R�J�H�Q�V���I�U�R�P���D���I�U�H�V�K�Z�D�W�H�U���R�U�Q�D�P�H�Q�W�D�O���I�L�V�K���I�D�U�P����Letters in 

Applied Microbiology, 71(1), 108-116.  

Preena, P. G., Swaminathan, T. R., Kumar, V. J. R., & Singh, I. S. B. (2020b). Antimicrobial 

resistance in aquaculture: a crisis for concern. Biologia, 75(9), 1497-1517.  

Puah, S.-M., Puthucheary, S. D., Liew, F.-Y., & Chua, K.-H. (2013). Aeromonas aquariorum clinical 

isolates: antimicrobial profiles, plasmids and genetic determinants. International Journal of 

Antimicrobial Agents, 41(3), 281-284.  

Pumidonming, W., Katahira, H., Igarashi, M., Salman, D., Abdelbaset, A. E., & Sangkaeo, K. (2018). 

Potential risk of a liver fluke Opisthorchis viverrini infection brought by immigrants from 

prevalent areas: A case study in the lower Northern Thailand. Acta Tropica, 178, 213-218.  

Pushpita, M., Samanta, M., Maiti, N. K., & Sarangi, N. (2009). Characterization of extracellular 

cytotoxic protein of Vibrio spp. isolated from freshwater carps and prawns. Indian Journal of 

Fisheries, 56(4), 307-311.  

Puttinaowarat, S., Thompson, K., Kolk, A., & Adams, A. (2002). Identification of Mycobacterium 

spp. isolated from snakehead, Channa striata (Fowler), and Siamese fighting fish, Betta 



375 
 

splendens (Regan), using polymerase chain reaction�±reverse cross blot hybridization (PCR�±

RCBH). Journal of Fish Diseases, 25(4), 235-243.  

Qadir, A., & Malik, R. N. (2011). Heavy metals in eight edible fish species from two polluted 

tributaries (Aik and Palkhu) of the River Chenab, Pakistan. Biological Trace Element 

Research, 143(3), 1524-1540.  

Qahtani, F., Deschênes, J., Ali-Khan, Z., Maclean, J. D., Codère, F., Mansour, M., et al. (2000). 

Intraocular gnathostomiasis: a rare Canadian case. Canadian Journal of Ophthalmology, 

35(1), 35-39.  

QLD Gov. (2010-2018). King threadfin monitoring. Species specific monitoring programs. The State 

of Queensland (Department of Agriculture and Fisheries) DAFF. Retrieved from 

https://www.daf.qld.gov.au/business-priorities/fisheries/monitoring-research/monitoring-

reporting/commercial-fisheries/species-specific/king-threadfin-monitoring-program-update 

22/7/2021 

QLD Gov. (2020). Invasive fish of Queensland. Prohibited and restricted invasive fish. Retrieved 

from https://www.daf.qld.gov.au/__data/assets/pdf_file/0008/1398842/prohibited-restricted-

invasive-fish.pdf 22/7/2021 

Quartey, S. H., & Wells, S. (2019). The fishing industry's perception of its contribution towards the 

sustainability of the Eyre Peninsula region, Australia. Australasian Journal of Regional 

Studies, 25(2), 135-176.  

Quiazon, K., Yoshinaga, T., Santos, M., & Ogawa, K. (2009). Identification of larval Anisakis 

spp.(Nematoda: Anisakidae) in Alaska pollock (Theragra chalcogramma) in northern Japan 

using morphological and molecular markers. Journal of Parasitology, 95(5), 1227-1232.  

Quintela, F. M., Lima, G. P., Silveira, M. L., Costa, P. G., Bianchini, A., Loebmann, D., et al. (2019). 

High arsenic and low lead concentrations in fish and reptiles from Taim wetlands, a Ramsar 

site in southern Brazil. Science of the Total Environment, 660, 1004-1014.  

�5�D�G�D�þ�R�Y�V�N�i�����$�������%�D�]�V�D�O�R�Y�L�F�V�R�Y�i�����(�������&�R�V�W�D�����,�����%�������2�U�R�V�R�Y�i�����0�������*�X�V�W�L�Q�H�O�O�L�����$�������	���.�U�i�O�R�Y�i-Hromadová, 

I. (2020). Occurrence of Dibothriocephalus latus in European perch from Alpine lakes, an 

important focus of diphyllobothriosis in Europe. Revue Suisse de Zoologie, 126(2), 219-225.  

�5�D�G�D�þ�R�Y�V�N�i�����$�������ý�L�V�R�Y�V�N�i���%�D�]�V�D�O�R�Y�L�F�V�R�Y�i�����(�������	���.�U�i�O�R�Y�i-Hromadová, I. (2022). Mitochondrial and 

microsatellite data show close genetic relationships between Dibothriocephalus latus from 

South America (Argentina) and Europe (the Alpine lakes region). Parasitology Research, 

121(12), 3635-3639.  

Rahim, Z., Aziz, K., & Chowdhury, M. (1986). Isolation of enterotoxigenic Vibrio fluvialis from 

diarrhoeal stool and fresh water prawn of Dhaka, Bangladesh. Paper presented at the 11. 

Annual Bangladesh Science Conference, Rajshahi (Bangladesh), 2-6 Mar 1986. 



376 
 

Rahman, M. S., Hasan, M., Mahmud, Z. H., & Islam, M. S. (2009). Incidence of Vibrio cholerae in 

twelve freshwater fishes in fish markets of Dhaka metropolitan city, Bangladesh. Bangladesh 

Journal of Zoology, 37(1), 113-121.  

Rahman, M. Z. (2014). Aquaculture drugs used for fish and shellfish health management in the 

Southwestern Bangladesh. Asian Journal of Biolical Sciences, 7, 225-232.  

Ramamurthy, T., Chowdhury, G., Pazhani, G., & Shinoda, S. (2014). Vibrio fluvialis: an emerging 

human pathogen. Frontiers in Microbiology, 5(91), 1-8.  

Rana, S. S., Bhasin, D. K., Bhatti, H. S., Gupta, K. K., Gupta, R. K., Nada, R. K., et al. (2009). 

Human intestinal capillariasis: diagnosis by jejunal fluid analysis obtained at enteroscopy and 

reversal of subtotal villous atrophy after treatment. Endoscopy, 41(S 02), E102-E103.  

Rao, M. V., Kumar, T. A., & Haq, M. B. (2013). Diseases in the aquarium fishes: Challenges and 

areas of concern: An overview. International Journal of Environment, 2(1), 127-146.  

Rao, S., Ngan, W. Y., Chan, L. C., Sekoai, P. T., Fung, A. H. Y., Pu, Y., et al. (2021). Questioning the 

source of identified non-foodborne pathogens from food-contact wooden surfaces used in 

Hong Kong's urban wet markets. One Health, 13, 100300.  

Rasmussen, R. S., & Morrissey, M. T. (2008). DNA based methods for the identification of 

commercial fish and seafood species. Comprehensive Reviews in Food Science and Food 

Safety, 7(3), 280-295.  

Ratnaraja, N., Blackmore, T., Byrne, J., & Shi, S. (2005). Vibrio fluvialis peritonitis in a patient 

receiving continuous ambulatory peritoneal dialysis. Journal of Clinical Microbiology, 43(1), 

514-515.  

Razzak, M., Yousuf, M., Jahan, S., & Nahar, N. (2019). Investigation of common diseases on cage 

reared Nile tilapia (Oreochromis niloticus) in Bakergonj, Barishal, Bangladesh. Bangladesh 

Journal of Fisheries, 31(2), 261-270.  

Reid, A., Lymbery, A., Ng, J., Tweedle, S., & Ryan, U. (2010). Identification of novel and zoonotic 

Cryptosporidium species in marine fish. Veterinary Parasitology, 168(3), 190-195.  

Reverter, M., Sarter, S., Caruso, D., Avarre, J.-C., Combe, M., Pepey, E., et al. (2020). Aquaculture at 

the crossroads of global warming and antimicrobial resistance. Nature Communications, 

11(1), 1-8.  

Reyes-Rodr�tGuez, N. E., Salgado-Miranda, C., Flores-Valle, I. T., Gonz�iLez-G�yMez, M., Soriano-

Vargas, E., Pel�iEz-Acero, A., et al. (2019). Molecular identification and virulence potential 

of the genus Aeromonas isolated from wild rainbow trout (Oncorhynchus mykiss) in Mexico. 

Journal of Food Protection, 82(10), 1706-1713.  

Riginella, E., Mazzoldi, C., & La Mesa, M. (2012). Populations structure of Chaenocephalus aceratus 

(Channichthyidae, teleostea) across the southern Scotia arc by means of life history 

parameters linked to growth and reproduction. The Expedition of the Research Vessel" 

Polarstern" to the Antarctic in 2012 (ANT-XXVIII/4), 35.  



377 
 

Rimm, E. B., Appel, L. J., Chiuve, S. E., Djoussé, L., Engler, M. B., Kris-Etherton, P. M., et al. 

(2018). Seafood long-chain n-3 polyunsaturated fatty acids and cardiovascular disease: a 

science advisory from the American Heart Association. Circulation, 138(1), e35-e47.  

Ripabelli, G., Sammarco, M. L., Grasso, G. M., Fanelli, I., Caprioli, A., & Luzzi, I. (1999). 

Occurrence of Vibrio and other pathogenic bacteria in Mytilus galloprovincialis (mussels) 

harvested from Adriatic Sea, Italy. International Journal of Food Microbiology, 49(1), 43-48.  

Roberts, H. E., Palmeiro, B., & Weber III, E. S. (2009). Bacterial and parasitic diseases of pet fish. 

Veterinary Clinics of North America: Exotic Animal Practice, 12(3), 609-638.  

Rodrigues, J. G., Nair, H. P., O'Kane, C., & Walker, C. A. (2021). Prevalence of multidrug resistance 

in Pseudomonas spp. isolated from wild bird feces in an urban aquatic environment. Ecology 

and Evolution, 11(20), 14303.  

Rodríguez, L., & George-Nascimento, M. (1996). La fauna de parásitos metazoos del bacalao de 

profundidad Dissostichus eleginoides Smitt, 1898 (Pisces: Nototheniidae) en Chile central: 

aspectos taxonómicos, ecológicos y zoogeográficos. Revista Chilena de Historia Natural, 69, 

21-33.  

Roheim, C. A. (2008). Seafood supply chain management: Methods to prevent illegally-caught 

product entry into the marketplace. IUCN World Conservation Union-US for the project 

PROFISH Law Enforcement, Corruption and Fisheries Work.  

Rohela, M., Jamaiah, I., Goh, K., & Nissapatorn, V. (2006a). A second case of diphyllobothriasis in 

Malaysia. Southeast Asian Journal of Tropical Medicine and Public Health, 37(5), 896-898.  

Rohela, M., Surin, J., Jamaiah, I., Init, I., & Lee, S. (2006b). Acute cholecystitis caused by Clonorchis 

sinensis. Southeast Asian Journal of Tropical Medicine and Public Health, 37(4), 648-651.  

Rojekittikhun, W., Chaiyasith, T., & Butraporn, P. (2004a). Gnathostoma infection in fish caught for 

local consumption in Nakhon Nayok Province, Thailand. II. Deasonal variation in swamp 

eels. Southeast Asian Journal of Tropical Medicine and Public Health, 35(4), 786-791.  

Rojekittikhun, W., Chaiyasith, T., Nuamtanong, S., & Komalamisra, C. (2004b). Gnathostoma 

infection in fish caught for local consumption in Nakhon Nayok Province, Thailand I. 

Prevalence and fish species. Southeast Asian Journal of Tropical Medicine and Public 

Health, 35(3), 523-530.  

Rokicki, J., Rodjuk, G., Zdzitowiecki, K., & Laskowski, Z. (2009). Larval ascaridoid nematodes 

(Anisakidae) in fish from the South Shetland Islands (Southern Ocean). Polish Polar 

Research, 30, 49-58.  

Romanova, V. I., Polyaevab, K. V., & Nikulinaa, Y. S. (2019). Morphological Features and 

Endoparasite Fauna of Some Whitefishes and Grayling Fishes from the Eastern Part of Lake 

Sobachye (the Putorana Plateau). Journal of Siberian Federal University. Biology, 12(4), 410-

429.  



378 
 

Rosales, J., Mascaro, C., Fernandez, C., Luque, F., Moreno, M. S., Parras, L., et al. (1999). Acute 

intestinal anisakiasis in Spain: a fourth-stage Anisakis simplex larva. Memorias do Instituto 

Oswaldo Cruz, 94(6), 823-826.  

Rousseau, A., La Carbona, S., Dumètre, A., Robertson, L. J., Gargala, G., Escotte-Binet, S., et al. 

(2018). Assessing viability and infectivity of foodborne and waterborne stages (cysts/oocysts) 

of Giardia duodenalis, Cryptosporidium spp., and Toxoplasma gondii: a review of methods. 

Parasite, 25, 1-21.  

Roy, S., Basuli, D., Rahman, E. U., Adapa, S., & Reddy, S. N. (2022). Rhizobium radiobacter-

induced peritonitis: A case report and literature analysis. Journal of Medical Cases, 13(9), 

471-474.  

Rozas, M., Bohle, H., Sandoval, A., Ildefonso, R., Navarrete, A., & Bustos, P. (2012). First molecular 

identification of Diphyllobothrium dendriticum Plerocercoids from feral rainbow trout 

(Oncorhynchus mykiss) in Chile. The Journal of Parasitology, 98(6), 1220-1226.  

Ruello, N. (2011). A study of the composition, value and utilisaton of imported seafood in Australia. 

Project Number 2010/222. Canberra, Australia: Fisheries Research and Development 

Corporation.  

Ruziaki, W. A., & Hashami, H. A. (2017). Unusual pathogen Comamonas testosteroni sepsis 

following gastroenteritis in a 12 months old child: Case report and literature review. 

American Journal Medical Case Reports, 5(6), 148-150.  

Ryan, K., Hall, N., Lai, E., Smallwood, C., Taylor, S., & Wise, B. (2015). State-wide survey of boat-

based recreational fishing in Western Australia 2013/14 (Report number: 1921845996) 

Government of Western Australia: Fisheries Research Division North Beach, Western 

Australia: 268. pp 1-208 

Ryan, U., Hijjawi, N., Feng, Y., & Xiao, L. (2019). Giardia: an under-reported foodborne parasite. 

International Journal for Parasitology, 49(1), 1-11.  

SA Gov. (2019). Noxious fish list. Retrieved from 

https://pir.sa.gov.au/biosecurity/aquatics/aquatic_pests/noxious_fish_list 22/7/2021 

Sabatini, P. (2016). Fishmeal and Fish oil (2016) from Food and Agriculture Organisation of the 

United Nations.   Retrieved from http://www.fao.org/3/a-bl391e.pdf 15/6/2021 

Sadaow, L., Prasongdee, T. K., Maleewong, W., Sanpool, O., Sukeepaisarnjaroen, W., & Intapan, P. 

M. (2017). A hospital-based study of intestinal capillariasis in Thailand: Clinical features, 

potential clues for diagnosis, and epidemiological characteristics of 85 patients. The American 

Journal of Tropical Medicine and Hygiene, 98(1), 27-31.  

Sadighian, A., & Amini, F. (1967). Dioctophyma renale (Goeze, 1782) Stiles, 1901 in Stray Dogs and 

Jackals in Shahsavar Area, Caspian Region, Iran. The Journal of Parasitology, 53(5), 961-

961.  



379 
 

Saha, S., Rahman, M. S., Hassan, F. N., Sarkar, S., Islam, M. K., Saha, P., et al. (2015). Antimicrobial 

resistance in uropathogen isolates from patients with urinary tract infections. Biomedical 

Research and Therapy, 2(05), 263-269.  

Saharan, V. V., Verma, P., & Singh, A. P. (2020). High prevalence of antimicrobial resistance in 

Escherichia coli, Salmonella spp. and Staphylococcus aureus isolated from fish samples in 

India. Aquaculture Research, 51(3), 1200-1210.  

Said, R., Volpin, G., Grimberg, B., Friedenstrom, S., Lefler, E., & Stahl, S. (1998). Hand infections 

due to non-cholera Vibrio �D�I�W�H�U���L�Q�M�X�U�L�H�V���I�U�R�P���6�W���3�H�W�H�U�¶�V���I�L�V�K����Tilapia zillii). Journal of Hand 

Surgery, 23(6), 808-810.  

Saikia, D. J., Chattopadhyay, P., Banerjee, G., Talukdar, B., & Sarma, D. (2018). Identification and 

pathogenicity of Pseudomonas aeruginosa DJ1990 on tail and fin rot disease in spotted 

snakehead. Journal of the World Aquaculture Society, 49(4), 703-714.  

Salem, M., Zharan, E., Saad, R., & Zaki, V. Prevalence, molecular characterization, virulotyping, and 

antibiotic resistance of motile aeromonads isolated from Nile tilapia farms at northern Egypt. 

Mansoura Veterinary Medical Journal, 21(1), 56-67.  

Samie, N., Noghabi, K. A., Gharegozloo, Z., Zahiri, H. S., Ahmadian, G., Sharafi, H., et al. (2012). 

�3�V�\�F�K�U�R�S�K�L�O�L�F���.-amylase from Aeromonas veronii NS07 isolated from farm soils. Process 

Biochemistry, 47(9), 1381-1387.  

Sampada, S. (2006-2007). Fish Production and Processing Department of Agricultural Research and 

Education India: pp 1-8 

Sampaio, J. L. M., Piana de Andrade, V., Lucas, M. d. C., Fung, L., Gagliardi, S. M. B., Santos, S. R. 

P., et al. (2005). Diphyllobothriasis, Brazil. Emerging Infectious Diseases, 11(10), 1598-1600.  

Sanal, H. T., Zor, F., Kocaoglu, M., & Bulakbasi, N. (2009). Atypical mycobacterial tenosynovitis 

and bursitis of the wrist. Diagnostic and Interventional Radiology, 15(4), 266-268.  

Sani, K., Obaroh, I., Nabila, L., & Hafsat, A. (2020). Survey of gastrointestinal parasite of tilapia fish 

in Birnin Kebbi central market. Journal of Innovative Research in Life Sciences, 1(1), 31-31.  

Santos, F. L. N., & de Faro, L. B. (2005). The first confirmed case of Diphyllobothrium latum in 

Brazil. Memorias do Instituto Oswaldo Cruz, 100, 585-586.  

Sapkota, A., Sapkota, A. R., Kucharski, M., Burke, J., McKenzie, S., Walker, P., et al. (2008). 

Aquaculture practices and potential human health risks: current knowledge and future 

priorities. Environment International, 34(8), 1215-1226.  

Sara, B., Barour, C., Sameh, A., Boualleg, C., & Mourad, B. (2016). Environmental parameters and 

parasitism in common carp (Cyprinus carpio Linnaeus, 1758) caught from Oubeira Lake 

(North-East of Algeria). Research Journal of Fisheries and Hydrobiology, 11(4), 27-36.  

Sardjono, T. W., Purnomo, B. B., Iskandar, A., & Gunawan, A. (2008). Dioctophymatosis renalis in 

humans: first case report from Indonesia. Proceedings of the ASEAN Congress of Tropical 

Medicine and Parasitology, 3, 90-93.  



380 
 

Sarkar, K., Haldar, S., Gonjhu, D., & Pramanik, N. (2013). Intraocular Gnathostoma spinigerum: A 

rare nematode infestation. African Journal of Medical and Health Sciences, 12(2), 112-112.  

Sarter, S., Kha Nguyen, H. N., Hung, L. T., Lazard, J., & Montet, D. (2007). Antibiotic resistance in 

Gram-negative bacteria isolated from farmed catfish. Food Control, 18(11), 1391-1396.  

Savage, J. (2015). Australian fisheries and aquaculture statistics 2015. In Fisheries Research and 

Development Corporation Project 2016-246. Retrieved from 

https://data.gov.au/dataset/pb_afastats15d9abmd20161220_11a 1/7/2018  

Savage, J., & Hobsbawn, P. (2015). Australian fisheries and aquaculture statistics 2015 Australian 

Bureau of Agricultural and Resource Economics and Sciences Canberra, Australia: pp 1-126 

Sawanyawisuth, K., Tiamkao, S., Kanpittaya, J., Dekumyoy, P., & Jitpimolmard, S. (2004). MR 

imaging findings in cerebrospinal gnathostomiasis. American Journal of Neuroradiology, 

25(3), 446.  

Sayasone, S., Mak, T. K., Vanmany, M., Rasphone, O., Vounatsou, P., Utzinger, J., et al. (2011). 

Helminth and intestinal protozoa infections, multiparasitism and risk factors in Champasack 

Province, Lao People's Democratic Republic. PLoS Neglected Tropical Diseases, 5(4), e1037.  

Schandevyl, P., Van Dyck, E., & Piot, P. (1984). Halophilic Vibrio species from seafish in Senegal. 

Applied and Environmental Microbiology, 48(1), 236-238.  

Schar, D., Zhao, C., Wang, Y., Larsson, D. G. J., Gilbert, M., & Van Boeckel, T. P. (2021). Twenty-

year trends in antimicrobial resistance from aquaculture and fisheries in Asia. Nature 

Communications, 12(1), 5384-4394.  

Schets, F. M., van den Berg, H. H., Engels, G. B., Lodder, W. J., & de Roda Husman, A. M. (2007). 

Cryptosporidium and Giardia in commercial and non-commercial oysters (Crassostrea gigas) 

and water from the Oosterschelde, The Netherlands. International Journal of Food 

Microbiology, 113(2), 189-194.  

Schmidt, A. S., Bruun, M. S., Dalsgaard, I., & Larsen, J. L. (2001). Incidence, distribution, and spread 

of tetracycline resistance determinants and integron-associated antibiotic resistance genes 

among motile aeromonads from a fish farming environment. Applied and Environmental 

Microbiology, 67(12), 5675-5682.  

Schmidt, A. S., Bruun, M. S., Dalsgaard, I., Pedersen, K., & Larsen, J. L. (2000). Occurrence of 

antimicrobial resistance in fish-pathogenic and environmental bacteria associated with four 

Danish rainbow trout farms. Applied and Environmental Microbiology, 66(11), 4908-4915.  

Schmutzhard, E., Boongird, P., & Vejjajiva, A. (1988). Eosinophilic meningitis and radiculomyelitis 

in Thailand, caused by CNS invasion of Gnathostoma spinigerum and Angiostrongylus 

cantonensis. Journal of Neurology, Neurosurgery & Psychiatry, 51(1), 80.  

Scholz, T., Garcia, H., Kuchta, R., & Wicht, B. (2009). Update on the human broad tapeworm (Genus 

Diphyllobothrium), Including clinical relevance. Clinical Microbiology Reviews, 22(1), 146.  



381 
 

Scholz, T., & Kuchta, R. (2016). Fish-borne, zoonotic cestodes (Diphyllobothrium and relatives) in 

cold climates: A never-ending story of neglected and (re)-emergent parasites. Food and 

Waterborne Parasitology, 4, 23-38.  

Schürmann, D., Ebert, N., Kampf, D., Baumann, B., Frei, U., & Suttorp, N. (2002). Domestic cholera 

in Germany associated with fresh fish imported from Nigeria. European Journal of Clinical 

Microbiology and Infectious Diseases, 21(11), 827-828.  

Seafish. (2016). The Seafish Guide to Illegal, Unreported and Unregulated (IUU) Fishing Seafish. 

Retrieved from Website https://www.seafish.org/media/Publications/SeafishGuidetoIUU07-

2016.pdf 1/7/2019 

Seifert, H., Kaltheuner, M., & Perdreau-Remington, F. (1995). Micrococcus luteus endocarditis: Case 

report and review of the literature. Zentralblatt für Bakteriologie, 282(4), 431-435.  

Selig, E. R., Nakayama, S., Wabnitz, C. C., Österblom, H., Spijkers, J., Miller, N. A., et al. (2022). 

Revealing global risks of labor abuse and illegal, unreported, and unregulated fishing. Nature 

Communications, 13(1), 1612.  

Selladurai, B. M., Sivakumaran, S., Aiyar, S., & Mohamad, A. R. (1993). Intracranial suppuration 

caused by Micrococcus luteus. British Journal of Neurosurgery, 7(2), 205-207.  

Semenas, L., Viozzi, G., & Arbetman, M. (2021). A regional study of the zoonotic broad tapeworm 

Dibothriocephalus spp. in Northwestern Patagonia (Argentina): origin of fishes and coastal 

cities as factors affecting infection in fishes. Parasitology Research, 120(7), 2415-2427.  

Senderovich, Y., Izhaki, I., & Halpern, M. (2010). Fish as Reservoirs and Vectors of Vibrio cholerae. 

PloS one, 5(1), e8607.  

Senior, N., & Stewardson, C. (2019). Promoting sustainable Australian fish and seafood. Food 

Australia, 71(2), 1-34.  

Senthilkumaran, S., Meenakshisundaram, R., Michaels, A. D., Suresh, P., & 

Thirumalaikolundusubramanian, P. (2011). Cardiovascular complications in ciguatera fish 

poisoning: a wake-up call. Heart Views, 12(4), 166-168.  

Sergelidis, D., Abrahim, A., Papadopoulos, T., Soultos, N., Martziou, E., Koulourida, V., et al. 

�����������������,�V�R�O�D�W�L�R�Q���R�I���P�H�W�K�L�F�L�O�O�L�Q�(�U�H�V�Lstant Staphylococcus �V�S�S�����I�U�R�P���U�H�D�G�\�(�W�R�(�H�D�W���I�L�V�K���S�U�R�G�X�F�W�V����

Letters in Applied Microbiology, 59(5), 500-506.  

Serracca, L., Battistini, R., Rossini, I., Carducci, A., Verani, M., Prearo, M., et al. (2014). Food safety 

considerations in relation to Anisakis pegreffii in anchovies (Engraulis encrasicolus) and 

sardines (Sardina pilchardus) fished off the Ligurian Coast (Cinque Terre National Park, NW 

Mediterranean). International Journal of Food Microbiology, 190, 79-83.  

Serrano-Martínez, E., Quispe, M., Hinostroza, E., & Plasencia, L. (2017). Detección de parásitos en 

peces marinos destinados al consumo humano en Lima Metropolitana. Revista de 

Investigaciones Veterinarias del Perú, 28(1), 160-168.  



382 
 

�6�H�U�Z�H�F�L���V�N�D�����/���������������������$�Q�W�L�P�L�F�U�R�E�L�D�O�V���D�Q�G���D�Q�W�L�E�L�R�W�L�F-resistant bacteria: a risk to the environment and 

to public health. Water, 12(12), 1-17.  

Shadbolt, C., Kirk, M., & Roche, P. (2002). Diarrhoea associated with consumpton of escolar 

(rudderfish). Communicable Diseases Intelligence, 26(3), 436-438.  

Shah, K. L., & Tyagi, B. C. (1986). An eye disease in silver carp, Hypophthalmichthys molitrix, held 

in tropical ponds, associated with the bacterium Staphylococcus aureus. Aquaculture, 55(1), 

1-4.  

Shamsi, S. (2019). Seafood-�%�R�U�Q�H���3�D�U�D�V�L�W�L�F���'�L�V�H�D�V�H�V�����$���³�2ne-�+�H�D�O�W�K�´���$�S�S�U�R�D�F�K���,�V���1�H�H�G�H�G����Fishes, 

4(1), 9.  

Shamsi, S. (2021). The occurrence of Anisakis spp. in Australian waters: past, present, and future 

trends. Parasitology Research, 120, 3007-3033.  

Shamsi, S., & Butcher, A. R. (2011). First report of human anisakidosis in Australia. Medical Journal 

of Australia, 194(4), 199-200.  

Sharif, M., & Negm-Eldin, M. (2013). Occurrence of Anisakis sp. larvae in Merluccius merluccius 

(Teleostei, Gadiformes) of the Libyan north coast and evaluation of its zoonotic potential. 

Trav Inst Sci Rabat sér Zool, 49, 29-32.  

Sheeshka, J., & Murkin, E. (2002). Nutritional aspects of fish compared with other protein sources. 

Comments on Toxicology, 8(4-6), 375-397.  

Shefat, S. H. T. (2018). Use of probiotics in shrimp aquaculture in Bangladesh. Acta Scientific 

Microbiology, 1(11), 20-27.  

Shen, Z., Qian, D., Xu, W., Gu, J., & Shao, J. (2005). Isolation, identification and pathogenicity of 

Streptococcus iniae isolated from red drum Sciaenops ocellatus. Acta Hydrobiologica Sinica, 

29(6), 683.  

Sheng, L., & Wang, L. (2021). The microbial safety of fish and fish products: Recent advances in 

understanding its significance, contamination sources, and control strategies. Comprehensive 

Reviews in Food Science and Food Safety, 20(1), 738-786.  

�6�K�H�V�W�H�U�L�N�R�Y�����'�������'�X�J�D�U�R�Y�����=�����1�������%�X�U�G�X�N�R�Y�V�N�D�\�D�����7�������7�R�O�R�F�K�N�R�����/�������=�K�H�S�N�K�R�O�R�Y�D�����H�������6�R�Q�G�X�H�Y�D�����/�������H�W��

al. (2019). Parasite Fauna of White Baikal Grayling Thymallus brevipinnis Svetovidov, 1931 

in the Bezymiannaia Bay, Lake Baikal (Republic of Buryatia, Russia). The Bulletin of Irkutsk 

State University.Geoarchaeology, Ethnology, and Anthropology Series, (27), 87-97.  

Shi, Y.-H., Chen, J., Li, C.-H., Lu, X.-J., Zhang, D.-M., Li, H.-Y., et al. (2012). Detection of bacterial 

pathogens in aquaculture samples by DNA microarray analysis. Aquaculture, 338, 29-35.  

Shibata, E., Ueda, T., Akaike, G., & Saida, Y. (2014). CT findings of gastric and intestinal 

anisakiasis. Abdominal Imaging, 39(2), 257-261.  

Shimamura, Y., Muwanwella, N., Chandran, S., Kandel, G., & Marcon, N. (2016). Common 

symptoms from an uncommon infection: Gastrointestinal anisakiasis. Canadian Journal of 

Gastroenterology and Hepatology, Article ID 5176502.  



383 
 

Shimazu, T., Cribb, T. H., Miller, T. L., Urabe, M., Van Ha, N., Binh, T. T., et al. (2014). Revision of 

Isoparorchis Southwell, 1913 (Digenea, Hemiuroidea, Isoparorchiidae), parasites of the air 

bladder of freshwater catfishes: a molecular and morphological study. Bulletin of the National 

Museum of Nature and Science, Series A, 40, 15-51.  

Shimizu, H., Kawakatsu, H., Shimizu, T., Yamada, M., Tegoshi, T., Uchikawa, R., et al. (2008). 

Diphyllobothriasis nihonkaiense: Possibly acquired in Switzerland from imported Pacific 

Salmon. Internal Medicine Journal, 47(14), 1359-1362.  

Shimizu, T., Kinoshita, K., & Tokuda, Y. (2012). Diphyllobothrium nihonkaiense infection linked to 

chilled salmon consumption. BMJ Case Reports, 2012, 1-4.  

Shin, H. K., Roh, J.-H., Oh, J.-W., Ryu, J.-S., Goo, Y.-K., Chung, D.-I., et al. (2014). Extracorporeal 

worm extraction of Diphyllobothrium nihonkaiense with amidotrizoic acid in a child. Korean 

Journal of Parasitology, 52(6), 677-680.  

Shin, H. R., Oh, J. K., Masuyer, E., Curado, M. P., Bouvard, V., Fang, Y. Y., et al. (2010). 

Epidemiology of cholangiocarcinoma: an update focusing on risk factors. Cancer Science, 

101(3), 579-585.  

Shleifer, A., & Vishny, R. W. (1993). Corruption. The Quarterly Journal of Economics, 108(3), 599-

617.  

Shoemaker, C. A., Klesius, P. H., & Evans, J. J. (2001). Prevalence of Streptococcus iniae in tilapia, 

hybrid striped bass, and channel catfish on commercial fish farms in the United States. 

American Journal of Veterinary Research, 62(2), 174-177.  

Sichewo, P. R., Gono, R. K., & Sizanobuhle, J. (2013). Isolation and identification of pathogenic 

bacteria in edible fish: A case study of Fletcher Dam in Gweru, Zimbabwe. International 

Journal of Science and Research, 2, 269-273.  

Siddhnath, K., Majumdar, R. K., Parhi, J., Sharma, S., Mehta, N. K., & Laishram, M. (2018). 

Detection and characterization of Shiga toxin-producing Escherichia coli from carps from 

integrated aquaculture system. Aquaculture, 487, 97-101.  

Silva, A. A. d., Leite, J. N., Winter, H. C. L., Furtado, T. L. d. J., Morais, N. M. L., Faria, R. A. P. G. 

d., et al. (2022). Aeromonas sp. in freshwater fish and antimicrobial resistance: emerging 

pathogen. Ciência Rural, 53(e20220088), 1-14.  

Simeone, R. M., Rasmussen, S. A., Mei, J. V., Dollard, S. C., Frias, J. L., Shaw, G. M., et al. (2013). 

A pilot study using residual newborn dried blood spots to assess the potential role of 

cytomegalovirus and Toxoplasma gondii in the etiology of congenital hydrocephalus. Birth 

Defects Research Part A: Clinical and Molecular Teratology, 97(7), 431-436.  

Simmons, G., & Stringer, C. (2014). New Zealand�¾ s fisheries management system: forced labour an 

ignored or overlooked dimension? Marine Policy, 50, 74-80.  

Simon, S. S., & Sanjeev, S. (2007). Prevalence of enterotoxigenic Staphylococcus aureus in fishery 

products and fish processing factory workers. Food Control, 18(12), 1565-1568.  



384 
 

Singh, K. L., Singh, D., & Singh, V. K. (2014). Binary combination of Mimusops elengi and Bauhinia 

variegata with other plants molluscicides against Indoplanorbis exustus. International 

Journal of Traditional and Natural Medicines, 4(1), 6-13.  

Sirisinha, S., Chawengkirttikul, R., & Sermswan, R. (1991). Immunodiagnosis of opisthorchiasis. 

Southeast Asian Journal of Tropical Medicine & Public Health, 22, 179-183.  

Sithithaworn, P., Pipitgool, V., Srisawangwong, T., Elkins, D., & Haswell-Elkins, M. (1997). 

Seasonal variation of Opisthorchis viverrini infection in cyprinoid fish in north-east Thailand: 

implications for parasite control and food safety. Bulletin of The World Health Organization, 

75(2), 125-131.  

Skírnisson, K. (2006). Pseudoterranova decipiens (Nematoda, Anisakidae) larvae reported from 

humans in Iceland after consumption of insufficiently cooked fish. Laeknabladid, 92(1), 21.  

Slettemeås, J. S., Urdahl, A. M., Mo, S. S., Johannessen, G. S., Grave, K., Norström, M., et al. (2017). 

Imported food and feed as contributors to the introduction of plasmid-mediated colistin-

resistant Enterobacteriaceae to a 'low prevalence' country. Journal of Antimicrobial 

Chemotherapy, 72(9), 2675-2677.  

Slifka, K. J., Newton, A., & Mahon, B. (2017). Vibrio alginolyticus infections in the USA, 1988�±

2012. Epidemiology & Infection, 145(7), 1491-1499.  

Smith, J. W. (1984). The abundance of Anisakis simplex L3 in the body-cavity and flesh of marine 

teleosts. International Journal for Parasitology, 14(5), 491-495.  

Smith, M. D., & Gradon, J. D. (2003). Bacteremia due to Comamonas species possibly associated 

with exposure to tropical fish. Southern Medical Journal, 96(8), 815-818.  

Smyth, L., Egan, H., & Kennett, R. (2018). Livelihood values of Indigenous customary fishing: Final 

report to the Fisheries Research and Development Canberra, Australia: FRDC Project No 

2015/205. pp 1-96 

Soewarlan, L., Suprayitno, E., & Nursyam, H. (2014). Identification of anisakid nematode infection 

on skipjack (Katsuwonus pelamis L.) from Savu Sea, East Nusa Tenggara, Indonesia. 

International Journal of Biosciences, 5(9), 423-432.  

Soga, K., Sakagami, J., Handa, O., Konishi, H., Wakabayashi, N., Yagi, N., et al. (2011). Long fish 

tapeworm in the intestine: An in situ Observation by capsule endoscopy. Internal Medicine, 

50(4), 325-327.  

Sohn, W.-M., Na, B.-K., Kim, T. H., & Park, T.-J. (2015). Anisakiasis: Report of 15 Gastric Cases 

Caused by Anisakis Type I Larvae and a Brief Review of Korean Anisakiasis Cases. The 

Korean Journal of Parasitology, 53(4), 465�±470.  

Sohn, W. M., & Seol, S. Y. (1994). A human case of gastric anisakiasis by Pseudoterranova 

decipiens larva. Korean Journal of Parasitology, 32(1), 53-56.  



385 
 

Song, C., Zhang, C., Fan, L., Qiu, L., Wu, W., Meng, S., et al. (2016). Occurrence of antibiotics and 

their impacts to primary productivity in fishponds around Tai Lake, China. Chemosphere, 

161, 127-135.  

Song, H., Jung, B.-K., Cho, J., Chang, T., Huh, S., & Chai, J.-Y. (2019a). Molecular identification of 

Anisakis larvae extracted by gastrointestinal endoscopy from health check-up patients in 

Korea. The Korean Journal of Parasitology, 57(2), 207-211.  

Song, P., Deng, J., Hou, T., Fu, X., Zhang, L., Sun, L., et al. (2019b). Aeromonas sobria peritonitis in 

a peritoneal dialysis (PD) patient: a case report and review of the literature. BMC Nephrology, 

20(1), 1-5.  

Soukhathammavong, P., Sayasone, S., Harimanana, A. N., Akkhavong, A., Thammasack, S., 

Phoumindr, N., et al. (2008). Case report: Three cases of intestinal capillariasis in Lao 

People's Democratic Republic. American Journal of Tropical Medicine and Hygiene, 79(5), 

735-738.  

Sri-Aroon, P., Butraporn, P., Limsoomboon, J., Kaewpoolsri, M., Chusongsang, Y., Charoenjai, P., et 

al. (2007). Freshwater mollusks at designated areas in eleven provinces of Thailand according 

to the water resource development projects. The Southeast Asian Journal of Tropical 

Medicine and Public Health, 38(2), 294.  

Srivastava, K. (2011). Child labour issues and challenges. Industrial Psychiatry Journal, 20(1), 1.  

Stadlbauer, V., Haberl, R., Langner, C., Krejs, G. J., & Eherer, A. (2005). Annoying vacation 

souvenir: Fish tapeworm (Diphyllobothrium sp.) infestation in an Austrian fisherman. Wiener 

Klinische Wochenschrift, 117(21), 776-779.  

Starling, P., Charlton, K., McMahon, A. T., & Lucas, C. (2015). Fish intake during pregnancy and 

foetal neurodevelopment�² A systematic review of the evidence. Nutrients, 7(3), 2001-2014.  

Stauffer, W. M., Sellman, J. S., & Walker, P. F. (2004). Biliary liver flukes (Opisthorchiasis and 

Clonorchiasis) in immigrants in the United States: Often subtle and diagnosed years after 

arrival. Journal of Travel Medicine, 11(3), 157-160.  

Stinear, T. P., Jenkin, G. A., Johnson, P. D., & Davies, J. K. (2000). Comparative genetic analysis of 

Mycobacterium ulcerans and Mycobacterium marinum reveals evidence of recent divergence. 

Journal of Bacteriology, 182(22), 6322-6330.  

Stoffregen, D., Backman, S., Perham, R., Bowser, P., & Babish, J. (1996). Initial disease report of 

Streptococcus iniae infection in hybrid striped (sunshine) bass and successful therapeutic 

intervention with the fluoroquinolone antibacterial enrofloxacin. Journal of the World 

Aquaculture Society, 27(4), 420-434.  

Stringer, C., Simmons, G., Coulston, D., & �:�K�L�W�W�D�N�H�U�����'�����+���������������������1�R�W���L�Q���1�H�Z���=�H�D�O�D�Q�G�¶�V���Z�D�W�H�U�V����

surely? Linking labour issues to GPNs. Journal of Economic Geography, 14(4), 739-758.  

Su, Y.-C., & Liu, C. (2007). Vibrio parahaemolyticus: A concern of seafood safety. Food 

Microbiology, 24(6), 549-558.  



386 
 

Suanyuk, N., Kong, F., Ko, D., Gilbert, G. L., & Supamattaya, K. (2008). Occurrence of rare 

genotypes of Streptococcus agalactiae in cultured red tilapia Oreochromis sp. and Nile tilapia 

O. niloticus in Thailand�² Relationship to human isolates? Aquaculture, 284(1), 35-40.  

Sugita-Konishi, Y., Sato, H., & Ohnishi, T. (2014). Novel foodborne disease associated with 

consumption of raw fish, olive flounder (Paralichthys olivaceus). Food Safety, 2014026.  

Sujatha, K., Senthilkumar, P., Sangeeta, S., & Gopalakrishnan, M. (2011). Isolation of human 

pathogenic bacteria in two edible fishes, Priacanthus hamrur and Megalaspis cordyla at 

Royapuram waters of Chennai, India. Indian Journal of Science and Technology, 4(5), 539-

541.  

Sultana, A., Islam, M. N., Tazim, M. F., Shufol, M. B. A., Uddin, M. N., & Natasha, F. T. (2021). 

Bacteriological study of bottom soil of three extensive fish farm ponds. Bangladesh Journal 

of Fisheries, 33(1), 75-80.  

Sultana, M., Härtig, C., Planer-Friedrich, B., Seifert, J., & Schlömann, M. (2011). Bacterial 

communities in Bangladesh aquifers differing in aqueous arsenic concentration. 

Geomicrobiology Journal, 28(3), 198-211.  

Sumaila, U. R., Jacquet, J., & Witter, A. (2017). When bad gets worse: corruption and fisheries. In 

Corruption, natural resources and development (pp. (93-105)): Edward Elgar Publishing. 

Sumner, J., & Ross, T. (2002). A semi-quantitative seafood safety risk assessment. International 

Journal of Food Microbiology, 77(1), 55-59.  

Sun, J.-R., Yan, J.-C., Yeh, C.-Y., Lee, S.-Y., & Lu, J.-J. (2007). Case report invasive infection with 

Streptococcus iniae in Taiwan. Journal of Medical Microbiology, 56, 1246-1249.  

Sun, T., Turnbull, A., Lieberman, P. H., & Sternberg, S. S. (1986). Giant kidney worm (Dioctophyme 

renale) infection mimicking retroperitoneal neoplasm. The American Journal of Surgical 

Pathology, 10(7), 508-512.  

Sundberg, L.-R., Ketola, T., Laanto, E., Kinnula, H., Bamford, J. K., Penttinen, R., et al. (2016). 

Intensive aquaculture selects for increased virulence and interference competition in bacteria. 

Proceedings of the Royal Society B: Biological Sciences, 283(1826), 20153069.  

Sures, B., Nachev, M., Selbach, C., & Marcogliese, D. J. (2017). Parasite responses to pollution: what 

�Z�H���N�Q�R�Z���D�Q�G���Z�K�H�U�H���Z�H���J�R���L�Q���µ�(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���3�D�U�D�V�L�W�R�O�R�J�\�¶����Parasites & Vectors, 10(1), 65.  

Sutton, T., & Siciliano, A. (2016). Seafood Slavery. Center for American Progress. Retrieved from 

https://www.americanprogress.org/issues/green/reports/2016/12/15/295088/seafood-slavery/ 

7/5/2018 

Suwannasang, A., Dangwetngam, M., Issaro, A., Phromkunthong, W., & Suanyuk, N. (2014). 

Pathological manifestations and immune responses of serotypes Ia and III Streptococcus 

agalactiae infections in Nile tilapia (Oreochromis niloticus). Songklanakarin Journal of 

Science & Technology, 36(5).  



387 
 

Suzuki, J., Murata, R., Hosaka, M., & Araki, J. (2010a). Risk factors for human Anisakis infection and 

association between the geographic origins of Scomber japonicus and anisakid nematodes. 

International Journal of Food Microbiology, 137(1), 88-93.  

Suzuki, J., Murata, R., Sadamasu, K., & Araki, J. (2010b). Detection and identification of 

Diphyllobothrium nihonkaiense plerocercoids from wild Pacific salmon (Oncorhynchus spp.) 

in Japan. Journal of Helminthology, 84(4), 434-440.  

Suzuki, J., Murata, R., Yokoyama, H., Sadamasu, K., & Kai, A. (2015). Detection rate of diarrhoea-

causing Kudoa hexapunctata in Pacific bluefin tuna Thunnus orientalis from Japanese waters. 

International Journal of Food Microbiology, 194, 1-6.  

Suzuki, K., Yanai, M., Hayashi, Y., Otsuka, H., Kato, K., & Soma, M. (2018). Edwardsiella tarda 

bacteremia with psoas and epidural abscess as a food-borne infection: a case report and 

literature review. Internal Medicine, 57(6), 893-897.  

Swanger, N., & Rutherford, D. G. (2004). Foodborne illness: the risk environment for chain 

restaurants in the United States. International Journal of Hospitality Management, 23(1), 71-

85.  

Szostakowska, B., Myjak, P., Wyszynski, M., Pietkiewicz, H., & Rokicki, J. (2005). Prevalence of 

anisakin nematodes in fish from Southern Baltic Sea. Polish Journal of Microbiology, 54, 41-

45.  

Takano, Y., Gomi, K., Endo, T., Suzuki, R., Hayashi, M., Nakanishi, T., et al. (2013). Small intestinal 

obstruction caused by anisakiasis. Case Reports in Infectious Diseases, 2013.  

Takeuchi, F., Ogasawara, Y., Kato, K., Sekizuka, T., Nozaki, T., Sugita-Konishi, Y., et al. (2016). 

Genetic variants of Kudoa septempunctata (Myxozoa: Multivalvulida), a flounder parasite 

causing foodborne disease. Journal of Fish Diseases, 39(6), 667-672.  

Tamele, I. J., & Vázquez Loureiro, P. (2020). Lead, mercury and cadmium in fish and shellfish from 

the Indian Ocean and Red Sea (African Countries): Public health challenges. Journal of 

Marine Science and Engineering, 8(5), 344-376.  

Taniguchi, Y., Ando, K., Isoda, K. I., Shimizu, M., & Sonobe, K. (1992). Human gnathostomiasis: 

Successful removal of Gnathostoma hispidum. International Journal of Dermatology, 31(3), 

175-177.  

Tappe, D., & Triefenbach, R. (2010). Histopathological diagnosis of opisthorchiasis in an immigrant. 

American Journal of Tropical Medicine and Hygiene, 83(4), 734-735.  

Tavakol, S., Smit, W. J., Sara, J. R., Halajian, A., & Luus-Powell, W. J. (2015). Distribution of 

Contracaecum (Nematoda: Anisakidae) larvae in freshwater fish from the northern regions of 

South Africa. African Zoology, 50(2), 133-139.  

Tejada, M., Olivares, F., de las Heras, C., Careche, M., Solas, M. T., García, M. L., et al. (2015). 

Antigenicity of Anisakis simplex ss L3 in parasitized fish after heating conditions used in the 

canning processing. Journal of the Science of Food and Agriculture, 95(5), 922-927.  



388 
 

Terramocci, R., Pagani, L., Brunati, P., Gatti, S., Bernuzzi, A. M., & Scaglia, M. (2001). 

Reappearance of human Diphyllobothriasis in a limited area of Lake Como, Italy. Infection, 

29(2), 93-95.  

Thabit, H., & Abdallah, E. S. H. (2022). Morphological and molecular identification of third-stage 

Contracaecum larvae (Nematoda: Anisakidae) parasitizing Nile perch Lates niloticus in 

Egypt. Aquaculture Research, 53(13), 4869-4881.  

Thewjitcharoen, Y., Medhajirapat, S., Sanprasert, V., Saksirisampant, W., & Nuchprayoon, S. (2012). 

A fatal case of intestinal capillariasis due to misleading investigations. Asian Biomedicine, 

6(5), 781-785.  

Thi, A. N. T., Jacxsens, L., Noseda, B., Samapundo, S., Nguyen, B. L., Heyndrickx, M., et al. (2014). 

Evaluation of the microbiological safety and quality of Vietnamese Pangasius hypophthalmus 

during processing by a microbial assessment scheme in combination with a self-assessment 

questionnaire. Fisheries Science, 80(5), 1117-1128.  

Thi, A. N. T., Noseda, B., Samapundo, S., Nguyen, B. L., Broekaert, K., Rasschaert, G., et al. (2013). 

Microbial ecology of Vietnamese Tra fish (Pangasius hypophthalmus) fillets during 

processing. International Journal of Food Microbiology, 167(2), 144-152.  

Tickler, D., Meeuwig, J. J., Bryant, K., David, F., Forrest, J. A. H., Gordon, E., et al. (2018). Modern 

slavery and the race to fish. Nature Communications, 9(1), 4643-4643.  

Timi, J. T., Paoletti, M., Cimmaruta, R., Lanfranchi, A. L., Alarcos, A. J., Garbin, L., et al. (2014). 

Molecular identification, morphological characterization and new insights into the ecology of 

larval Pseudoterranova cattani in fishes from the Argentine coast with its differentiation from 

the Antarctic species, P. decipiens sp. E (Nematoda: Anisakidae). Veterinary Parasitology, 

199(1-2), 59-72.  

Tiwari, S., Chayani, N., & Rautaraya, B. (2009). Intraocular Gnathostoma spinigerum: a case report. 

Cases Journal, 2(9370), 1-3.  

Tiwari, S., & Nanda, M. (2019). Bacteremia caused by Comamonas testosteroni an unusual pathogen. 

Journal of Laboratory Physicians, 11(1), 87-90.  

Tokiwa, T., Ueda, W., Takatsuka, S., Okawa, K., Onodera, M., Ohta, N., et al. (2014). The first 

genetically confirmed case of Dioctophyme renale (Nematoda: Dioctophymatida) in a patient 

with a subcutaneous nodule. Parasitology International, 63(1), 143.  

Torrecillas, C., Fajardo, M. A., Córdoba, M. A., Sánchez, M., Mellado, I., Garrido, B., et al. (2021). 

First report of zoonotic genotype of Giardia duodenalis in mussels (Mytilus edulis) from 

Patagonia Argentina. Vector-Borne and Zoonotic Diseases, 21(2), 92-97.  

Torres, P., Aedo, E., Silva, R., Thibaut, J., & Torres-Frenzel, P. (2019). First Case of Zoonotic 

Tapeworm Adenocephaluscf. pacificus from Coho Salmon Oncorhynchus kisutch in Chile: 

Experimental Development Study. Comparative Parasitology, 86(1), 17-29.  



389 
 

Torres, P., Jercic, M. I., Weitz, J. C., Dobrew, E. K., & Mercado, R. A. (2007). Human 

Pseudoterranovosis, an Emerging Infection in Chile. The Journal of Parasitology, 93(2), 440-

443.  

Torres, P., & Puga, S. (2011). Comparative efficacy of candling and glass plate compression for 

detection of diphyllobothriosis in rainbow trout (Oncorhynchus mykiss) musculature. Revue 

Scientifique et Technique-OIE, 30(3), 831-837.  

Traoré, O., Martikainen, O., Siitonen, A., Traoré, A. S., Barro, N., & Haukka, K. (2014). Occurrence 

of Vibrio cholerae in fish and water from a reservoir and a neighboring channel in 

Ouagadougou, Burkina Faso. The Journal of Infection in Developing Countries, 8(10), 1334-

1338.  

Trung, N. T., Minh, H. N., & Loan, P. T. (2020). Isolation and �L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���R�I����-lactamase producing 

Pseudomonas spp. In ready-to-eat raw vegetables. Preventive Healthcare: Topical Issues of 

Health Risk Analysis(1), 101-107.  

Tsai, H., Lee, S., Wann, S., Chen, Y., Liu, Y., & Liu, Y. (2006). Mycobacterium marinum 

tenosynovitis: three case reports and review of the literature. Japanese Journal of Infectious 

Diseases, 59(5), 337-340.  

Tsai, S. (2013). Rhizobium radiobacter peritonitis revisited: catheter removal is not mandatory. 

Peritoneal Dialysis International, 33(3), 331-332.  

Uchida, H., Roheim, C. A., Wakamatsu, H., & Anderson, C. M. (2014). Do Japanese consumers care 

about sustainable fisheries? Evidence from an auction of ecolabelled seafood. Australian 

Journal of Agricultural and Resource Economics, 58(2), 263-280.  

Ucko, M., & Colorni, A. (2005). Mycobacterium marinum infections in fish and humans in Israel. 

Journal of Clinical Microbiology, 43(2), 892-895.  

Ucko, M., Colorni, A., Kvitt, H., & Diamant, A. (2002). Strain variation in Mycobacterium marinum 

fish isolates. Applied and Environmental Microbiology, 68(11), 5281-5287.  

Udechukwu, C. U., Panda, S. M., Sunday, I. D., & Bello, F. A. (2018). Parasites associated with 

Clarias gariepinus (African catfish) from dam, plastic and concrete ponds in Bauchi 

metropolis, Bauchi State, Nigeria. GSC Biological and Pharmaceutical Sciences, 2(2), 001-

005.  

Udikovic-Kolic, N., Wichmann, F., Broderick, N. A., & Handelsman, J. (2014). Bloom of resident 

antibiotic-resistant bacteria in soil following manure fertilization. Proceedings of the National 

Academy of Sciences, 111(42), 15202-15207.  

Universal Declaration on the Eradication of Hunger and Malnutrition. Adopted on 16 November 1974 

by the World Food Conference convened under General Assembly resolution 3180 (XXVIII) 

of 17 December 1973; and endorsed by General Assembly resolution 3348 (XXIX) of 17 

December 1974, Resolution 3348. United Nations Human Rights Office of the High 

Commissioner C.F.R. (1974). 



390 
 

UN. (1976). International Covenant on Economic, Social and Cultural Rights, opened for signature 

16 December 1966 UNTS 2200A (XXI) (entered into force 3 January 1976) art 27. In United 

Nations (Ed.). Switzerland. 

Urano, Z., Hasegawa, H., Katsumata, T., Toriyama, K., & Aoki, Y. (2001). Dioctophymatid nematode 

larva found from human skin with creeping eruption. The Journal of Parasitology, 87(2), 

462-465.  

�8�U�E�L�Q�D�����,���������������������µ�6�H�D���V�O�D�Y�H�V�¶�����7�K�H���K�X�P�D�Q���P�L�V�H�U�\���W�K�D�W���I�H�H�G�V���S�H�W�V���D�Q�G���O�L�Y�H�V�W�R�F�N����IUU Watch. . IUU 

Watch. Retrieved from http://www.iuuwatch.eu/2015/07/sea-slaves-the-human-misery-that-

feeds-pets-and-livestock/ 1/7/2019 

USA. FDA. (2011). Fish and fishery products hazards and controls guidance US Department of 

Health and Human Services Food and Drug Administration pp 1-542 

Valero, A., Mar López-Cuello, M., Benítez, R., & Adroher, F. (2006). Anisakis spp. in European 

hake, Merluccius merluccius (L.) from the Atlantic off north-west Africa and the 

Mediterranean off southern Spain. Acta Parasitologica, 51(3), 209-212.  

Valle, J., Lopera, E., Sánchez, M. E., Lerma, R., & Ruiz, J. L. (2012). Spontaneous splenic rupture 

and Anisakis appendicitis presenting as abdominal pain: a case report. Journal of Medical 

Case Reports, 6(114), 1-6.  

Vally, H., Whittle, A., Cameron, S., Dowse, G. K., & Watson, T. (2004). Outbreak of Aeromonas 

hydrophila wound infections associated with mud football. Clinical Infectious Diseases, 

38(8), 1084-1089.  

van der Werf, T. S., Stienstra, Y., Johnson, R. C., Phillips, R., Adjei, O., Fleischer, B., et al. (2005). 

Mycobacterium ulcerans disease. Bulletin of The World Health Organization, 83, 785-791.  

van Doorn, H. R., van Vugt, M., Wetsteyn, J. C., & van Gool, T. (2005). Infestation with the 

tapeworm Diphyllobothrium latum after eating raw fish. Nederlands Tijdschrift Voor 

Geneeskunde, 149(44), 2470-2472.  

van Kleef, E., Ueland, Ø., Theodoridis, G., Rowe, G., Pfenning, U., Houghton, J., et al. (2009). Food 

risk management quality: Consumer evaluations of past and emerging food safety incidents. 

Health, Risk & Society, 11(2), 137-163.  

Varga, J. F., Brunner, S. R., Cheng, G., Min, D., Aucoin, M. G., Doxey, A. C., et al. (2022). 

Identification and characterization of a novel peptide from rainbow trout (Oncorhynchus 

mykiss) with antimicrobial activity against Streptococcus iniae. Developmental & 

Comparative Immunology, 137, 104518.  

Varma, T., & Ahluwalia, S. (1980). An unusual record of Isoparorchis hypselobagri (Billet 1898), a 

trematode parasite of fishes from the bile duct of a pig. Indian Veterinary Journal, 57(8), 688-

689.  



391 
 

Vasantha, P., Girish, N., & Leela, K. (2012). Human intestinal capillariasis: A rare case report from 

non-endemic area (Andhra Pradesh, India). Indian Journal of Medical Microbiology, 30(2), 

236-239.  

Venkatrajaiah, N., Kalbande, S. H., Rao, G. V. N., Reddy, V. C., Reddy, S. H., Rao, P. R., et al. 

(2014). Dioctophymatosis renalis in humans: first case report from India. The Journal of the 

Association of Physicians of India, 62(10), 70-73.  

�9�H�Q�W�X�U�D�����0�������7�X�P�P�R�O�R�����5�������'�L���/�H�R�����(�������'�¶�(�U�V�D�V�P�R�����0�������	���$�U�V�L�H�Q�L�����$������2008). Immediate and cell-

mediated reactions in parasitic infections by Anisakis simplex. Journal of Investigational 

Allergology and Clinical Immunology, 18(4), 253-259.  

Ventura, M. T., Napolitano, S., Menga, R., Cecere, R., & Asero, R. (2013). Anisakis simplex 

hypersensitivity is associated with chronic urticaria in endemic areas. International Archives 

of Allergy and Immunology, 160(3), 297-300.  

VERITE. (2019). Countries Where Fish is Reportedly Produced with Forced Labor and/or Child 

Labor Verite, Fair labour world-wide Massachusetts, USA: pp 1 

VIC, G. (2021). List of Declared Noxious Aquatic Species in Victoria. List of Noxious Aquatic 

Species in Victoria. Retrieved from https://vfa.vic.gov.au/operational-policy/pests-and-

diseases/noxious-aquatic-species-in-victoria/noxious-aquatic-species-in-victoria 22/7/2021 

�9�L�G�D�þ�H�N�����6�������'�H���/�D�V���+�H�U�D�V�����&�������6�R�O�D�V�����0�����7�������*�D�U�F�t�D�����0�����/�������0�H�Q�G�L�]�i�E�D�O�����$�������	���7�Hjada, M. (2011). 

Viability and antigenicity of Anisakis simplex after conventional and microwave heating at 

fixed temperatures. Journal of Food Protection, 74(12), 2119-2126.  

Vinh, D. C., Mubareka, S., Fatoye, B., Plourde, P., & Orr, P. (2006). Vibrio vulnificus septicemia after 

handling Tilapia species fish: a Canadian case report and review. Canadian Journal of 

Infectious Diseases and Medical Microbiology, 17(2), 129-132.  

Vinh, H. Q., Phimpraphai, W., Tangkawattana, S., Smith, J. F., Kaewkes, S., Dung, D. T., et al. 

(2017). Risk factors for Clonorchis sinensis infection transmission in humans in northern 

Vietnam: A descriptive and social network analysis study. Parasitology International, 66(2), 

74-82.  

Viray, M., Hofmeister, M., Johnston, D., Krishnasamy, V., Nichols, C., Foster, M., et al. (2019). 

Public health investigation and response to a hepatitis A outbreak from imported scallops 

consumed raw�² Hawaii, 2016. Epidemiology & Infection, 147.  

von Eiff, C., Kuhn, N., Herrmann, M., Weber, S., & Peters, G. (1996). Micrococcus luteus as a cause 

of recurrent bacteremia. The Pediatric Infectious Disease Journal, 15(8), 711-713.  

von Wintersdorff, C. J. H., Penders, J., van Niekerk, J. M., Mills, N. D., Majumder, S., van Alphen, L. 

B., et al. (2016). Dissemination of antimicrobial resistance in microbial ecosystems through 

horizontal gene transfer. Frontiers in Microbiology, 7(173), 1-10.  

VT Nair, D., Venkitanarayanan, K., & Kollanoor Johny, A. (2018). Antibiotic-resistant Salmonella in 

the food supply and the potential role of antibiotic alternatives for control. Foods, 7(10), 167.  



392 
 

Waeschenbach, A., Brabec, J., Scholz, T., Littlewood, D. T. J., & Kuchta, R. (2017). The catholic 

taste of broad tapeworms �± multiple routes to human infection. International Journal for 

Parasitology, 47(13), 831-843.  

Wamala, S. P., Mugimba, K. K., Mutoloki, S., Evensen, Ø., Mdegela, R., Byarugaba, D. K., et al. 

(2018). Occurrence and antibiotic susceptibility of fish bacteria isolated from Oreochromis 

niloticus (Nile tilapia) and Clarias gariepinus (African catfish) in Uganda. Fisheries and 

Aquatic Sciences, 21(1), 1-10.  

Wang, B., Jian, J., Lu, Y., Cai, S., Huang, Y., Tang, J., et al. (2012). Complete genome sequence of 

Streptococcus agalactiae ZQ0910, a pathogen causing meningoencephalitis in the GIFT 

strain of Nile tilapia (Oreochromis niloticus). Journal of Bacteriology, 194(18), 5132-5133.  

Wang, D.-l., Zhao, L.-d., Li, L.-j., & Zhou, M.-j. (2019). Septic shock caused by Rhizobium 

radiobacter in an elderly woman: A case report. Medicine, 98(49).  

Wang, F., Jiang, L., Yang, Q., Han, F., Chen, S., Pu, S., et al. (2011). Prevalence and antimicrobial 

susceptibility of major foodborne pathogens in imported seafood. Journal of Food Protection, 

74(9), 1451-1461.  

Wang, X. J., Chen, X. P., Kappler, A., Sun, G. X., & Zhu, Y. G. (2009). Arsenic binding to iron (II) 

minerals produced by An iron (�,�,�,���(�5�H�G�X�F�L�Q�J��Aeromonas strain isolated from paddy soil. 

Environmental Toxicology and Chemistry: An International Journal, 28(11), 2255-2262.  

Wanja, D. W., Mbuthia, P. G., Waruiru, R. M., Bebora, L. C., Ngowi, H. A., & Nyaga, P. N. (2020). 

Antibiotic and disinfectant susceptibility patterns of bacteria isolated from farmed fish in 

Kirinyaga County, Kenya. International Journal of Microbiology, 2020, 8897338.  

Warner-Kramer, D. (2004). Control begins at home: Tackling flags of convenience and lUU fishing. 

Golden Gate University Law Review, 34(3), 497-529.  

Warner, K., Mustain, P., Lowell, B., Geren, S., & Talmage, S. (2016). Deceptive dishes: Seafood 

swaps found worldwide Oceana pp 1-24 

Warner, K., Timme, W., Lowell, B., & Stiles, M. (2012). Persistent seafood fraud found in South 

Florida. Oceana, July, 1-20. https://oceana.org/reports/persistent-seafood-fraud-found-south-

florida 2/7/2019 

Watson, R., Pang, L., & Pauly, D. (2001). The marine fisheries of China: development and reported 

catches. Fisheries Centre, University of British Columbia, Vancouver, Canada pp 1-58 

Watson, R., & Pauly, D. (2001). Systematic distortions in world fisheries catch trends. Nature, 

414(6863), 534-536.  

Weinstein, M., Low, D., McGeer, A., Willey, B., Rose, D., Coulter, M., et al. (1996). Invasive 

infection due to Streptococcus iniae: a new or previously unrecognized disease - Ontario, 

1995-1996. Canada Communicable Disease Report, Releve des Maladies Transmissibles au 

Canada, 22(15), 129-132.  



393 
 

Weinstein, M. R., Litt, M., Kertesz, D. A., Wyper, P., Rose, D., Coulter, M., et al. (1997). Invasive 

infections due to a fish pathogen, Streptococcus iniae. New England Journal of Medicine, 

337(9), 589-594.  

Weitzel, T., Sugiyama, H., Yamasaki, H., Ramirez, C., Rosas, R., & Mercado, R. (2015). Human 

Infections with Pseudoterranova cattani nematodes, Chile. Emerging Infectious Diseases, 

21(10), 1874-1875.  

Wendling, Z. A., Emerson, J. W., Esty, D. C., Levy, M. A., & de Sherbinin, A. (2018). The 

Environmental Performance Index Yale Center for Environmental Law & Policy New Haven, 

USA: (2018). pp 1-200 

Whalen, G. E., Rosenberg, E. B., Strickland, G. T., Gutman, R. A., Cross, J. H., & Watten, R. H. 

(1969). Intestinal capillariasis. A new disease in man. Lancet, 1(7584), 13-16.  

WHO. (2003). The World Health Report: Shaping the Future World Health Organisation Geneva, 

Switzerland: pp 1-126 

WHO. (2015). WHO estimates of the global burden of foodborne diseases: Foodborne Disease 

Burden Epidemiology Reference Group 2007-2015 World Health Organization, Geneva, 

Switzerland: ISBN 978 92 4 156516 5. pp 1-268 

WHO. (2017). Field use of molluscicides in schistosomiasis control programmes: an operational 

manual for programme managers (9241511990) World Health Organisation 

9241511990.France: pp 1-50 

WHO. (2022). WHO. Risk assessment of Cryptosporidium in drinking water. . Retrieved from 

https://apps.who.int/iris/bitstream/handle/10665/70117/WHO_HSE_WSH_09.04_eng.pdf;jse

ssionid=59F99D9425B45F7CC05CE88FCC1A9F58?sequence=1 9/1/23 

Wicht, B., de Marval, F., & Peduzzi, R. (2007). Diphyllobothrium nihonkaiense (Yamane et al., 1986) 

in Switzerland: First molecular evidence and case reports. Parasitology International, 56(3), 

195-199.  

Wicht, B., Gustinelli, A., Fioravanti, M., Invernizzi, S., & Peduzzi, R. (2009). Prevalence of the broad 

tapeworm Diphyllobothrium latum in perch (Perca fluviatilis) and analysis of abiotic factors 

influencing its occurrence in Lake Lario (Como, Italy). Bulletin of the European Association 

of Fish Pathologists, 29(2), 58-65.  

Wicht, B., Scholz, T., Peduzzi, R., & Kuchta, R. (2008). First record of human infection with the 

tapeworm Diphyllobothrium nihonkaiense in North America. The American Journal of 

Tropical Medicine and Hygiene, 78(2), 235-238.  

Widdowson, M.-A., Sulka, A., Bulens, S. N., Beard, R. S., Chaves, S. S., Hammond, R., et al. (2005). 

Norovirus and foodborne disease, United States, 1991�±2000. Emerging Infectious Diseases, 

11(1), 95-102.  



394 
 

Williams, M., Hernandez-Jover, M., & Shamsi, M. (2020a). Illegal, unreported and unregulated 

fishing: a risk scoring method for prioritising inspection for zoonotic parasites of fish 

imported to Australia. Journal of Biosafety and Biosecurity, 2(2), 81-90.  

Williams, M., Hernandez-Jover, M., & Shamsi, S. (2020b). A critical appraisal of global testing 

protocols for zoonotic parasites in imported seafood applied to seafood safety in Australia. 

Foods, 9(448), 1-23.  

Williams, M., Hernandez-Jover, M., & Shamsi, S. (2020c). Fish substitutions which may increase 

human health risks from zoonotic seafood borne parasites: A review. Food Control, 107429, 

1-45.  

Williams, M., Hernandez-Jover, M., Williams, T., & Shamsi, S. (2021). A risk scoring system for 

seafood supply chain breaches and examination of freshwater fish imported to Australia. 

Food Quality and Safety, 5, 1-15.  

Williams, M., Shamsi, S., WilliamsMarta, T., & Hernandez-Jover. (2023). Zoonotic bacteria 

identified on edible freshwater fish imported to Australia. Foods, 12(6), 1288 

Wongsawasdi, L., Ukarapol, N., & Lertprasertsuk, N. (2002). The endoscopic diagnosis of intestinal 

capillariasis in a child: a case report. Southeast Asian Journal of Tropical Medicine and 

Public Health, 33(4), 730-732.  

Wootten, R., & Cann, D. (2001). Round worms in fish. Marine Laboratory of the Department of 

Agriculture and Fisheries for Scotland and the Torry Research Station of the Ministry of 

Agriculture, Scotland: ADVISORY NOTE No. 80. pp 1-1 

World Bank. (1986). Poverty and hunger: Issues and options for food security in developing countries  

World Bank Washington DC: pp 1-82 

World Organisation for Animal Health. (2018). The Aquatic Animal Health Code. Retrieved from 

http://www.oie.int/standard-setting/aquatic-code/access-online/ 1/6/2018 

WTO. (1994a). Agreement on Technical Barriers to Trade (TBT) signed 1979 Tokyo Round of Trade 

Negotiations. Resigned as the World Trade Organisation TBT at Uruguay round of talks in 

1994 entered into force 1 January 1995. The WTO Agreement series. Geneva, Switzerland: 

World Trade Organisation Retrieved from https://www.wto.org/english/docs_e/legal_e/17-

tbt.pdf. 

WTO. (1994b). General Agreement on Tariffs and Trade (GATT) signed October 30, 1947 and in 

force 1 January 1948. Version The World Trade Organisation GATT signed Marrakesh on 14 

April 1994, and in force 1 January 1995. The WTO Agreement series. Geneva, Switzerland: 

World Trade Organisation Retrieved from https://www.wto.org/english/docs_e/legal_e/06-

gatt.pdf   

WTO. (1994c). Sanitary and Phytosanitary Measures signed Marrakesh on 15 April 1994. Entered 

into affect by World Trade Organization on 1 January 1995. World Trade Organisation. 



395 
 

Geneva, Switzerland: World Trade Organisation Retrieved from 

https://www.wto.org/english/res_e/booksp_e/agrmntseries4_sps_e.pdf. 

WTO. (1995). Marrakesh Agreement Establishing the World Trade Organisation, opened for 

signature 15 April 1994, 1867 UNTS 3 (entered into force 1 January 1995) Annex 1A 

���µ�$�J�U�H�H�P�H�Q�W���R�Q���W�K�H���$�S�S�O�L�F�D�W�L�R�Q���R�I���6�D�Q�L�W�D�U�\���D�Q�G���3�K�\�W�R�V�D�Q�L�W�D�U�\���0�H�D�V�X�U�H�V�¶���� World Trade 

Organisation. Geneva, Switzerland Retrieved from 

https://www.wto.org/english/docs_e/legal_e/15sps_01_e.htm. 

WTO. (2016). Members and Observers. World Trade Organisation. Retrieved from 

https://www.wto.org/english/thewto_e/whatis_e/tif_e/org6_e.htm 22/7/2021 

WTO. (2021). Understanding the WTO agreement on sanitary and phytosanitary measures. Retrieved 

from https://www.wto.org/english/tratop_e/sps_e/spsund_e.htm#Fn%202 11/12/2021 

Wu, C.-J., Ko, W.-C., Lee, N.-Y., Su, S.-L., Li, C.-W., Li, M.-C., et al. (2019a). Aeromonas isolates 

from fish and patients in Tainan City, Taiwan: Genotypic and phenotypic characteristics. 

Applied and Environmental Microbiology, 85(21), e01360-01319.  

Wu, C.-J., Wang, H.-C., Chen, C.-S., Shu, H.-Y., Kao, A.-W., Chen, P.-L., et al. (2012). Genome 

sequence of a novel human pathogen, Aeromonas aquariorum. American Society for 

Microbiology, 194(15), 4114-4115.  

Wu, X., Pan, J., Li, M., Li, Y., Bartlam, M., & Wang, Y. (2019b). Selective enrichment of bacterial 

pathogens by microplastic biofilm. Water Research, 165(114979), 1-12.  

Wu, Y., Zaiden, N., & Cao, B. (2018). The Core- and Pan-Genomic Analyses of the Genus 

Comamonas: From Environmental Adaptation to Potential Virulence. Frontiers in 

Microbiology, 9(3096), 1-12.  

Wyatt, L. E., Nickelson, R., & Vanderzant, C. (1979). Occurrence and control of Salmonella in 

freshwater catfish. Journal of Food Science, 44(4), 1067-1073.  

Xiong, W., Sun, Y., Zhang, T., Ding, X., Li, Y., Wang, M., et al. (2015). Antibiotics, antibiotic 

resistance genes, and bacterial community composition in fresh water aquaculture 

environment in China. Microbial Ecology, 70(2), 425-432.  

Yahata, Y., Sugita-Konishi, Y., Ohnishi, T., Toyokawa, T., Nakamura, N., Taniguchi, K., et al. 

(2015). Kudoa septempunctata-induced gastroenteritis in humans after flounder consumption 

in Japan: A case-control study. Japanese Journal of Infectious Diseases, 68, 119-123.  

Yalcinkaya, F., Ergin, C., Agalar, C., Kaya, S., & Aksoylar, Y. (2003). The presence and 

antimicrobial susceptibilities of human-pathogen Vibrio spp. isolated from blue crab 

(Callinectes sapidus) in Belek tourism coast, Turkey. International Journal of Environmental 

Health Research, 13(1), 95-98.  

Yamasaki, H., Kumazawa, H., Sekikawa, Y., Oda, R., Hongo, I., Tsuchida, T., et al. (2016). First 

confirmed human case of Diphyllobothrium stemmacephalum infection and molecular 



396 
 

verification of the synonymy of Diphyllobothrium yonagoense with D. stemmacephalum 

(Cestoda: Diphyllobothriidea). Parasitology International, 65(5), 412-421.  

Yan, L., Pei, X., Zhang, X., Guan, W., Chui, H., Jia, H., et al. (2019). Occurrence of four pathogenic 

Vibrios in Chinese freshwater fish farms in 2016. Food Control, 95, 85-89.  

Yan, Y., Zhang, Y., Fan, B., Yang, M., Cai, L., Fu, X., et al. (2011). Estimation and spatial analysis of 

water pollution loads from towns in China. International Journal of Sustainable Development 

& World Ecology, 18(3), 219-225.  

Yang, G.-J., Li, W., Sun, L.-P., Wu, F., Yang, K., Huang, Y.-X., et al. (2010a). Molluscicidal 

efficacies of different formulations of niclosamide: result of meta-analysis of Chinese 

literature. Parasites & Vectors, 3(1), 84.  

Yang, R., Reid, A., Lymbery, A., & Ryan, U. (2010b). Identification of zoonotic Giardia genotypes in 

fish. International Journal for Parasitology, 40(7), 779-785.  

Yang, X., Yang, Q., Guo, Q., Yi, C., Mao, H., Lin, J., et al. (2008). Aeromonas salmonicida 

peritonitis after eating fish in a patient undergoing CAPD. Peritoneal Dialysis International, 

28(3), 316-317.  

Yani, A., Amin, M., Rohman, F., Suarsini, E., & Putra, W. E. (2020). Profiling indigenous lead-

reducing bacteria from Tempe Lake, South Sulawesi, Indonesia as bioremediation agents. 

Biodiversitas Journal of Biological Diversity, 21(10), 4778-4786.  

Yano, Y., Yokoyama, M., Satomi, M., Oikawa, H., & Chen, S.-S. (2004). Occurrence of Vibrio 

vulnificus in fish and shellfish available from markets in China. Journal of Food Protection, 

67(8), 1617-1623.  

�<�D�]�L�F�L�����9�������6�L�U�L�N�H�Q�����)�������(�U�W�D�E�D�N�O�D�U�����+�������	���(�U�W�X�÷�����6����������������. Investigation of intestinal parasites in food 

workers in hospitals in Aydin, Turkey. Turkiye Parazitolojii Dergisi, 31(2), 136-138.  

Ye, L., Liu, G., Yao, T., & Lu, J. (2021). Monitoring of antimicrobial resistance genes in the spotted 

sea bass (Lateolabrax maculatus): Association with the microbiome and its environment in 

aquaculture ponds. Environmental Pollution, 276, 116714.  

Ye, L., Zhang, L., Li, X., Shi, L., Huang, Y., & Wang, H. H. (2013). Antibiotic-resistant bacteria 

associated with retail aquaculture products from Guangzhou, China. Journal of Food 

Protection, 76(2), 295-301.  

Ye, X., Li, J., Lu, M., Deng, G., Jiang, X., Tian, Y., et al. (2011). Identification and molecular typing 

of Streptococcus agalactiae isolated from pond-cultured tilapia in China. Fisheries Science, 

77(4), 623-632.  

Yeannes, M. I., & Figueras, M. J. (2014). Molecular characterization of Shewanella and Aeromonas 

isolates associated with spoilage of common carp (Cyprinus carpio). FEMS Microbiology 

Ecology, 362(1), 1-8.  

Yera, H., Estran, C., Delaunay, P., Gari-Toussaint, M., Dupouy-Camet, J., & Marty, P. (2006). 

Putative Diphyllobothrium nihonkaiense acquired from a Pacific salmon (Oncorhynchus keta) 



397 
 

eaten in France; genomic identification and case report. Parasitology International, 55(1), 45-

49.  

Yera, H., Kuchta, R., Brabec, J., Peyron, F., & Dupouy-Camet, J. (2013). First identification of eggs 

of the Asian fish tapeworm Bothriocephalus acheilognathi (Cestoda: Bothriocephalidea) in 

human stool. Parasitology International, 62(3), 268-271.  

Yi, S., Li, J., Zhu, J., Lin, Y., Fu, L., Chen, W., et al. (2011). Effect of tea polyphenols on 

microbiological and biochemical quality of Collichthys fish ball. Journal of the Science of 

Food and Agriculture, 91(9), 1591-1597.  

Yohannes, K., Dalton, C. B., Halliday, L., Unicomb, L. E., & Kirk, M. (2002). An outbreak of 

gastrointestinal illness associated with the consumption of escolar fish Australian 

Government Department of Health Canberra, ACT: 3. pp 1-184 

Yokoyama, H., Suzuki, J., & Shirakashi, S. (2014). Kudoa hexapunctata n. sp.(Myxozoa: 

Multivalvulida) from the somatic muscle of Pacific bluefin tuna Thunnus orientalis and re-

description of K. neothunni in yellowfin tuna T. albacares. Parasitology International, 63(4), 

571-579.  

Yorimitsu, N., Hiraoka, A., Utsunomiya, H., Imai, Y., Tatsukawa, H., Tazuya, N., et al. (2013). 

Colonic intussusception caused by anisakiasis: A case report and review of the literature. 

Internal Medicine, 52, 223-226.  

Yoshinaga, T., Kinami, R., Hall, K., & Ogawa, K. (2006). A preliminary study on the infection of 

anisakid larvae in juvenile greater amberjack Seriola dumerili imported from China to Japan 

as mariculture seedlings. The Japanese Society of Fish Pathology, 41(3), 123-126.  

Yossepowitch, O., Gotesman, T., Assous, M., Marva, E., Zimlichman, R., & Dan, M. (2004). 

Opisthorchiasis from imported raw fish.(Research). Emerging Infectious Diseases, 10(12), 

2122-2126.  

Younes, A. M., Fares, M. O., Gaafar, A. Y., & Mohamed, L. A. (2016). Isolation of Vibrio 

alginolyticus and Vibrio vulnificus strains from cultured Oreochromis niloticus around Qarun 

Lake, Egypt. Global Veterinaria, 16(1), 1-5.  

Youssef, F. G., Mikhail, E. M., & Mansour, N. S. (1989). Intestinal capillariasis in Egypt: A case 

report. American Journal of Tropical Medicine and Hygiene, 40(2), 195-196.  

Yu, J.-R., Seo, M., Kim, Y.-W., Oh, M.-H., & Sohn, W.-M. (2001). A human case of gastric infection 

by Pseudoterranova decipiens larva. The Korean Journal of Parasitology, 39(2), 193-196.  

Yuasa, K., Kitancharoen, N., Kataoka, Y., & Al-Murbaty, F. A. (1999). Streptococcus iniae, the 

causative agent of mass mortality in rabbitfish Siganus canaliculatus in Bahrain. Journal of 

Aquatic Animal Health, 11(1), 87-93.  

Yücel, N., & �%�D�O�F�L�����ù���������������������3�U�H�Y�D�O�H�Q�F�H���R�I Listeria, Aeromonas, and Vibrio species in fish used for 

human consumption in Turkey. Journal of Food Protection, 73(2), 380-384.  



398 
 

Yue, K., & Shen, Y. (2022). An overview of disruptive technologies for aquaculture. Aquaculture and 

Fisheries, 7(2), 111-120.  

Yusoff, M., & Zakariah, S. (2011). Intraocular nematode with diffuse unilateral subacute 

neuroretinitis: case report. BMC Ophthalmology, 11.  

Zeitoun, M. M., & Mehana, E. (2014). Impact of water pollution with heavy metals on fish health: 

overview and updates. Global Veterinaria, 12(2), 219-231.  

Zhang, D., Li, A., Guo, Y., Zhang, Q., Chen, X., & Gong, X. (2013). Molecular characterization of 

Streptococcus agalactiae in diseased farmed tilapia in China. Aquaculture, 412, 64-69.  

Zhao, S., Datta, A. R., Ayers, S., Friedman, S., Walker, R. D., & White, D. G. (2003). Antimicrobial-

resistant Salmonella serovars isolated from imported foods. International Journal of Food 

Microbiology, 84(1), 87-92.  

Zheng, Q., Zhang, R., Wang, Y., Pan, X., Tang, J., & Zhang, G. (2012). Occurrence and distribution 

of antibiotics in the Beibu Gulf, China: impacts of river discharge and aquaculture activities. 

Marine Environmental Research, 78, 26-33.  

Ziarati, M., Zorriehzahra, M. J., Hassantabar, F., Mehrabi, Z., Dhawan, M., Sharun, K., et al. (2022). 

Zoonotic diseases of fish and their prevention and control. Veterinary Quarterly(just-

accepted), 1-42.  

�ä�L�O�L�ü�����-�������	���0�O�D�G�L�Q�H�R�����,���������������������3�U�H�Y�D�O�H�Q�F�H���R�I���W�K�H���S�D�U�D�V�L�W�H��Anisakis simplex (Anisakidae, Nematoda) 

in the blue fin tuna (Thunnus thynnus) from mariculture. �0�H�V�R�����S�U�Y�L���K�U�Y�D�W�V�N�L���þ�D�V�R�S�L�V���R���P�H�V�X����

8(4), 229-233.  

Zimmerman, C., Kiss, L., Pocock, N., Naisanguansri, V., Soksreymom, S., Pongrungsee, N., et al. 

(2014). Health and human trafficking in the Greater Mekong Subregion. Findings from a 

survey of men, women and children in Cambodia, Thailand and Viet Nam International 

Organization for Migration and the London School of Hygiene and Tropical Medicine pp 1-

202 

Zlotkin, A., Hershko, H., & Eldar, A. (1998). Possible transmission of Streptococcus iniae from wild 

fish to cultured marine fish. Applied and Environmental Microbiology, 64(10), 4065-4067.  

Zolhavarieh, S. M., Norian, A., & Yavari, M. (2016). Dioctophyme renale (Goeze, 1782) infection in 

a domestic dog from Hamedan, Western Iran. Iranian Journal of Parasitology, 11(1), 131-

135.  

Zurfuh, K., Poirel, L., Nordmann, P., Nüesch-Inderbinen, M., Hächler, H., & Stephan, R. (2016). 

Occurrence of the plasmid-borne mcr-1 colistin resistance gene in extended-spectrum-��-

lactamase-producing Enterobacteriaceae in river water and imported vegetable samples in 

Switzerland. Antimicrobial Agents and Chemotherapy, 60(4), 2594-2595.  

 


	Illegal, unreported, and unregulated fishing: A risk scoring method for prioritizing inspection of fish imported to Australia for zoonotic parasites
	1 Introduction
	2 Materials and methods

	Introduction 
	Materials and Methods 

