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Thesis abstract 

Gastrointestinal nematodes are the cause of significant negative health and 

production impacts in ruminant livestock systems worldwide. In developing countries 

such as Pakistan, the effects of gastrointestinal parasitism are often exacerbated by 

poor access to water and feed, a lack of infrastructure and limited information 

regarding management. Water buffalo are a ruminant livestock species most 

commonly farmed in developing countries. The recent interest for production in niche 

markets has led to population growth on farms in developed countries such as 

Australia. Globally, water buffalo are a significant dairy production species, 

producing 10% of the world’s milk. However, the impacts of gastrointestinal 

nematodes in water buffalo production systems are largely unknown. 

Varying rates of gastrointestinal nematode infection in water buffalo from Pakistan 

have been previously reported (47.2–81.6%), however no reports are available from 

Australia. Reports from Pakistan employed varying methodologies to identify 

infection which may account for the large variability in the results. Nonetheless, 

these rates of infection have been shown to cause significant negative production 

and health impacts in cattle farms elsewhere and similarities are expected in water 

buffalo systems. Management of gastrointestinal nematode infections has not been 

the focus of previous research. Age has been identified as influencing the likelihood 

of gastrointestinal nematode infection, but there is a large gap in the knowledge 

surrounding the effects of farming practices on the rate of infection.  

The overall goal of this PhD research project was to advance the understanding of 

gastrointestinal nematode infections in two main farming systems; the smallholder 

cut-and-carry farms in Pakistan and the extensive grazing farms in Australia. The 

three primary objectives of this study were to 1) estimate the prevalence of 

gastrointestinal nematode infection in water buffalo from Australia and Pakistan; 2) 

describe current management used on farms and identify practices that affect the 

prevalence of gastrointestinal nematode infection in water buffalo across the two 

farming systems; and, 3) use morphological and molecular methods to describe the 

gastrointestinal nematodes species infecting water buffalo in Australia and Pakistan. 

The investigation of gastrointestinal nematode prevalence in this study revealed 

unexpectedly low rates of infection in water buffalo in both Australia (8%) and 

Pakistan (30%). Strongyle-type nematode eggs were the most common morphotype 
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observed during faecal egg counts accounting for 92% of infections in Australia and 

98% of infections in Pakistan. Infections with other nematodes, Trichuris sp. (1.4% in 

Pakistan), Capillaria sp. (0.4% in Pakistan) and Toxocara vitulorum (0.4% in 

Pakistan and 8% in Australia) were also identified. Strongyle-type nematodes are 

considered the most agriculturally important species affecting ruminant livestock 

worldwide and may cause significant impacts to animal health if left unmanaged. 

Despite these worldwide trends, the low infection intensities observed in this study 

suggest strongyle-type nematodes have little impact on water buffalo farms in 

Australia and Pakistan. Although Trichuris sp., and Capillaria sp. are known to be 

mildly pathogenic, T. vitulorum is a parasitic species known to cause significant 

mortality and morbidity in water buffalo. 

Recovered strongyle-type nematodes were identified using both L3 larvae 

morphology, and molecular characterisation of the ITS1 and ITS2 regions. Molecular 

identification revealed three nematode species that could not be described through 

current morphological keys or using molecular methods. These specimens most 

closely aligned with the genera Spiculopteragia, Oesophagostomum, and 

Trichostrongylus. Known species of agricultural importance, Cooperia sp., 

Trichostrongylus axei and Haemonchus sp., were also observed. Morphological 

identification of L3 larvae from water buffalo could be divided into morphometric 

groups that either 1) did not align with L3 larvae morphometrics previously described 

in identification keys; or, 2) had morphological characteristics that partially 

overlapped with previous descriptions of L3 larvae. These factors, coupled with the 

identification of undescribed species of strongyle-type nematodes, suggest current 

L3 larvae identification keys (designed for use in sheep and cattle) should not be 

employed to differentiate specimens recovered from water buffalo. 

Analysis of on-farm management and its effects on gastrointestinal nematode 

prevalence revealed several management factors where farmers may intervene to 

reduce the likelihood of gastrointestinal nematode infection. In Pakistan, 19 

predictors were identified as having a significant relationship with gastrointestinal 

nematode infection, eight of which were highlighted as the most critical factors 

through multivariate analysis.  Body condition score (BCS), an indicator of animal 

health status, was considered the most influential predictor with BCS-1 water buffalo 

being 70% (CI = 0.14–0.58) more likely to be infected by gastrointestinal nematodes 

than BCS-3 water buffalo. In Australia, similar trends were observed, but no 
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statistical validation was undertaken due to a small sample size and low levels of 

infection observed.  

In both Australia and Pakistan, the prevalence of gastrointestinal nematode 

parasitism was associated with parasite transmission pathways and animal stressors 

(such as negative energy status or exposure of naïve livestock to high infective stage 

larvae loads). The practices identified in this study are also common in sheep and 

cattle operations, and when altered, have led to tangible reductions in 

gastrointestinal parasite prevalence. 

To conclude, low overall prevalence of gastrointestinal nematode infections, coupled 

with low infection intensities suggest gastrointestinal nematodes do not pose a 

significant threat to animal health and production in water buffalo in the two farming 

systems investigated in this study. This contrasts with other ruminant farming 

systems, such as cattle, where gastrointestinal nematodes are estimated to cost the 

Australian industry 82.0M AUD per year. Despite the overall low frequency of 

infection and differing production systems employed in Australia and Pakistan, 

several farm management factors that affected the likelihood of gastrointestinal 

infection were identified across both countries. To reduce the incidence of infection, 

these factors could be used as critical points for farmers and their advisors to 

discuss/assess and lead to on-farm practice change. In addition, identification of 

strongyle-type species not described by current morphological identification keys 

highlights the need for an updated key that focuses on gastrointestinal nematodes 

recovered specifically from water buffalo. While the outcomes of this research can be 

applied to farming practices, diagnostics, and monitoring, several avenues of future 

research are warranted. 
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Chapter 1: Introduction 
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Gastrointestinal nematodes cause significant negative impacts in ruminant farming 

systems in both developed and developing countries. These parasites cause 

economic losses on-farm through reduced production, livestock morbidity and 

mortality, and the costs associated with control (Waller, 1999). Worldwide, the 

annual cost of anthelmintics alone is estimated to be tens of billions of dollars before 

considering the cost of production losses (Roeber et al., 2013). Therefore, optimising 

the control of gastrointestinal nematode parasitism is beneficial to ruminant farming 

systems. Current parasitism research has focussed predominantly on sheep and 

cattle farming systems, with prevalence, speciation and management outcomes 

resulting in improved parasite control practices for farmers (Kahn and Woodgate, 

2012; Waller, 1999). While a large body of work detailing parasitism in sheep and 

cattle is available, significant gaps are present in the literature describing parasitism 

in other ruminant species such as water buffalo (Bubalus bubalis). 

More humans are dependent on water buffalo than any other domestic animal 

species (Scherf and Loftus, 1993). Despite this, research outputs detailing water 

buffalo production are fewer than their ruminant counterparts. Their resilience, 

production and draught attributes have made water buffalo synonymous with 

agriculture throughout developing countries in Asia, including Pakistan, where their 

domestication occurred 4000–5000 years ago (Cockrill, 1981). Populations have 

also been established in Europe, the United Kingdom and Australia, where niche 

markets were established due to the increasing popularity of water buffalo products 

(Borghese and Mazzi, 2005). Water buffalo are considered an underdeveloped 

domestic ruminant species (Cockrill, 1981), thus research leading to increased 

production offers great value to farmers. 

In Pakistan, water buffalo produce 67% of the country’s milk, reinforcing the need for 

research that focusses on water buffalo production (Bilal et al., 2006; Burki et al., 

2005). Smallholder farming, where fewer than 10 animals are present on each farm, 

is the predominant system. Water buffalo persistence in this system is vital to farm 

success. These animals act as an asset that can be sold if required, as a daily 

source of wholesome nutrition, and in cases where milk production is surplus to 

family needs, a source of income (Herrero et al., 2012). In developing countries such 

as Pakistan, the effects of parasitism are often exacerbated due to reduced access 

to education and extension, reduced health status of livestock, and reduced access 

to anthelmintic products (Waller, 1997). 
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Water buffalo were introduced into Australia in the 19th century to supply meat to 

remote northern settlements in the Northern Territory. Modern water buffalo farming 

commenced in the 1960s with a focus on meat and milk. Extensive grazing is the 

predominant system and has been associated with high levels of parasitic disease in 

other ruminant systems (Lane et al., 2015).  

Despite their differences, farming systems employed in both Australia and Pakistan 

are subject to gastrointestinal nematode challenges. While management practices 

differ between farms in Australia and Pakistan, parasite lifecycles, transmission risks, 

and water buffalo characteristics are similar in each system. Therefore, an 

investigation into both systems is warranted to compare potential management 

strategies. Furthermore, description of gastrointestinal nematode parasitism in both 

systems will provide outcomes that are adaptable to most water buffalo farming in 

other countries. 

A review of available literature detailing the epidemiology of gastrointestinal 

nematodes infecting water buffalo highlights several gaps due to incomplete reports, 

outdated methodology, or small sample sizes. Most work originates from India and 

Pakistan where the number of water buffalo is greatest. Additional reports originate 

from countries such as Brazil, Poland, Mexico, and Italy (Brasil et al., 2012; Kobak 

and Pilarczyk, 2012; Ojeda-Robertos et al., 2017; Rinaldi et al., 2009).  

Despite being the most frequently farmed large ruminant species in Pakistan, 

management practices and available extension material regarding water buffalo 

farming, have been adapted from cattle management practices. This may be a result 

of the current gaps in water buffalo literature or a lack of access to current applied 

water buffalo literature. Although some characteristics are similar between water 

buffalo and cattle, the physiological differences between these species suggest 

parasitic impact may also differ (Franzolin and Alves, 2010; Sanyal et al., 1995). 

While these practices may provide some relief from parasitism, optimisation of 

management practices for water buffalo is warranted but first requires research into 

prevalence, speciation, impacts and management. 

Water buffalo research in Australia has been limited mostly to reproduction, and 

marketing. Recently, a water buffalo husbandry manual was produced and 

disseminated in Australia (Lemcke, 2017), however, it contained little information 

concerning the impact and control of gastrointestinal nematodes. Water buffalo 

farming in Australia originates in the Northern Territory, where the impact of 
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gastrointestinal nematodes in ruminant production systems is lower than that of east-

coast systems (Lane et al., 2015). As the water buffalo industry progresses, 

increasing numbers of farms are being established in the eastern states of Australia. 

This expansion prefaces a requirement to better understand the epidemiology and 

control of gastrointestinal nematodes in water buffalo, and to assess whether 

increased gastrointestinal nematode management and control is required. 

These factors highlight the need for additional basal research into gastrointestinal 

nematodes infecting water buffalo. Therefore, the overarching aims of this study 

were to investigate current management of water buffalo in Australia and Pakistan, 

with a focus on gastrointestinal prevalance and speciation. The outcomes of this 

research will provide farmers with key information that may be used on-farm to nullify 

the impacts of gastrointestinal nematode parasitism. 
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2.1 Introduction 

Across the world, more than one in ten litres of milk produced is from water buffalo 

(B. bubalis) (FAO, 2017). Dairy water buffalo in Pakistan are under a constant 

barrage of environmental pressures restricting the opportunities for milk production. 

Parasitism is one of these pressures, recognized globally in ruminant livestock 

systems as a major cost to production. In Australia, gastrointestinal helminth 

parasitism is the greatest disease cost associated with sheep and cattle farming. The 

same may be assumed for water buffalo; however, there are several significant 

knowledge gaps that need to be addressed to confirm the status of gastrointestinal 

nematode parasitism in water buffalo in Australia and Pakistan. 

2.2 Gastrointestinal helminths 

Parasitism has a major negative impact on lowering livestock productivity globally 

(Waller, 2006b). Three of the top ten ranked diseases of livestock are caused by 

parasites. Gastrointestinal helminths (including: Haemonchus contortus, H. placei, 

Teladorsagia circumcincta, Trichostrongylus spp., Ostertagia ostertagi, 

Oesophagostomum radiatum, and Cooperia oncophora) are of most importance, 

with liver fluke (Fasciola hepatica and F. gigantica) and T. vitulorum also having an 

important negative production impact (Fitzpatrick, 2013). In developing countries, 

parasites may:  

• cause premature death of livestock; 

• reduce the value of carcase products at slaughter (such as condemnation of 

livers due to fascioliasis); 

• reduce live weight gain; 

• increase abortion rates;  

• increase calving interval;  

• reduce yield and quality of products such as milk; 

• reduce capacity as a beast of burden;  

• alter feed conversion efficiency (Perry and Randolph, 1999). 

In developed agricultural industries, the health and financial impacts of parasite 

disease are also of major production importance. Measures such as monitoring 

parasite infection through routine faecal egg counts, pasture rotation and 

anthelmintic application often fails to eliminate the total impact of parasitic infections 

in developed agricultural systems (Thamsborg et al., 1999). For example, Australia’s 
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highly developed sheep and cattle industries combined loss is approximately one 

billion dollars annually due to gastrointestinal nematode and trematode infections 

(McLeod, 1995; Sackett et al., 2006). In contrast, developing agricultural regions 

such as Pakistan have persistently poor surveillance of parasitic infections in 

ruminant livestock species (sheep, goat, cattle and water buffalo). This combined 

with low education levels of farmers, and generally perceived high cost of 

technology, are major impediments for the uptake of modern control strategies (Khan 

et al., 2009). Considering the productive potential of water buffalo and the value of 

water buffalo products, the control of parasitic infections is crucial for improving the 

financial viability of water buffalo dairy farms (Veneziano et al., 2007). 

2.2.1 Gastrointestinal nematode infections of water buffalo 

Several parasitic gastrointestinal nematodes species have been identified as 

important parasites in farming systems, having a negative impact on ruminant 

livestock production on a global scale (Waller, 1999). Most of these nematodes 

follow a similar lifecycle which is often described as a direct “strongyle-type” lifecycle 

(Figure 2.1) (Taylor et al., 2007). Adult strongyle-type gastrointestinal nematodes 

that infect ruminant livestock include H. contortus, H. placei, T. circumcincta, 

Trichostrongylus spp., O. ostertagi, and O. radiatum. These nematodes shed 

characteristic oval, smooth, thin-walled eggs (70–150 μm) that are passed into the 

environment in the faeces of the host. Eggs hatch, releasing a first stage larvae (L1) 

that feeds on bacteria and undergoes two moults (L1 to L2 and L2 to L3). 

Environmental factors (such as temperature and humidity) dictate the rate of 

hatching and moulting. Warm (25°C), damp conditions favour optimum development. 

Climatic extremes affect the survival rate of strongyle-type eggs and larvae 

(Beveridge et al., 1989), with hot and dry conditions being lethal to larvae and cold 

conditions reducing the viability off eggs and survival of infective L3 larvae. These 

larvae are present in pasture and are ingested by the definitive host whilst grazing. 

L3 larvae develop to L4 and adult stages in the abomasum following ingestion. 

Adults begin shedding eggs approximately two weeks post-ingestion of L3 larvae. 

These species also have a mechanism of arrested development (hypobiosis) during 

periods of inclement weather. Hypobiosis allows ingested larvae to remain dormant 

in the mucosal lining of the intestine until environmental conditions improve, 

enhancing the survival of free-living larval stages of the parasite (Gibbs, 1986b). 

Larvae may remain dormant in host tissue for up to six months. Once the 

environmental conditions have improved, many dormant larvae emerge and re-
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commence development at the same time, commonly, with an acute negative health 

impact on the host animal (Taylor et al., 2007). Assessing dormant larval infections is 

impossible because faecal egg counts give no indication of larvae numbers that may 

be present within the host.  

Ruminant livestock can be infected with small numbers of strongyle-type, nematodes 

with no apparent impact on performance, but as infection levels increase, the 

negative impacts become more apparent. The severity of disease caused by 

strongyle nematodes is also dictated by:  

• the species of parasite; 

• the immune status of livestock; 

• climate; and, 

• animal stress levels (affected by starvation, other disease, pregnancy, 

lactation, transportation, etc.) 

Groups of animals most prone to nematode burdens causing parasitic disease 

include: 1) young animals never previously exposed to the parasites, and 2) adult 

animals, where environmental stressors such as starvation have rendered the animal 

immuno-compromised. These susceptibilities, combined with high rates of L3 

contaminated pasture, lead to serious production losses, and in the most extreme 

situations, death of some livestock.  



9 

 

Figure 2.1 Diagram representing the life cycle of strongyle-type gastrointestinal 
nematodes. 
 

In contrast to strongyle-type nematodes, T. vitulorum (an important tropical parasite) 

is transmitted vertically to suckling young via their mother’s milk. Toxocara vitulorum 

is a pathogenic gastrointestinal nematode of cattle and water buffalo in tropical and 

subtropical regions. If not controlled, T. vitulorum prevalence in calves of water 

buffalo and cattle may approach 100% (Rast, 2013). Adult worms reside in the 

duodenum of cattle and water buffalo calves that are under 12 weeks of age, 

producing large numbers of eggs which are passed in faeces (Rast et al., 2013). 

Eggs of T. vitulorum are almost spherical, 70–80 μm and have a thick and pitted 

membrane (Roberts, 1990). The thick wall of Toxocara spp. eggs ensures they are 

highly resistant to desiccation allowing eggs to remain viable in the environment for 

long periods of time (months to years) (Thienpont and De Keyser, 1981; Starke-
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Buzetti, 2006). Because of the resilience of T. vitulorum eggs, managing the number 

of infective eggs in the environment is difficult. The management technique of 

rotational grazing is less effective for T. vitulorum (compared to strongyle-type 

nematodes) due to the long periods of time livestock would need to be removed from 

an area in order to ensure T. vitulorum eggs were no longer infective. Eggs of T. 

vitulorum are ingested from the environment by livestock during grazing. Toxocara 

vitulorum eggs hatch in the small intestine, larvae migrate through tissues, and then 

persist in a hypobiotic state until late gestation when they migrate to the placenta 

and mammary tissue. Dormant larvae residing in tissues of female adult ruminants, 

can survive for several years and have the potential to infect calves for 1–3 

parturitions. Infective larvae either infect the foetus via the placenta or via the 

colostrum and milk for up to eight days post-partum. Ingested larvae mature in the 

small intestine of the calf within 20–25 days. Adult T. vitulorum can shed up to eight 

million eggs per day. Calves older than eight weeks have rapidly declining faecal egg 

output, most likely due to the development of immunity and ageing of the parasite. 

Adult T. vitulorum are large, 106–400 mm long and 25 mm wide. Worm burdens 

have been reported ranging from 14–1025 per calf (Roberts, 1990; Roberts, 1993; 

Starke-Buzetti, 2006) (Figure 2.2). Toxocara vitulorum is pathogenic to calves 

causing mortality and morbidity; however, intermediate stage infection (larvae in 

adult animals) is not. Losses of 30–80% can occur in two to three-month-old calves 

(Rast et al., 2013). 
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Figure 2.2 Lifecycle of Toxocara vitulorum, adapted from Rast (2006). 

 

2.2.2 Gastrointestinal trematode infection 

The common gastrointestinal trematodes occurring in ruminant livestock species are: 

F. hepatica, F. gigantica, and Paramphistomum spp.. In terms of magnitude of 

impact due to pathogenicity and global prevalence, F. hepatica and F. gigantica (liver 

flukes), are the most important to livestock systems and are also zoonotic. Their 

lifecycles are indirect with definitive hosts (livestock) containing the adult fluke stage 

and intermediate hosts (aquatic lymnaeid snails), containing the rediae and cercariae 

stages. Distribution of liver fluke is restricted to geographic areas conducive to snail 

survival (Chiejina, 2001).  
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Adult liver flukes reside in the gallbladder of host animals (including sheep, goat, 

cattle and water buffalo). Eggs released by adult fluke pass through the bile ducts 

and into the small intestine. From the small intestine, eggs are passed with digesta 

and excreted into the environment in faeces. Once passed, eggs that fall into wet 

areas (near water bodies) develop and hatch releasing miracidia. Miracidia survive 

for only 24 hours during which time they must find and enter a lymnaeid snail.  Once 

inside the snail, larvae develop into sporocysts. Sporocysts develop into redia, then 

cercariae. Cercariae penetrate out of the snail, swim to grass or plants in the water 

where they attach to the foliage and form a protective coat around themselves, 

developing into metacercariae. Metacercariae are resistant to environmental 

conditions and remain infective to ruminant livestock and a range of other species, 

including humans, for several months. Grazing animals ingest metacercariae which 

release an immature fluke into the small intestine. The immature fluke then 

penetrates the intestinal wall and migrates to the liver. After 6–7 weeks the immature 

fluke enters the bile ducts of the liver and develops into an adult. The pre-patent 

period of Fasciola spp. is approximately 8–10 weeks. Adult flukes can live for several 

years and produce over 20,000 eggs per day. Fasciolosis is caused mainly by 

haemorrhage and tissue damage from the migration of juvenile flukes. Additional 

health impacts from the adult flukes occur because of damage to the host bile ducts 

and associated blood loss due to the feeding strategy of the fluke (Hurtrez-Boussès 

et al., 2001; Moazeni and Ahmadi, 2016; Taylor et al., 2007). 

Although accepted as being less pathogenic and of less importance than Fasciola 

spp., paramphistomes also occur worldwide, infecting the gastrointestinal tract of 

ruminant livestock species. Clinical disease is confined to sub-tropical and tropical 

areas where acute infection may cause significant impacts (De Waal, 2010). The 

paramphistome life cycle is similar to that of Fasciola spp. Adult paramphistomes 

shed eggs that are passed with the faeces of the infected definitive host. Eggs 

deposited into water develop and hatch releasing miracidia. Miracidia invade an 

aquatic planorbid snail and develop into cercariae. Infected snails then shed 

cercariae and can continue to shed for up to one year. Cercariae migrate to grass 

and plants and attach to foliage developing into metacercariae. Dependent on 

environmental conditions the metacercariae can remain viable for up to 12 months. 

The definitive host ingests metacercariae whilst grazing on pasture in wet areas 

which border waterbodies. Excystment of metacercariae occurs in the small intestine 

of the host. Juvenile paramphistomes attach to the mucosa for three to six weeks 
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before migrating to the rumen. In the rumen, adult paramphistomes attach to the 

rumen wall and begin to shed eggs (De Waal, 2010).  

2.3 Water buffalo 

Water buffalo are a large domesticated bovid species farmed predominantly in Asia, 

where 95.8% of the current water buffalo population resides. In total, the current 

world water buffalo population is estimated to be upwards of 190 million head and is 

increasing annually by 1.3% (Veneziano et al., 2013). Despite being an endemic 

ruminant species in Asia, between 1990 and 2001, varying trends in population 

growth were observed in different regions. In south-western countries of Asia, such 

as Pakistan and India, water buffalo populations increased by 20%, while in south-

eastern Asia, the population decreased by 12% (Nanda and Nakao, 2003). These 

differences can be explained by the varying demands placed on water buffalo 

throughout Asia. In south-western Asia, water buffalo are farmed primarily for milk. In 

south-eastern Asia, water buffalo are primarily used for draught purposes. However, 

with the continual improvement and increased access to machinery such as tractors, 

the demand for water buffalo in south-eastern Asia is decreasing. In addition to milk 

and draught, secondary useful products provided by water buffalo include, meat, 

hides, and asset security for farmers (Bilal et al., 2006). 

Water buffalo are considered efficient converters of low quality, high roughage 

fodder and can be maintained in extreme environments that are considered too 

harsh for cattle (Warriach et al., 2015). These attributes regarding low quality fodder 

are desirable in Pakistan due to the extreme climatic conditions (temperatures 

reaching up to 50°C), reduced availability of good quality fodder, and periodic 

(seasonal) feed shortages. Pakistan is divided into eight government areas with the 

largest population of water buffalo (76%) residing in Punjab (Borghese and Mazzi, 

2005). 

Although water buffalo are resilient and can survive well in extreme conditions, milk 

production is generally low, 7.5 litres per day (Bilal et al., 2006). Nili-Ravi water 

buffalo, a breed common to Punjab, Pakistan, typically average between 1800-2500 

litres per lactation; however, in high production systems, the breed can produce up 

to 5000 litres per lactation (Pasha, 2007). Even when maintained under optimal 

conditions, water buffalo have lower per-day yields of milk compared to cattle and 

spend a larger portion of their productive life not producing milk due to reproductive 
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traits such as seasonal polyoestrous, silent oestrus and a longer gestational period 

compared to cattle (Warriach et al., 2015). 

2.4 Pakistan 

Pakistan has a diverse range of environments with mountainous regions in the north, 

alluvial flood plains in the east, and desert conditions in the west. In addition to 

government areas, the country has also been categorised into ten zones based on 

agricultural and climatic factors to help describe its geographical variability 

(Chaudhry and Rasul, 2003). Due to the differing climatic and agricultural factors in 

the defined zones, management practices and parasite prevalence may vary. In 

areas with access to river plains, communal grazing may be common. In desert 

areas with low rainfall and high temperatures, free-living stages of parasites may 

have reduced survival due to desiccation. 

The agricultural sector of Pakistan plays a major role in maintaining the economic 

wellbeing and livelihood of the country. Half the working population is employed in 

farming. The largest proportion of these people are employed in the livestock 

industry, focused particularly in dairy production. Pakistan is the third largest dairy 

producer in the world with over 10 million farming families contributing to producing a 

total yield of 29.5 million tonnes (FAO, 2017). 

Pakistan is ranked fourth in the world for dairy production, but despite high milk 

outputs, Pakistan still imports additional milk products (in the form of milk powder) 

annually to alleviate shortages in local supply. Of all farming families, 70% are 

described as operating under subsistence conditions, producing only enough milk for 

their own needs. Due to the increasing urban population in Pakistan, the demand for 

animal-based protein (meat and milk) has and continues to increase. This increasing 

demand for meat and milk has seen a need for increased production on farms in 

Pakistan. Changes in farming systems are occurring in an attempt to meet this 

demand. Saleable milk production has increased by 36% between 2001 and 2011, 

while subsistence farming has decreased (Burki et al., 2005). Increase in milk 

production is largely due to an increase in the number of milk-producing animals kept 

by farmers, not increased production per animal. In the long term, this method of 

expansion is unsustainable. For this reason, the rate of animal population growth is 

expected to slow. The total milk production of Pakistan is estimated to increase by 

5% by 2020, with demand for milk products thought to treble in the same period 

(Wynn et al., 2006). It is imperative that Pakistan focus its attention on increasing 
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milk production through improved productivity of milk producing livestock as opposed 

to increasing the number of animals being milked.  

Milk in Pakistan is obtained from sheep, goats, cattle and water buffalo. Water 

buffalo are the greatest contributor to the total milk yield in Pakistan, supplying 67% 

(Burki et al., 2005). Although water buffalo are used in some high production dairy 

industries in Pakistan, water buffalo (as milk producing animals) are still considered 

an underdeveloped ruminant livestock species. 

Smallholder dairies account for 90% of farms in Pakistan. These farms typically own 

fewer than 10 animals and utilise cut-and-carry feeding (where fodder is grown and 

harvested remotely, then transported to livestock). Although characterised by low 

production, the smallholder dairy system in Pakistan is highly beneficial to rural 

communities. A key factor is the production of milk and other dairy products such as 

ghee. These products are of high nutritional value and are harvested daily. 

Supporting this, rural communities without dairy animals are more nutrient-deficient 

than those with animals, especially women and children (Afzal, 2010). Livestock in 

smallholder systems (namely sheep, goats, cattle, and water buffalo) are also an 

additional source of regular income, and act as a capital asset that provides social 

security for communities when, for example, sudden unplanned expenditure is 

required, including hospitalization, dowry, and school fees (Afzal, 2006).   

2.5 Australia 

The agricultural sector of Australia contrasts greatly with the agricultural sector of 

Pakistan whereby the majority of livestock are managed in extensive operations 

(animals grazed in a series of large paddocks). Historically, agriculture has played an 

important role in the Australian economy. In the first half of the 20th century, 

agriculture accounted for approximately 25% of the nation’s output and between 70–

80% of Australia’s exports. Since then, agriculture’s relative importance within the 

economy has been in steady decline (“Trends in Australian Agriculture”, 2005). 

Australia’s livestock industries play a crucial role in the national economy. Livestock 

industries, consisting primarily of the beef cattle, dairy, sheep, pig and poultry 

industries, account for 45% of the gross value of Australian agricultural output. Some 

78,000 Australian farms, out of a total of 115,000, are involved in livestock 

production, with beef cattle farms being the most common farm type (Keogh M., 

2015). 
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Water buffalo arrived in Australia in the 19th century to supply meat to remote 

northern settlements in the Northern Territory. Imported animals were swamp type 

water buffalo, originating from South-East Asia. The northern settlements were 

disbanded in 1949, and the water buffalo were released into the surrounding areas. 

Water buffalo soon became feral and endemic to the floodplains of the Northern 

Territories. From this feral population of water buffalo, animals were caught and re-

domesticated for farming in 1980. Breeding herds and export operations were 

established to take advantage of these newly domesticated populations (“The feral 

water buffalo (Bubalus bubalis)”, 2011). Since the mid-1990’s, genetic improvement 

has been made to the Australian herd using imported semen and live animals from 

riverine-type water buffalo. Originating from India and surrounds, these riverine-type 

water buffalo are known for increased growth rates and milk production compared to 

swamp type water buffalo. Domesticated water buffalo have disseminated from the 

Northern Territory to all other states of Australia (Lemcke, 2017). Farming operations 

established in the eastern states of Australia are primarily for milk production, while 

those in South Australia and the Northern Territory focus on meat production. In 

2012, there were approximately 65 water buffalo farms across Australia with a 

combined estimated total of 12,000 water buffalo (Williams and Pattinson, 2014).  

At the time of writing, the number of water buffalo dairies in Australia was not 

published; however, we estimate the number to be no more than 10 farms spread 

across Victoria, New South Wales and Queensland. Current management of water 

buffalo in Australia has been predominantly adapted from management practices for 

other ruminant livestock. This is due to the lack of research and experience in 

farming water buffalo in Australia. With physiological differences between water 

buffalo and cattle regarding ruminant digestion (Calabrò et al., 2004), immune 

response (Yang et al., 2012), and metabolism (Sanyal, 1995), an investigation is 

warranted to confirm best-practice management strategies across a range of 

production areas to maximise farm profitability. 

2.6 Current knowledge of gastrointestinal helminths in water buffalo in 

Pakistan 

A previous review of parasitism in domesticated animals of Pakistan, included 

several studies that reported the prevalence of gastrointestinal helminth infections in 

water buffalo (Iqbal, Khan, Kakar, and Jabbar, 2004). Unfortunately, this article did 

not critically analyse the included papers, and failed to highlight several 
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inconsistencies (such as study design and reported methodologies) that should be 

considered when describing the state of gastrointestinal helminth parasitism in 

Pakistan. To date, nineteen studies have reported on gastrointestinal parasite 

infection in water buffalo from Pakistan; however, these investigations have often 

relied on out-dated methodologies, or had study sample sizes that were too small to 

allow meaningful interpretation. These issues culminate in literature containing 

inaccuracies, through misidentification of species, and consequently, unreliable 

parasite prevalence data (Table 2.1). 
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Table 2.1 Literature describing gastrointestinal nematode prevalence in water buffalo in Pakistan. 

Methodology 
Sampling 
Period 

Province District 
Study 
Population 

Identification 
Method 

Species identified (prevalence 
[%]) 

N Reference 

Floatation 1996 Punjab Faislabad Calves up to 6 
months 

Egg morphology, 
Soulsby 1982 

S. papillosus (40.2), T. vitulorum (18.2), 
H. contortus (5.8), Trichostrongylus spp. 
(7.8), O. ostertagi (4.0), O. radiatum 
(3.6), B. phlepbtomum (1.60), 
Nematodirus spp. (0.60), Cooperia spp. 
(3.40), Moniezia. benedeni (2.8), M. 
expansa (1.2) 

500 Anwar (1996) 

MIF-ether 
concentration 

1999 Sindh Hyderabad Calves, 
randomly 
selected 

Egg morphology  T. vitulorum (33.0), O. ostertagi (8.0), T. 
ovis (2.0), F. gigantica (4.0) 

200 Bhutto et al. (2002) 

Floatation 2009 Punjab Toba Tek Singh Calves, random 
selection per 
village 

Egg morphology, 
Soulsby 1982 

S.papillosus, T. vitulorum, H. contortus, 
O. ostertagi, B. phlepbtomum, O. 
radiatum, Trichostrongylus spp., 
Nematodirus spp., Cooperia spp., M. 
benedeni, M. expansa, TOTAL (75) 

80 Bilal et al. (2009) 

Postmortem Nov 2005–
Apr 2006 

Balochistan Quetta Butcher shops, 
convenience 

Soulsby 1982, 
Urqhart 1987 

F. hepatica (11.5), F. gigantica (13.5), P. 
explanatum (5.6) 

340 Kakar and 
Kakarsulemankhel (2008) 

Sedimentation Aug 2008–
Mar 2009 

Punjab Toba Tek Singh Two-stage 
cluster random 
sampling 

Soulsby 1982 F. gigantica (27.4), F. hepatica (7.2) 1200 Khan et al. (2011) 

Floatation, 
larval culture 

Jan 2009–
Jun 2009 

Punjab Muzaffar Garh Random 
selection 

Larvae 
morphology, 

T. vitulorum (16.6), P. cervi (15.0), F. 
hepatica (8.4), O. radiatum, (3.2), B. 
phlebotomum (1.6), Cooperia spp. (1.6), 
Trichostrongylus spp. (0.8) 

500 Raza et al. (2012) 

MAFF 1979, 
Soulsby 1982 

Floatation Mar 2005–
Apr 2005 

Punjab Muzaffar Garh Random 
selection,  

MAFF 1979, 
Soulsby 1982 

T. vitulorum (14), P. cervi (4), F. 
hepatica (11), O. radiatum (2) 

Unknown Raza et al. (2007) 

Sedimentation 

Postmortem Jan-07 Punjab Muzaffargarh  Unkown Soulsby 1982 P. cervi (20) 10 Raza et al. (2009) 

Floatation, 
sedimentation, 
larval culture 

Jan 2008–
Dec 2008 

Punjab Toba Tek Singh Two-stage 
cluster random 
sampling 

Larvae 
morphology, 
Zajac and 
Conboy 2006 

Oesophagostomum spp. (20.4), 
Cooperia spp. (20.1), Trichostrongylus 
spp. (22.9), Strongyloides spp. (16.9), 
Ostertagia spp. (20.3), F. hepatica 
(6.75), F. gigantica (25.6), H. contortus 
(14.3) 

1140 Khan et al. (2010) 

Floatation Unknown Sindh Hyderabad Random slection Egg Morphology T. vitulorum (8), H. contortus (9) 
“Stronglyes” (5) O. ostertagi (0.4) 

1000 Iqbal et al. (2007) 
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Table 2.1 (continued) 

Methodology 
Sampling 
Period 

Province District 
Study 
Population 

Identification 
Method 

Species identified (prevalence (%)) N Reference 

Floatation 
Jul 1976 - 
Jul 1981 

Punjab Lahore 
Presenting at 
diagnostic 
department 

Not specified 
T. vitulorum (8.5), H. contortus (1.8), 
Trichuris sp. (0.2), Fasciola spp. (32.3), P. 
cervi (6.1) 

1773 Afzal et al. (1981) 

Not Specified Not 
Specified 

Punjab Not Specified Not Specified Not specified T. vitulorum (22) Unkown Chaudhri and Riaz 
(1984) 

Floatation Not 
Specified 

Punjab Multan Presenting at 
diagnostic 
department, 
random selection 

Not specified T. vitulorum (41.9) 1843 Masud and Majid (1984) 

Floatation Not 
Specified 

Punjab Okara Cattle and water 
buffalo from 
government farm 

Egg morphology, 
Soulsby 1982 

O. radiatum (60.5), M. diditatus (27.2), S. 
papillosus (14.65), B. phlebotomum (23.9), 
H. contortus (22.3), S. laryngeus (6.7), 
Ostertagia spp. (8.7), C. pectinata (1.2), 
Trichostrongylus spp. (3.5), C. ovina (1.6), 
Nematodirus spp. (0.8) 

3534 Javed et al. (1993) 

Direct Smear Not 
Specified 

Punjab Jhelum Cattle and water 
buffalo, random 
selection 

Larvae 
morphology, 
Soulsby 1975 

T. vitulorum (48.0), B. phlebotomum (24.3), 
C. pectinata (19.1), D. viviparus (40.0), H. 
contortus (58.5), O. radiatum (9.6), O. 
ostertagi (54.6), S. laryngeus (13.0), S. 
papillosus (32.2), T. globulosa (10.0), T. axei 
(50), T. colubriformis (39.5), F. hepatica 
(50.0), F. gigantica (70), P. cervi (45) 

1000 Chaudhry et al. (1984) 

Floatation & 
Sedimentation 

2009 - 
2012 

Punjab Jhang Random 
selection 

Larvae 
morphology, 
Zajac & Conboy 
2006 

O. radiatum (13.0), T. vitulorum (17.8), P. 
cervi (12.9), P. explanatum (14.9), F. 
gigantica (7.6), T. circumcincta (10.8), S. 
papillosus (14.6), T. discolor (11.0), T. 
globulosa (14.1) 

800 Zaman et al. (2014) 

Floatation Feb 2012 - 
Feb 2013 

Balochistan Quetta Random 
selection 

Larvae 
morphology, 
Zajac & Conboy 
2006 

H. contortus (10.0), O. ostertagi (8.3), T. 
colubriformis (6.3), N. battus (6.0), Trichuris 
spp. (3.3) 

300 Ramzan et al. (2017) 

Floatation Not 
Specified 

Khyber 
Pakhtunkhwa 

Charsaddah Not Specified Egg morphology, 
Soulsby 1982 

Trichostrongylus spp. (23.4), 
Oesophagostomum spp. (18.9), 
Haemonchus spp. (13.8) T. vitulorum (13.1), 
Ostertagia spp. (9.6), Bunostomum spp. 
(6.4), Strongyloides spp. (6.1), Mecistocirrus 
spp. (5.1), Trichuris spp. (3.52) 

500 Qureshi et al. (1997) 

Data collection Jul 1994 - 
Jun 2004 

Gujrat Punjab Diagnostic 
facilities 

Not specified Nematode (91.4), Trematode (85.5) 26408 Khalil ur et al. (2009) 
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Studies employed differing methodology for the extraction and identification of 

parasite eggs (Table 2.1). These techniques included: faecal floatation using a 

concentrated saturated solution of sodium chloride solution, direct smear, and MIF-

ether concentration. Comparing the studies, the same gastrointestinal parasite 

species were frequently identified, although extraction methods differed. 

Most studies in Pakistan have been conducted in the province of Punjab (n= 14), 

where the largest population of water buffalo reside. Three other studies have been 

conducted, one in the province of Balochistan and two in the province of Sindh. In 

the Balochistan (2), Sindh (2) and Khyber Pakhtunkhwa (1) studies, between 200 

and 1000 animals were sampled. The sample sizes in the Punjab studies varied from 

10–1200 animals. The prevalence of gastrointestinal parasites in these studies 

varied greatly (14–81.6%). Factors contributing to this large range include differing 

collection methods, the length of time over which parasite infection was monitored, 

sampling locations (with contrasting climatic conditions and management practices), 

and highly variable sample sizes. 

In most studies, survey design also contained an inherent risk of bias. Studies either 

failed to describe their sampling strategy (Chaudhri and Riaz, 1984; Qureshi et al., 

1997) or used a method of sampling where the likelihood of parasite infection 

(influenced by factors such as immune-status, or age of the water buffalo) was not 

considered. For example, slaughterhouse surveys (Kakar and Kakarsulemankhel, 

2008), while accurately identifying infections, run the risk of selecting animals of one 

demographic. The meat industry of Pakistan is secondary to milk and because of 

this, most ex-dairy water buffalo being slaughtered are old, sub-performing animals, 

or males (often malnourished having been reared in poor conditions). It is likely 

these animals may be more immunocompromised than non-cull stock and may 

therefore have a higher incidence of parasite infection in comparison to the main 

population. Studies that recruited their study population through veterinary diagnostic 

facilities (Afzal et al.; Masud and Majid, 1984) are also likely to be misrepresentative. 

Regular submission of faecal samples to diagnostic facilities is not commonplace in 

Pakistan, unless the animal is showing clinical signs of disease. Studies employing 

this methodology therefore select for parasitised water buffalo and do not represent 

the farmed population. 

In comparison to most studies, Khan et al. (2010) and Zaman et al. (2014) employed 

study designs that use current techniques and methodology. These surveys 
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described parasite incidence using a large sample size (n = 1140 and n = 800, 

respectively), a stratified sampling technique, and differentiated strongyle-type 

nematodes using in vitro culture of L3 larval stages followed by morphometric 

identification techniques. The gastrointestinal helminth prevalence (39% and 

59.38%, respectively) reported in these studies is more likely to be accurate and 

represent the water buffalo population in Punjab, compared to the other studies. 

Khan et al. (2010) and Zaman et al. (2014) also investigated the influence of age and 

sex on helminth prevalence, observing increased levels of gastrointestinal helminth 

parasitism in young animals and male animals. This information is valuable to on 

farm decision making; however, further investigations are warranted to assess whole 

farm management and its influence on gastrointestinal helminth prevalence. 

2.6.1 Toxocara vitulorum 

The presence of T. vitulorum eggs in water buffalo calves in Pakistan has been 

reported in several studies (Afzal et al.; Anwar, 1996; Bhutto et al., 2002; Chaudhri 

and Riaz, 1984; Chaudhry et al., 1984; Jyoti et al., 2012a; Jyoti et al., 2014; Jyoti et 

al., 2012b; Masud and Majid, 1984; Qureshi et al., 1997; Raza et al., 2012; Raza et 

al., 2007; Zaman et al., 2014). In these studies, eggs were extracted from faeces 

using saturated sodium chloride floatation or MIF-ether concentration methodologies 

as described in Soulsby (1982). Prevalence in these studies varied between 14–

41.9%. In most studies describing T. vitulorum in water buffalo in Pakistan, calves 

were defined using cohorts, with the lowest age being either “0–120 days” or “up to 6 

months old”. In some studies, the age of animals was not described (Raza et al., 

2012; Raza et al., 2007). The period of egg output by T. vitulorum in water buffalo 

calves is short, usually occurring between 13 to 104 days following birth (Neves et 

al., 2003). Outside this period, it is unlikely to find T. vitulorum eggs in the faeces of 

water buffalo calves. Studies in water buffalo calves in Laos have suggested 

prevalence of up to 100% in calves under 2 months of age (Rast et al., 2013; Rast et 

al., 2014). The variation in parasite prevalence between defined age cohorts of water 

buffalo in Pakistan was investigated in two studies (Bhutto et al., 2002; Khan et al., 

2010). These studies defined calves as “up to 6 months old”. Within this defined age 

cohort, calves under two weeks old carrying a T. vitulorum infection are unlikely to 

express eggs in the faeces. Similarly, calves above four months old may have had a 

previous T. vitulorum infection, but by this age immune response and death of the 

adult parasite has caused egg release to cease. This suggests the published 
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prevalence data on T. vitulorum in calves in Pakistan may underestimate the true 

infection rate in water buffalo calves. 

2.6.2 Strongyle-type nematodes 

Strongyle-type nematodes have been reported in all studies where gastrointestinal 

nematode species were targeted, and floatation or MIF-ether concentration protocols 

were employed. The species of helminths identified varied between studies with one 

or more of the following being recorded: O. ostertagi, T. circumcincta, H. contortus, 

Trichostrongylus spp., B. phlebotomum, C. pectinata and O. radiatum. Between 

studies, the predominant strongyle-type nematode species varied. Five studies 

differentiated strongyle nematodes at the L3 larval stage (Chaudhry et al., 1984; 

Khan et al., 2010; Ramzan et al., 2017; Raza et al., 2012; Zaman et al., 2014). Other 

studies either relied on identification of eggs or did not describe their method of 

identification. Mixed infections of strongyle-type species are common, and 

differentiation between species based solely on egg morphology is unreliable. 

Current best practice is to identify eggs only as “strongyle-type” then to incubate 

eggs in faeces at 26°C for one week. The resultant L3 stage larvae can be collected 

and examined microscopically to determine species (Van Wyk and Mayhew, 2013). 

Haemonchus contortus was reported in eight studies on water buffalo from Pakistan; 

however, H. placei has, so far, not been described in water buffalo from Pakistan 

(Anwar, 1996; Afzal et al., 1981; Bilal et al., 2009; Chaudhry et al., 1984; Iqbal et al., 

2007; Javed et al., 1993; Khan et al., 2010; Ramzan et al., 2017). A Brazilian study 

in a range of ruminant species investigated the proportion of Haemonchus species in 

water buffalo where L3 larvae were identified to genus (Brasil et al., 2012). The 

identification of Haemonchus to species in this study was performed based on 

molecular sequences of internal transcribed spacer 2 (ITS2) rDNA. The proportion of 

species were found to be different between cattle and water buffalo. In cattle, the 

proportion of Haemonchus infections was 91% H. placei and 9% H. contortus, while 

in water buffalo the proportion of infections was the reverse, 23% H. placei and 77% 

H. contortus (Brasil et al., 2012). Although H. contortus has been reported in water 

buffalo in Pakistan, a substantial number are potentially H. placei, something that is 

not highlighted in the current studies in Pakistan. Differentiating between H. placei 

and H. contortus using morphological techniques is difficult. In future studies 

targeting Haemonchus spp. in water buffalo, the use of molecular methods for 

identification should be the method of choice. 
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In two studies on water buffalo in Pakistan, S. papillosus was identified as the most 

prevalent parasite species present (Anwar, 1996; Bilal et al., 2009); however, other 

studies, S. papillosus was not reported. Strongyloides papillosus is not a true 

strongyle-type nematode. Eggs of S. papillosus are smaller than strongyle-type eggs 

and contain larvae prior to being passed by the water buffalo. It is possible S. 

papillosus may have been misidentified as late-stage strongyle-type eggs that had 

developed larvae. To avoid the risk of this potential issue in future studies, 

identification using the larval stage parasites, or sequencing of extracted DNA will 

prevent misidentification at the egg stage. Careful measurement of eggs is still a 

useful technique in differentiating between S. papillosus (50 µm long) and strongyle-

type eggs (70–150 µm long) (Zajac and Conboy, 2012). 

2.6.3 Other nematode species infecting water buffalo in Pakistan 

In addition to strongyle-type nematodes, Trichuris spp. has also been reported 

infecting water buffalo (Bhutto et al., 2002). Commonly known as whipworms, 

Trichuris species can be found in a range of livestock species (cattle, sheep, goats 

and camels), and have been reported in other ruminants (Taylor et al., 2007). The 

lifecycle of Trichuris varies from the strongyle-type nematode whereby patent adult 

females, located in the large intestine, release eggs that are excreted onto pasture 

via faeces. Eggs of Trichuris are distinctive, being lemon-shaped and having polar 

plugs at each end of the egg. These attributes make misidentification of Trichuris 

during faecal egg counts unlikely. Within one to two months of excretion, the 

infective L1 larvae stage develops within the egg. The larvated eggs are extremely 

resilient and under optimal conditions may remain viable for several years. Larvated 

eggs are ingested by the host species and develop into the adult stage in the large 

intestine. 

In Pakistan, only one study identified T. ovis during faecal egg counts (Bhutto et al., 

2002). Given the low likelihood of misidentifying eggs of the genus, the prevalence of 

Trichuris spp. appears to be low in water buffalo from Pakistan. Of note, the 

prevalence of Trichuris spp. appears to be lower than the prevalence of strongyle-

type nematodes, a group of parasites with greater pathogenicity (Taylor et al., 2007). 

Bhutto et al. (2002) is the only study to have employed MIF-ether extract for the 

isolation of nematode eggs from water buffalo faeces, with others using floatation 

techniques. The chosen methodology of Bhutto et al. (2002) may have increased the 

likelihood of identifying Trichuris eggs; however, in faecal egg counts of sheep, 
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Trichuris infections have previously been identified using floatation techniques 

(Bisset et al., 1996). 

A number of Trichuris species occur in ruminants, and morphological differentiation 

is difficult in egg and adult stages (Callejón et al., 2015). Bhutto et al. (2002) 

described the presence of T. ovis based on egg morphology alone, which may result 

in species misidentification. Molecular characterisation of Trichuris species 

recovered from water buffalo is yet to be undertaken but, if undertaken, would 

identify which species of Trichuris may be present. 

2.6.4 Trematodes 

Pakistan is in a region where both F. hepatica and F. gigantica are endemic. 

Differentiating between F. hepatica and F. gigantica using morphological methods 

may be unreliable due to overlapping characteristics and the possibility of hybridized 

specimens. For a better description of species present, molecular methods of 

identification should be used where available (Mas-Coma et al., 2009). 

Differentiating between F. hepatica and F. gigantica is important due to the 

difference in pathogenicity between these species. Because of its faster growth 

compared to F. gigantica, and the speed of its progression through the migratory 

phases of its life cycle, F. hepatica is considered to be the more pathogenic of the 

two (Raadsma et al., 2007). Raadsma et al. (2007) was completed in a controlled 

experiment in sheep infected with either F. hepatica or F. gigantica and the 

outcomes may not transfer to water buffalo infected with the same species. To date, 

there have been no reports of pathology or immunology in water buffalo infected by 

Fasciola spp.. 

All studies identified fluke from eggs in faeces using morphological methods (Table 

2.1). For this reason, prevalence data from these papers should be amalgamated 

and considered as Fasciola spp.. In Sindh, a prevalence of 4% infection with 

Fasciola spp. was recorded (Bhutto et al., 2002), while in Punjab, reported 

prevalence ranged from 4–65% (Bhutto et al., 2002; Khalil ur et al., 2009). Such 

variation may be indicative of the collection time (seasonal variation), or the cohort of 

animals selected for sampling. There may also be a misidentification of 

paramphistome (P. cervi) eggs inflating the number of infected animals. Khalil ur et 

al. (2009) presented data from diagnostic laboratories and reported 65% of samples 

were positive for liver fluke. This value suggests liver fluke infection is an endemic 

problem; however, it is important to highlight that the process of submitting samples 
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to diagnostic laboratories in Pakistan is not a regular management practice. It is 

highly likely that these samples were submitted due to water buffalo showing clinical 

signs of infection (such as mandibular oedema (bottle jaw), or ill thrift) and therefore 

skewed the data presented in this paper to describe a higher prevalence of liver fluke 

infection than that present in the normal population. Excluding Khalil ur et al. (2009), 

reported prevalence ranges from 4–32.36%. Prevalence variation may be due to the 

environmentally restricted distribution of gastrointestinal trematodes. In regions of 

Pakistan where water buffalo have rare access to waterbodies (rivers, canals and 

dams), the prevalence of liver fluke infection is likely to be low when compared to 

regions where water buffalo have regular access to waterbodies. 

Paramphistomum cervi has been reported in water buffalo from Pakistan in six 

studies, with prevalence ranging between 4–45% (Chaudhri and Riaz, 1984; Raza et 

al., 2007). Although distribution is widespread, P. cervi are typically considered of 

minor importance in terms of pathogenicity. The sub-tropical climate of Pakistan 

provides conditions where acute P. cervi infection may be present in water buffalo; 

however, the literature does not reflect whether this is the case. All studies 

describing trematode infections used sedimentation or direct smear techniques to 

separate eggs from faeces. If present, P. cervi eggs can be differentiated from those 

of Fasciola spp. (by differences observed in the operculum); however, eight studies 

reported Fasciola spp., while only six reported P. cervi. Reasons for P. cervi not 

being reported more commonly may include the misidentification of eggs (identifying 

P. cervi as Fasciola spp.), possibly due to the perception of P. cervi having minimal 

health impacts on water buffalo in Pakistan and therefore not being reported, or due 

to the absence of P. cervi in the sampling areas of some studies. 

2.6.5 Seasonal variation of gastrointestinal helminths 

Seasonal variation in the prevalence of gastrointestinal intestinal helminths in water 

buffalo has not been addressed in previous studies. In cattle, total gastrointestinal 

parasite prevalence in Pakistan is greatest in autumn, followed by, spring and winter, 

with the lowest infections recorded in summer (Khan and Maqbool, 2012). While 

there are no readily available published data on seasonal variation of intestinal 

helminths in water buffalo, the same seasonal variations as seen in cattle could be 

expected. The size of an infective larvae population in the surrounding environment 

is dictated by factors such as climatic condition. Climatic conditions vary seasonally 

throughout the year, impacting the survival of free-living parasite stages (Quinnell et 
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al., 1990). The likelihood of parasites developing into their infective stage (egg to 

L3), and survival time once developed into the infective stage, will both be affected 

by temperature and moisture variations across the season (Beveridge et al., 1989).  

2.6.6 Impact of gastrointestinal helminths 

There have been few reports on the impact of gastrointestinal helminths in water 

buffalo (either financial or animal health related). Rast et al. (2014) described the 

clinical and economic impacts of T. vitulorum in cattle and water buffalo in Laos 

demonstrating a net benefit to farmers of between 3.69 USD and 14.86 USD when 

calves were treated with pyrantel. This net benefit to farmers was calculated 

assuming T. vitulorum caused between 25% and 100% of morbidity and mortality in 

infected calves.  

Khan et al. (2011) estimated the economic impact of fascioliasis in cattle and water 

buffalo populations in Toba Tek Singh, Punjab, Pakistan. Fifty water buffalo infected 

with Fasciola spp. were selected from the district, 25 animals were treated with 

oxyclozanide (16.6 mg/kg), and 25 acted as untreated controls. An average daily 

increase of 0.87 litres of milk, with 0.41% increase in milk fat per animal, was 

observed in oxyclozanide-treated water buffalo. Based on these data the cost of lost 

milk production in animals infected with liver fluke was estimated to be 0.33 USD and 

0.32 USD per animal per day for cattle and water buffalo, respectively. Khan et al. 

(2009) developed a cost benefit analysis for the management of fasciolosis using 

common fasciolicides in five districts of Punjab, Pakistan. Post-treatment, average 

milk yields increased by 0.62 litres per animal. In addition, fat levels in milk had 

increased by 0.35%. The calculated cost benefit ratio was described as 3.9, meaning 

in this instance, an input cost of one dollar returned a benefit of 3.9 dollars. 

2.7 The impact of other livestock diseases in Pakistan 

Aside from parasitism, several important diseases are considered endemic to water 

buffalo production systems in Pakistan. These include foot and mouth disease 

(Jamal et al., 2010), haemorrhagic septicaemia (Farooq et al., 2007) and mastitis 

(Riaz et al., 2013). In smallholder production systems, these diseases may cause 

reduced production from ongoing disease challenges, or cause sudden mortality 

resulting in the loss of a significant asset. 

The impacts of these diseases and subsequent on-farm management are important 

to consider when investigating gastrointestinal nematode management. The 
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presence of several diseases with easy-to-identify clinical signs and significant 

mortality and morbidity, such as foot-and-mouth disease and haemorrhagic 

septicaemia, challenge the priority of parasite management in a farming system. 

Compared to diseases with acute production impacts, gastrointestinal helminth 

parasitism is considered less important, and more likely to go un-managed, despite 

the potential for production losses. 

2.8 Gastrointestinal helminth parasitism of water buffalo in Australia 

Current literature detailing water buffalo management originates from countries such 

as Pakistan, India, Italy and Brazil (Brasil et al., 2012; Raza et al., 2007; Sreedevi 

and Hafeez, 2014), that have contrasting management practices to farms in 

Australia. The majority of farmed water buffalo in the world originate from India and 

Pakistan where farming systems are intensive, with few animals owned by farmers 

who cut-and-carry fodder. These differences, such as intensive fodder feeding 

versus grazing, affect the likelihood of infective stages of the gastrointestinal 

parasites being ingested. Although prevalence may vary between geographical 

locations, literature derived from other countries has identified several 

gastrointestinal nematode species that commonly infect water buffalo, such as 

Haemonchus spp., T. circumcincta and Trichostrongylus spp. (Brasil et al., 2012; 

Raza et al., 2007; Sreedevi and Hafeez, 2014). These parasites are also endemic 

and common in Australia, infecting mainly sheep and cattle (Roeber et al., 2013). 

Many of these parasites lack host specificity (Amarante et al., 1997). With sheep and 

cattle acting as potential reservoirs of infection, we hypothesise that Australian water 

buffalo may also become host to a variety of these parasitic species that could have 

adverse health and productivity impacts. 

In the cattle and sheep production sectors of Australia, gastrointestinal nematodes 

have a significant impact on livestock health, farm production and system 

profitability. Because of this, regular on-farm monitoring of nematode infection 

together with control and management strategies should be continuous in an effort to 

reduce the effects of gastrointestinal helminth parasitism (Waller, 2006b). In 

extensive-style farming operations, such as those found in many parts of Australia, 

gastrointestinal parasite management revolves primarily around controlling 

gastrointestinal parasite populations through the application of anthelmintic 

chemicals at strategic times that are dependent on climate, and other on-farm 

practices such as calf marking. In more intensive operations, additional management 
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strategies are also utilised such as rotational grazing. There is a significant impact 

caused by gastrointestinal nematodes in other ruminant livestock species (alpaca, 

goats, sheep, cattle) in Australia (Jabbar et al., 2013; Lane et al., 2015; McLeod, 

1995). It is assumed there may also be some level of health and production impacts 

(retarded growth, reduced production, and costs of purchasing veterinary health 

products) associated with gastrointestinal parasites in water buffalo herds.  

2.9 Methods for identification of gastrointestinal parasites in water buffalo 

At present, methods for the identification of gastrointestinal parasites in water buffalo 

have been adapted from those used to identify infection in cattle. The validity of 

these diagnostic techniques in water buffalo should be investigated due to the 

distinct physiological differences between these ruminant species. To date, there are 

no publications validating diagnostic methods for the detection of gastrointestinal 

parasites infecting water buffalo. 

2.9.1 Faecal egg counts 

Faecal egg counts are the primary test used for the diagnosis of gastrointestinal 

helminths infections in many animal species including ruminants. These techniques 

can be either binomial, reporting the presence or absence of gastrointestinal 

helminth eggs only, or quantitative, giving an estimate of infection intensity. Faecal 

egg counts can be used to gauge the rate of infection in a given population, the 

intensity of gastrointestinal helminth infections, monitor drug efficacy and highlight 

any potential anthelmintic resistant parasite populations (Cabaret and Berrag, 2004). 

Faecal egg counts are not without their limitations. Strongyle-type nematodes cannot 

be differentiated by FEC alone due to the similarities in egg morphology between 

several important strongyle-type nematode species. The varying fecundity, and 

pathogenicity of strongyle-type nematodes limits the value of faecal egg counts when 

the species present is unknown (Zajac, 2006). To better describe the potential 

impact of a gastrointestinal helminth infection, identification to genus or species is 

required. For species with distinct egg morphology such as S. papillosus, T. 

vitulorum, Nematodirus spp., Trichuris spp., and Capillaria spp., identification is 

relatively straightforward (Eysker and Ploeger, 2000). However, the identification of 

strongyle-type nematodes to genus or species using egg morphology is problematic. 

Faecal egg count protocols have undergone multiple iterations to optimise the assay. 

Assay components such as floatation solution, dilution ratio and count cell volume 

have been investigated (Cringoli et al., 2004). Previous work has identified 1:15 
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dilution sucrose solution and a 1 mL cell volume gives the most accurate 

representation of eggs per gram; however saturated sodium chloride solution is now 

commonly used in diagnostic laboratories due to its ready availability, ease of 

preparation, lower viscosity and the low cost of salt (Vadlejch et al., 2011). 

2.9.2 Speciation using L3 larval morphology 

The overlapping morphology of strongyle-type gastrointestinal nematode eggs limits 

species identification of infections based on faecal egg morphology. To accurately 

identify the gastrointestinal nematode infections to species present, faecal cultures to 

obtain larvae, followed by morphological identification of L3 larvae is often employed. 

Several reference keys have been developed for the description of strongyle-type 

larvae of species infecting ruminants (Soulsby, 1982; Van Wyk and Mayhew, 2013; 

Zajac and Conboy, 2012). In most instances, the use of keys to describe common 

nematode species is accurate; however, morphometry of L3 larvae is variable 

dependent on host species, and faecal culture conditions. This should be considered 

during identification (Van Wyk and Mayhew, 2013). 

2.9.3 PCR 

Employing the use of polymerase chain reaction (PCR) can provide a more definitive 

identification of gastrointestinal helminths, particularly when the morphological 

characteristics of eggs, larvae, and adults are overlapping. 

2.9.3.1 Conventional PCR 

Conventional PCR is regularly used as a research tool, but its value as a regular 

diagnostic technique is limited. Critical to the use of PCR as a tool for species 

identification, is the selection of a suitable DNA target region. Ribosomal RNA genes 

have been used extensively for phylogenetic analyses. The rDNA sequences 

(include 18S, 5.8S, and 28S) and intergenic spacer regions provide a rich source of 

molecular characters for developing a phylogenetic framework for nematodes (Dorris 

et al., 1999). Primer sets designed for the amplification of rDNA regions, namely 

internal transcribed spacer 1 (ITS1) and internal transcribed spacer 2 (ITS2), have 

regularly been used for the molecular characterisation and phylogenetic analyses of 

strongyle-type nematodes recovered from ruminant livestock (Gasser, 2006). Primer 

sets have also been developed that encompass both regions, commonly referred to 

as ITS+ (Gasser and Hoste, 1995). The rDNA region is highly conserved, and in 

most cases sufficiently divergent, giving enough information to identify samples to 
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species (Blouin, 2002). In some cases, increased divergence is required and 

amplification of mitochondrial DNA regions may be more suitable (Gasser, 2006). 

These regions are still highly conserved, but have more variability than rDNA 

sequences. Cytochrome oxidase I (COI) is a frequently amplified mitochondrial DNA 

gene used for gastrointestinal helminth identification (Blouin, 2002). Both ITS2 and 

COI are reported to have been amplified successfully from Hamonchus spp. 

recovered from water buffalo (Brasil et al., 2012).  

2.9.3.2 Multiplex PCR 

Multiplex PCR utilises multiple primer sets simultaneously to amplify several different 

DNA sequences in one reaction cycle. The primers developed for multiplex PCR of 

gastrointestinal helminths will typically amplify regions of differing lengths, allowing 

for the quick differentiation of common species. Compared to larval cultures that may 

take 1-2 weeks to culture, multiplex PCR can be performed on eggs in a few hours, 

ensuring a short turnaround time to obtain a definitive result. The development of 

semi-quantitative Multiplex PCR assays makes regular use of molecular techniques 

more commercially viable (Hunt and Gasser, 2009). The resulting diagnosis may 

identify infections to the genus level and negate the need for larval culture (Zarlenga 

et al., 2001). Current protocols still require faecal floatation, followed by the isolation 

of eggs, however research is underway to develop a Multiplex PCR assay protocol 

that extracts parasite DNA directly from faeces, removing the requirement for 

floatation and isolation off eggs (Roeber et al., 2017). To date, there have been no 

reports of the sensitivity and specificity of multiplex PCR at very low infection 

intensities, and no effort has been made to develop techniques for use in water 

buffalo. 

2.9.4 Necropsy 

Necropsy of ruminants is the most reliable way to assess adult nematode infection 

intensities. Adult stage nematodes are more easily differentiated using morphological 

characteristics compared to L3 larvae. The biggest limitation of necropsy; however, 

is the destruction of livestock to assess parasite infection. The utilisation of abattoirs 

may also be of value for the examination of multiple gastrointestinal tracts, and 

estimation of prevalence, levels of infection, and species present (Nwosu et al., 

2007). However, as discussed previously, the population of livestock presenting at 

an abattoir needs to be considered in study designs. 
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2.9.5 Diagnostics in developing countries 

In selecting diagnostic techniques for use in developing countries such as Pakistan, 

factors such as available technology, level of education and training of personnel 

must also be considered. Faecal egg counts may not be the most accurate method 

for the detection of gastrointestinal parasite infection in water buffalo. However, 

because of the simplicity of the methodology and the need for only low-cost reagents 

and equipment, faecal egg counts may be the most appropriate method to use in 

many parts of the underdeveloped world. Diagnostic techniques such as enzyme-

linked immunosorbent assays (ELISA) and polymerase chain reactions (PCR) are 

impractical, being high cost, requiring skilled operators and needing access to 

sophisticated equipment. In recent years, the usefulness of Loop-mediated 

isothermal amplification (LAMP) assay in developing country diagnostics has been 

evaluated (Ai et al. 2010). This technique requires low cost technology in comparison 

to ELISA and PCR, making it more appropriate for use in field applications in 

countries such as Pakistan. 

For farmers in Pakistan, easy access to inexpensive diagnostic services plays a 

large role in the decision of a farmer to incorporate parasite diagnostics into their 

management practices. The time to obtain a result and additional labour to collect 

samples can reduce the uptake of services into general farm management. In 

addition, farmers in Pakistan may have to travel large distances to access a 

diagnostic service which is an additional major disincentive. Therefore, turnaround 

time needs to be short so farmers can deliver their samples and have a same-day 

result to abrogate the need to return to receive results, thus reducing the time off 

farm. 

2.10 On-farm prevention and control 

2.10.1 Anthelmintic application in water buffalo 

Variations in the efficacy of anthelmintics in various ruminant species have been 

identified (González Canga et al., 2009). These differences, coupled with 

parasite/host preference, strongly suggests “one-size” does not fit all and that 

anthelmintic dosage rates and active constituents for cattle may not be applicable for 

use in water buffalo. Also, when using anthelmintics as tools to control 

gastrointestinal helminth parasitism, application of anthelmintics at the correct dose 

is essential (Sutherland and Leathwick, 2011). Delivery of anthelmintics at the 

correct rate is often difficult in Pakistan due to the absence of livestock scales in 
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many areas (Tariq et al., 2013). In Australia, access to scales is more common but 

their general use on Australian water buffalo farms to determine drench doses is rare 

(personal observation, 2015). 

Heavy infection with T. vitulorum results in high morbidity or mortality in calves under 

3 months old (Rast et al., 2013). Application of macrocyclic lactones is an effective 

method of management, with many products capable of reducing morbidity and 

mortality in calves (Avcioglu and Balkaya, 2011a, b; Rast et al., 2014). A 100% 

reduction in faecal egg output in calves over 16 days post-application can be 

achieved using anthelmintics (Avcioglu and Balkaya, 2011a). 

Liver fluke (F. hepatica and F. gigantica) infection is an important animal health 

problem in the livestock industry of Pakistan. The pharmacokinetics and efficacy of 

flukicides in water buffalo is different to cattle. A number of studies (Sanyal, 1995, 

1996, 1997; Sanyal and Gupta, 1998) have investigated the kinetic disposition of 

triclabendazole in water buffalo compared to cattle. These studies calculated 

pharmacokinetic values of multiple treatments including recommended rates (based 

on cattle), increased rates (double the recommended rate) and extended low level 

administration. The outcomes of these studies described a significant difference in 

the relative bioavailability of triclabendazole between water buffalo and cattle. Water 

buffalo failed to achieve values equal to cattle when recommended (cattle) or 

increased dosage rates were administered. Extended, low level administration has 

been shown to be more effective at maintaining a higher presence of active 

metabolites (Sanyal and Gupta, 1998; Windsor et al., 2018). These studies suggest 

investigating the use of anthelmintic impregnated lick-blocks for the administration of 

low rate anthelmintics over an extended period. Concerns about the increased 

development of anthelmintic resistance due to administration of low doses of 

anthelmintic over time have been raised. The use of anthelmintics in Pakistan is 

widespread but animals are rarely weighed and may be commonly under-dosed, 

incorrect chemicals may be selected, and poor timing of application may lead to 

anthelmintic application being ineffective (Saddiqi et al., 2012). Better education and 

access to information for farmers and technical staff regarding use of anthelmintics 

would help to mitigate this problem.  

Less research is available detailing anthelmintic use that targets gastrointestinal 

nematode infections in water buffalo compared to cattle. One pharmacokinetic study 

has described the pharmacokinetic profiles of albendazole, a broad-spectrum 
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anthelmintic effective against gastrointestinal trematodes, nematodes, and cestodes, 

in cattle and water buffalo (Sanyal, 1997). Outcomes of this research indicate the 

bioavailability of albendazole is not significantly different between water buffalo and 

cattle. This contrasts with triclabendazole where a significant difference was 

observed between water buffalo and cattle (Sanyal, 1995, 1997). The variations in 

bioavailability observed between anthelmintic products in water buffalo (as compared 

to cattle) suggests further research is required to define effective dose rates for all 

current anthelmintics. 

Faecal egg count reduction tests (FECRT) are a tool commonly used to describe the 

efficacy of anthelmintics (Cabaret and Berrag, 2004). In developed agricultural 

systems, FECRT are typically used to assess the presence of anthelmintic resistant 

parasite populations. In the instance of a novel product, or host species, they may be 

used to define effective dose rates (Kaminsky et al., 2009). Although they have some 

limitations, FECRT are low cost, are low impact on the host animal, and require 

minimal staff training in faecal egg counts. In water buffalo, one study has employed 

FECRT, investigating the efficacy of three anthelmintics (albendazole, ivermectin, 

and a levamisole and oxyclozanide combination) at recommended cattle dose rates. 

Results concluded that albendazole was 100% effective against infection but, after 

28 days, water buffalo in the ivermectin and combination groups, were still expelling 

gastrointestinal worm eggs (55–10% of original output) (Alsaad and Al-Iraqi, 2010). 

The study failed to identify the population(s) of gastrointestinal parasites, and 

whether there was a history of resistance on the farm, but the results support the 

need for additional research into the pharmacokinetics and efficacy of common 

anthelmintics in water buffalo. 

Aside from organic chemicals, plant-based tinctures (ethnoveterinary products) have 

also been investigated for anthelmintic efficacy. A commercially available, plant-

based product (Dewormin) was shown to be 100% effective against strongyle-type 

nematodes in water buffalo calves (Singh et al., 2007). These results are supported 

by in vitro studies of medicinal plant extract efficacy against adult nematodes (Sujon 

et al., 2008). Ethnoveterinary applications are also often locality-based, with access 

to plants varying between regions. The recommendation of using plant extracts as 

anthelmintic treatment should therefore be treated with caution, but as observed with 

the plant-based product “Dewormin”, there is merit in continuing the research into 

commercial plant-based anthelmintics. 
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2.10.2 Integrated pest management 

Integrated pest management (IPM) is the coordinated application of multiple parasite 

control methods within a system (Waller, 1993). IPM requires a detailed knowledge 

of the ecology of target parasitic species; however correct incorporation of multiple 

control strategies, such as chemical and physical management, should have a 

synergistic effect at reducing on-farm gastrointestinal helminth parasitism (Scott and 

Sutherland, 2009). 

The application of IPM management for water buffalo has the potential to be of 

considerable use in Australia, where no anthelmintics are registered for use in water 

buffalo. Non-chemical strategies that may be of value to water buffalo farmers in 

Australia include: 

• Understanding regional gastrointestinal nematode epidemiology; 

• Ensuring that “clean pastures” are available for susceptible livestock at key 

times such as weaning; 

• Strategic grazing with alternating ruminant species, or less susceptible 

cohorts;  

• Intensive rotational grazing; and, 

• Increasing nutrient supply (Kahn and Woodgate, 2012). 

While these management strategies have been researched in sheep and cattle 

parasite management, they have not been investigated in water buffalo. The basal 

information required to start development of IPM is the understanding of 

gastrointestinal nematode epidemiology with water buffalo as the definitive host. 

Currently, this information is limited in Pakistan, and no information is available in 

Australia. 

2.10.3 Current state of parasite management in Pakistan 

As in all developing countries, the control of gastrointestinal parasites in Pakistan is 

difficult. Farmer education and access to extension materials has inhibited the 

adaptation of modern livestock management practices. Farooq and Qudoos (1999) 

surveyed 150 farmers across 15 villages of Punjab, Pakistan. They found 84% of 

farmers were not familiar with parasite control. Failure to learn and adopt improved 

farm practices was due to the perceived cost and/or lack of capital available to invest 

in improvements. Farmers were also concerned about the adulteration of 
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anthelmintics pre-sale through illegal dilution and absence of laboratories to 

undertake testing of livestock for parasite infection and other livestock diseases. 

The cost of anthelmintic application is perceived as high by some farmers (Farooq 

and Qudoos, 1999). Perceptions of high cost reduces the likelihood that a farmer will 

incorporate anthelmintic use into their parasite control strategy, or may lead to the 

use of anthelmintics at dose rates or frequencies that are lower than what is 

recommended. Under dosing, dosing at the wrong time of the year or overdosing will 

have an adverse impact of farm profitability. Access to scales to weigh livestock is 

low; animals are often not weighed, and doses are calculated on an estimated 

weight leading to over or under dosing. To mitigate this problem, the use of a “weight 

measuring tape”, although not ideal, is a more effective way of estimating weight 

than by eye (Wood et al., 2015). Farmers may also deliberately under-dose, thinking 

this action will extend the time they can apply the product (Satrija et al., 2001). The 

application of anthelmintics at sub-therapeutic doses can decrease efficacy and may 

lead to the development of parasite drug resistance (Sutherland and Leathwick, 

2011). Also, if the treatment is applied at suboptimal levels and is either ineffective or 

only partially effective, the purchase price of the product is a wasted expense to the 

enterprise. 

2.11 Aims of this study 

The overall aim of this study is to assess the prevalence of gastrointestinal 

nematode infection in water buffalo in Australia and Pakistan (identifying the infecting 

species using both morphological and molecular techniques) and understand farm 

management practices that may be facilitating persistence of gastrointestinal 

nematode infections.  

Specifically, the study will: 

1. Estimate the prevalence of gastrointestinal nematode infection in water 

buffalo from Australia and Pakistan (Chapter 3 and 4). 

2. Describe current management practices used on farms in Australia and 

Pakistan and identify practices (risk factors) that affect the prevalence of 

gastrointestinal nematode infection in smallholder farms (Pakistan) and 

extensive grazing operations (Australia) (Chapter 3 and 4). 

3. Use morphological and molecular methods to describe gastrointestinal 

nematode species infecting water buffalo in Australia and Pakistan.  
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4. Compare the identified species with previously described species and 

parasites known to infect sheep and cattle (Chapter 5). 
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Chapter 3: Gastrointestinal parasite prevalence and on-farm 

management factors associated with infection in water buffalo 

from Punjab, Pakistan  
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3.1 Introduction 

Gastrointestinal helminth parasitism is a major problem that impacts all global 

livestock industries (Waller, 2006a), with three of the top ten infectious diseases 

caused by parasites. The most important livestock parasites are strongyle-type 

gastrointestinal nematodes, with liver fluke (F. hepatica and F. gigantica) and T. 

vitulorum also of importance in various parts of the world (Fitzpatrick, 2013). In 

developing countries, the impacts of gastrointestinal helminth parasitism on livestock 

are exacerbated by malnutrition, exposure to adverse environmental conditions, and 

exposure to other endemic diseases. In developing countries, parasitic infections 

may lead to premature death of livestock, reduced value of product at slaughter 

(such as hides), reduced live weight gain, increased abortion rates, increased inter-

calving interval, reduced yield and quality of products such as milk, reduced capacity 

as a beast of burden, and altered production of dung (rendering the dung less 

suitable for use as fuel or fertilizer) (Perry and Randolph, 1999). The impact of 

gastrointestinal nematodes on animal health and production is more acute in 

developing countries located in tropical regions compared to countries in non-tropical 

regions (Waller, 1997). The reason for this is the climatic conditions within tropical 

regions (characterised by warm temperatures and high humidity) are conducive to 

longer survival of parasite eggs and free-living infectious larval stages in the 

environment.   

Pakistan is a developing country located just outside the true tropical zones (by 

latitude); however, many regions of Pakistan experience mild winters, hot summers, 

and monsoonal rains. Pakistan is the third largest dairy producer in the world (FAO, 

2017), with over 20 million farming families contributing to an estimated total yield of 

44.3 million tonnes of milk per year (Pakistan Bureau of Statistics, 2011). Despite 

this, Pakistan still imports milk products annually due to shortages in local supply 

(Umm e Zia, 2011). Given that parasites can impact milk production in ruminant 

livestock, it is important to consider the impacts of gastrointestinal nematodes in 

water buffalo dairy systems in Pakistan. Although it is unlikely to be the most limiting 

factor to milk production, the incorporation of good management practices that 

minimise the impact of gastrointestinal nematodes will improve livestock production 

(Gross et al., 1999; Perry and Randolph, 1999; Radfar et al., 2015). Of all farming 

families, 70% are described as operating under subsistence conditions (Burki et al., 

2005). The predominant livestock species farmed to produce milk in Pakistan are 
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sheep, goats, cattle, and water buffalo. Water buffalo are the greatest contributor, 

supplying 67% of the total annual milk yield (FAO, 2017). Water buffalo are 

considered efficient converters of low quality, high roughage fodder and can be 

maintained in extreme environments too harsh for cattle (Warriach et al., 2015). 

Although water buffalo are resilient and can survive well in extreme conditions, milk 

production is generally low, 7.5 litres per day (Bilal et al., 2006). Nili-Ravi water 

buffalo, a breed common to Punjab, Pakistan, typically average between 1800-2500 

litres per lactation; however, in high production systems, the breed can produce up 

to 5000 litres per lactation (Pasha, 2007). Even when maintained under optimal 

conditions, water buffalo have lower per-day yields of milk compared to cattle and 

spend a larger portion of their productive life not producing milk due to reproductive 

traits such as seasonal polyoestrous, silent oestrus and a longer gestational period 

than cattle. These traits lead to increased time between calves (compared to cattle), 

which has a direct effect on the number of days a water buffalo produces milk 

(Warriach et al., 2015). Although the greatest contributor to the national milk supply, 

water buffalo are considered the most underdeveloped ruminant livestock species in 

Pakistan. The success of water buffalo in Pakistan is due mostly to their resilience in 

adverse conditions, and the preference of consumers in Pakistan for water buffalo 

milk versus milk from other ruminants (Pasha, 2007). Water buffalo play a vital role 

in smallholder dairy farms in Pakistan. In this system, any impact, particularly 

deleterious, on production has direct implications for the farmer, both economically 

and socially (Bilal et al., 2006). 

Veterinarians and technical officers in Pakistan regard gastrointestinal parasites as 

having a significant impact on water buffalo health. However, due to limited farmer 

knowledge and understanding of animal health, the impact of parasites on livestock 

is often not well understood or is unrecognised by producers. Infections may be 

subclinical, but still affect production, and associated clinical signs can often be 

mistaken for other endemic diseases. There have been few studies on 

gastrointestinal nematode infections of water buffalo from Pakistan (Anwar, 1996; 

Bhutto et al., 2002; Bilal et al., 2009; Iqbal et al., 2007; Khalil ur et al., 2009; Khan et 

al., 2010; Mufti et al., 2015; Rafiullah et al., 2011; Raza et al., 2012; Raza et al., 

2007). Literature concerning parasitism in livestock in Pakistan focuses on cattle, 

rather than water buffalo. The article repository PubMed has 223 current records 

relating to water buffalo in Pakistan, compared to 424 relating to cattle. This is likely 

due to the large international knowledge base of cattle health and production. 
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Considering water buffalo comprise of 60–70% of the dairy industry in Pakistan, 

there is a surprising lack of data on the impact of gastrointestinal nematodes in water 

buffalo. 

Nineteen studies have reported on gastrointestinal helminth infections in water 

buffalo from Pakistan. However, whilst some of the studies provide insight into the 

status of gastrointestinal helminths in water buffalo, outdated reference material and 

small sample size limits value of the study data. These issues culminate in data 

containing inaccuracies, either through misidentification of parasite species or 

prevalence data of questionable reliability. Apart from the nineteen studies focusing 

on gastrointestinal helminths in water buffalo from Pakistan, globally, literature 

describing the relationship between water buffalo and gastrointestinal nematodes is 

also limited. Only a small body of work is available, originating from countries 

including India, Italy, Brazil, and Poland (Brasil et al., 2012; Cringoli et al., 2010; 

Kobak and Pilarczyk, 2012; Sreedevi and Hafeez, 2014). Areas of research, such as 

parasite prevalence, clinical and economic impact, and the control of parasitism in 

water buffalo, require further investigation. 

Diagnostic tools such as faecal egg counts (FEC) are regularly used in control 

programs for sheep and cattle, assessing the current infection status of a flock or 

herd (Roberts and Swan, 1981; Waller, 2006b). Faecal egg counts use low-cost 

equipment, are simple to conduct and require cheap readily available consumables. 

The training of personnel to undertake the procedure is easy and uncomplicated, 

making it an ideal test for ongoing use in developing countries (Cringoli et al., 2004; 

Gordon and Whitlock, 1939). The McMaster technique is a useful, non-invasive 

diagnostic tool to gauge the level of gastrointestinal nematode infection in ruminant 

livestock for use by veterinarians or animal health workers during farm visits. 

Although there are defined numbers of eggs per gram (EPG) in faeces that indicate 

intervention is needed for other ruminant livestock (sheep and cattle) (Vercruysse 

and Claerebout, 2001), research is yet to identify the numbers of eggs per gram in 

water buffalo that warrants intervention with anthelmintics.  

Due to the gaps in current knowledge regarding gastrointestinal nematode 

parasitism of water buffalo in Punjab, Pakistan, described in the literature review, the 

aims of this chapter are to estimate gastrointestinal nematode prevalence using two 

approaches, (1) faecal egg counts of water buffalo on-farm, and (2) examination of 

gastrointestinal tracts from slaughtered water buffalo for parasitic nematodes. 
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Secondary aims are to understand on-farm management and investigate the 

relationships these practices may have on parasite prevalence. It is anticipated that 

gastrointestinal nematode prevalence is moderate (40-50%), and several 

management characteristics will influence gastrointestinal nematode parasitism on 

small-holder dairy farms in Pakistan, with some being more influential than others as 

is evident in sheep and cattle systems. 
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3.2 Materials and methods 

3.2.1 On-farm survey 

Between 21/08/2015 and 07/10/2015, a cross-sectional survey was conducted 

among smallholder dairy farmers in Punjab, Pakistan. This study was conducted in 

collaboration with the Agriculture Sector Linkages Program (ASLP) dairy extension 

research project (LPS/2010/2007) through the Australian Centre for International 

Agricultural Research (ACIAR). The ASLP project aims to strengthen the dairy value 

chains in Pakistan through improved farm management and more effective extension 

services. The ASLP project has been implemented in seven districts in Pakistan, and 

involves eight to ten villages in each district, with a group of 15 to 20 farmers in each 

village (Figure 3.1). Farmers registered with the ASLP dairy project receive 

education and training at regular intervals on whole-farming systems (basic 

husbandry, nutrition, reproduction and calf rearing) to improve the farm production 

(McGill et al., 2016). 

3.2.1.1 Sampling location 

Five districts were selected (Bhakkar, Jhelum, Kasur, Okara, and Pakpattan) for 

operational convenience, whereby ASLP had ongoing relationships in the area which 

aided in facilitating farmer co-operation (Figure 3.2). Farms in these districts are 

predominantly smallholder dairy farms with fewer than ten large ruminants (cattle 

and/or water buffalo). Although convenient, these districts also represented varying 

agro-climatic areas, therefore, some aspects of farm management were expected to 

differ. The districts of Okara, Pakpattan and Kasur were relatively close to each 

other, while Jhelum and Bhakkar were 250–300km away from other districts. District 

Bhakkar experiences lower rainfall than other districts (Table 3.1). District Jhelum is 

intersected by a large river system. Districts Okara, Pakpattan and Kasur are 

intersected by a moderate river system and experience moderate rainfall with 

irrigation water sourced from canal networks.  

 

Table 3.1 Climate statistics of districts within Pakistan selected for gastrointestinal 
nematode prevalence, and farmer management surveying. Data retrieved from 
AccuWeather. 

District Annual 
rainfall 
(mm) 

Average min. 
monthly 
temperature (°C) 

Average max. 
monthly 
temperature (°C) 

Predominant 
rainfall months 

Jhelum 842 5.0 40.7 Jul–Aug 
Kasur 424 5.1 40.8 Jul–Aug 
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Pakpattan 234 5.1 41.6 Jul–Aug 
Okara 296 5.1 41.2 Jul–Aug 
Bhakkar 213 4.2 42.1 Jul–Aug 

 

Within each district, villages already registered with the ASLP extension program 

were selected, based on the cooperation of key farmers and local extension workers. 

One week of sampling was allocated per district. In each district, faeces were 

collected from as many water buffalo on as many farms as possible in the allotted 

period. One hundred and five farms were sampled in total, with between 154–212 

water buffalo being sampled from the 17–35 farms in each district. 
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Figure 3.1 Districts of Pakistan with Australian Sector Linkages Program Dairy 
Project involvement. Gastrointestinal nematode surveying and farmer management 
questionnaires were undertaken in all highlighted districts of Punjab. 
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Figure 3.2 Districts of Punjab, Pakistan and farm sample locations.  Gastrointestinal 
nematode surveying and farmer management questionnaires were undertaken in all 
highlighted districts of Punjab. 
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3.2.1.2 Collection of farm management data 

A survey, designed to describe current farm management practices, was completed 

with each farmer. Questions were developed to identify farm practices that may 

influence parasite transmission and infection levels in a farmer’s animals. Questions 

were designed in consultation with the ASLP team, who had previously collected 

farm management data in Pakistan using questionnaires. The survey was modified 

in consultation with extension workers to increase ease of communication between 

the surveyor and farmer. Upon entering each farm, farmers were read information 

explaining their participation in the survey in their local language (Urdu or Punjabi) as 

required by the Charles Sturt University Human Research Ethics Committee (HREC) 

(protocol number: 2015/244). Farmers, having given informed consent, were asked a 

series of close-ended questions. The answers were entered into a tablet using 

“iSURVEY” (Harvest Your Data, 2015). Data were uploaded each day and exported 

for storage in a comma-separated value format behind a password wall in adherence 

to HREC requirements. 

3.2.1.3 Faecal sample collection 

Faecal samples were collected on all farms that completed the farmer management 

survey in accordance with the Animal Care and Ethics Committee requirements 

(protocol number: 15/077). The number of water buffalo on recruited farms ranged 

from one to forty animals, with most farms having between three and ten animals. 

When less than ten animals were present on-farm, faeces were collected from all 

animals. A maximum of ten water buffalo were sampled on each farm.  When more 

than ten water buffalo were present on-farm, each water buffalo was assigned a 

number, and ten were randomly selected for the collection. There were no selection 

criteria imposed on water buffalo selected. However, in some instances, farmers 

asked that certain animals not be sampled (typically young calves). Water buffalo of 

both sexes and all ages were selected for sampling.   

Water buffalo were restrained, and faecal samples were collected per rectum. A 

sample size of approximately 100 mL was collected, allowing adequate volumes for 

FEC and larval culture. If 100 mL of faeces was unable to be collected, the maximum 

amount of faeces possible was collected. If the collection from a water buffalo 

produced no faeces, the animal was not included in the study; however, if another 

water buffalo was present on the farm, not initially selected for sampling, this animal 
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was sampled. In the field, samples were stored on ice in an insulated container and, 

at the conclusion of sampling each day, were transferred to the laboratory via courier 

where they were stored refrigerated at 4 °C in the diagnostic laboratory until 

processed. Samples were stored for up to three days before FEC were performed. 

3.2.1.4 Additional data collected on individual water buffalo 

Additional information (including sex, body condition score [BCS], age, time since 

last calf, lactation and time since anthelmintic application) was also recorded for 

each water buffalo that was sampled. This information was collected by a trained 

field officer, with the help of the farmer, at the time of faecal collection. Throughout 

the collection period, the same field officer completed the form with each farmer to 

minimise variation, particularly with respect to subjective factors such as BCS. As 

soon as possible after completion, data were entered into an Excel spreadsheet and 

saved electronically. 

3.2.1.5 Faecal processing 

3.2.1.5.1 Faecal egg count 

Faecal egg counts were undertaken using a modified McMaster technique with 

saturated sodium chloride as the floatation reagent (Cringoli et al. 2004; Whitlock 

1948). Sodium chloride was selected due to the logistical constraints of fieldwork in 

rural Pakistan. High quality sodium chloride was abundant and accessible, while 

other potential reagents (including magnesium sulphate or sucrose) were not. 

Consulting with veterinary diagnostic laboratories and veterinary technicians also 

highlighted the regular use of saturated sodium chloride solution. This further 

supported the selected methodology, ensuring outcomes would best reflect on-farm 

situations. 

The specific gravity of water buffalo faeces was estimated at the commencement of 

the trial in order to convert eggs per millilitres. Repeat measurements for weight and 

volume of water buffalo faeces resulted in a conversion factor of 1.124. 

Seven millilitres of saturated sodium chloride solution was added to a modified 10 

mL syringe. The syringe plunger was drawn back until the meniscus reached the 3 

mL graduation. Faeces were added to the modified syringe until the total volume was 

10 mL (calculated using displacement) when the liquid reached the top of the 

modified syringe. Syringe contents were transferred to a 100 mL graduated cylinder. 

Fifty millilitres of saturated sodium chloride solution was added to the measuring 

cylinder, giving a total volume of 60 mL. The faecal mixture was then mixed 
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thoroughly using a plunger to ensure the faeces were broken up and evenly 

suspended within the mixture. After mixing, a 1000 µm mesh sieve was inserted into 

the mixture to prevent faecal debris from being drawn into the pipette. One millilitre 

of the suspended faecal mixture was quickly drawn from the measuring cylinder 

using a disposable plastic pipette before the eggs had time to become concentrated 

towards the top of the fluid column. The drawn-up suspension was then loaded into 

two 0.5 mL cells of a Whitlock universal worm egg counting slide. Once loaded into 

the egg counting slide, all eggs observed were counted. Slides were viewed using 

the 4x objective lens and eggs were counted based on their morphological 

characteristics as described by Zajac and Conboy (2012). The number of eggs per 

gram of faeces was calculated using the formula: 

 

This method can only identify egg burdens greater than 22.5 parasite eggs per gram 

as this equates to one egg being seen in the counting chamber. Samples with more 

than 80 EPG were stored for a larval culture which was completed within three days 

of collection.  

3.2.1.5.2 Larval culture 

Larval cultures were prepared by mixing the remaining faeces with equal parts perlite 

(a non-organic, heat-treated volcanic glass additive used to aerate the media). A 

small volume of water was added to the mixture as required until the desired 

consistency was achieved — moist, but not saturated, and able to hold together, 

while still retaining air pockets. The culture mixture was transferred to a jar, and the 

lid loosely screwed on to minimise evaporation but allow for some airflow. Cultures 

were stored in a dark place at room temperature which ranged between 20–28 °C. 

Cultures were monitored daily for six days. Additional water was added to cultures if 

they were becoming dry. After six days, culture jars were slowly filled with water to 

the top, forming a meniscus. A plastic Petri dish was then placed over the mouth of 

the jar and the jar inverted. The Petri dish was filled with water and the culture 

allowed to stand for 24 hours, giving larvae time to move from the culture media to 

the water, sediment, and move into the Petri dish. After 24 hours, the water in the 

Petri dish was transferred into a 50 mL centrifuge tube with a pipette. The Petri dish 

was washed out to ensure no larvae were left behind. The centrifuge tube was left 

upright for 24 hours to allow the larvae to sediment. After 24 hours, the top 35 mL of 
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water was carefully removed from the centrifuge tube with a pipette. Ten to fifteen 

millilitres of water, together with the sedimented larvae, were left in the centrifuge 

tube. Absolute ethanol was then added to the centrifuge tube, reaching a 

concentration of approximately 80% ethanol to fix the larvae and preserve DNA for 

later molecular examination. 

3.2.1.6 Morphological identification of nematode eggs 

Nematode eggs, recovered from faecal samples using the modified McMaster 

technique, were identified morphologically using the egg characteristics described in 

Zajac and Conboy (2012). Strongyle-type eggs (Haemonchus, Teladorsagia, 

Cooperia, Trichostongylus) are approximately 60–80 µm long, oval, thin-shelled, and 

contain 4–16 cells (dependent on age, length of storage, and storage temperatures). 

Strongyle-type eggs are all similar and cannot be easily differentiated to genus. As a 

result, strongyle-type eggs were not classified to genus, and were described for 

statistical analysis as “strongyle-type”. Eggs of Moniezia, Trichuris, Capillaria, 

Nematodirus, Toxocara and Strongyloides have definitive morphology, allowing eggs 

of these species to be identified to genus using standard morphometric methods.  

3.2.1.7 Statistical analyses 

Faecal egg count results were entered into an Excel spreadsheet and stored 

electronically. Farmer survey data, collected with “iSURVEY”, were exported into a 

comma separated value file. These datasets were imported into the statistical 

package “R” for analyses (R Core Team, 2017). These analyses aimed to describe 

farm management practices and water buffalo characteristics, parasite prevalence, 

and to identify significant correlations between farm management, water buffalo 

characteristics and parasitic infection rates. Data were sorted and organised to 

represent each water buffalo and corresponding data recorded from each farm 

(iSURVEY data). Parasitic infection (eggs per gram) was analysed as a 

TRUE/FALSE statement (binomial) and fitted against each factor (individual farm 

practices and individual animal characteristics) using generalised linear modelling 

(GLM). This univariate analysis identified any variables that fitted the model (p < 

0.05). Odds ratios (OR) were then calculated for these significant factors. Graphical 

outputs were developed using the “ggplot2” package (Wickham, 2009). An 

exhaustive method of model selection was employed to identify the most descriptive 

multivariate model. All possible models, including interactions, were computed using 

the univariate predictors identified as significant (p < 0.05) from farm and water 

buffalo data. An Akaike information criterion (AIC) value was calculated for each 
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model iteration. The model with the lowest AIC was selected as the final model, 

where the estimated information loss is lowest compared to the “true model” 

(Burnham and Anderson, 2003; Calcagno, 2013). 

3.2.2 Prevalence of gastrointestinal parasites in water buffalo killed in 

abattoirs in Punjab, Pakistan 

Post-mortem examinations of water buffalo abomasa were conducted to estimate the 

incidence and worm burden of gastrointestinal nematode infection in slaughtered 

water buffalo. These animals originated from similar regions as water buffalo 

sampled on-farm during the FEC survey. 

3.2.2.1 Location of abattoir 

Two abattoirs (one government owned, one privately owned) were selected for 

necropsy of abomasa and data collection. These abattoirs were located within 

Punjab, Pakistan and slaughter livestock from areas surrounding Lahore and Multan 

(similar locations to farms sampled during FEC surveying). These abattoirs used 

differing systems, with one solely being a service provider (government run), and the 

other, a purchaser of livestock (private). Between the two abattoirs, the 

demographics of livestock and their worm burdens were expected to differ. 

The government abattoir slaughters mainly cull stock, these are animals that have 

failed to breed and consequently produce no milk. Inability to produce a calf is 

indicative of a reduced health status that could be attributed to poor nutrition, 

disease, insufficient water, or advanced age. The majority of the water buffalo 

sampled in this cohort were estimated to be greater than six years of age (six teeth 

or eight teeth) and recorded low carcass weights for their age. Being senior animals, 

with a reduced health status, we anticipated an increased susceptibility to 

gastrointestinal nematode infection.  

The private abattoir slaughters mainly young stock destined for domestic and export 

markets. Export markets included both offal and meat products that are primarily 

shipped to Middle Eastern countries. Water buffalo sampled from this abattoir were 

approximately 12 to 30 months (having milk teeth, or two permanent teeth). Based 

on data from cattle (Armour 1989), we anticipated there should be a high incidence 

of infection in the young livestock processed at this abattoir. 
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3.2.2.2 Animal selection 

Data collection occurred over full, single day shifts at the abattoir. Due to the time 

required to record animal data on the processing line, and examine the abomasum in 

the offal room, not all animals could be recorded. At the commencement of a 

processing shift, animals were selected in groups of four as they entered the 

processing line. Once all data were recorded, and the abomasa examined, the next 

four animals to enter the processing line were selected. This process was repeated 

for the duration of the shift. Shift length varied depending on the number of animals 

to be processed. 

3.2.2.3 Tracking livestock through the processing line 

Each water buffalo entering the processing line was given an identification number. 

This number was stuck to the carcass of the animal after the skin was removed. 

Once the water buffalo reach the offal removal area, an identical number was 

attached to the rumen. The offal was then removed and transported into an adjacent 

room via a chute. This identification number was used to track animals throughout 

the abattoir. 

3.2.2.4 Animal data collection 

Information about the water buffalo included in the study was recorded using 

CommCare (Dimagi, 2015) on Android OS tablets. This information included sex, 

carcass weight and number of adult teeth (as an estimate of age).  

3.2.2.5 Examination of abomasa 

Abomasal examination occurred on the production line of the functioning abattoir. 

The abomasum was removed from the gastrointestinal tract at the pyloric sphincter 

and the omaso-abomasal opening. This step was carried out by abattoir workers as 

the omasum, and small intestine were required by the abattoir for further processing 

and subsequent sale. Once the abomasum was received, an incision was made from 

the pyloric sphincter to the omaso-abomasal opening, and the abomasum was 

opened. Any gut contents were removed and placed in a deep sided pan, then 

inspected for any nematodes. If there was a large volume of gut contents, the 

contents were sieved using a 1000 μm sieve and water. The abomasum was 

examined, ensuring any folded sections were inspected. Any nematodes observed 

were collected and stored in 80% ethanol for later identification. Due to the nature of 

the production line, a stereoscope was not employed and as such, small nematodes 

in low abundance may not have been readily visible. The presence or absence of 
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parasites, the offal identification number, and an image of the abomasum were then 

recorded using CommCare. At completion, the abomasum was returned to abattoir 

workers for subsequent processing and sale. 
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3.3 Results 

3.3.1 Farm demographics 

3.3.1.1   Farm structure 

Within our cohort of farms (n = 105), the typical structure consisted of a mixed farm 

with more than one species of ruminant livestock (water buffalo, cattle, sheep or 

goats), and cultivated cash and fodder crops. Farms were classified as either being 

registered with the ASLP extension programs (47.6%; having access to ASLP 

extension materials and training), or not registered with the ASLP extension 

programs (52.4%; not having direct access to ASLP extension materials, training, 

and meetings). A typical farm consisted of a herd of nine water buffalo (range = 1–

40), and three cattle (range = 0–20; Figure 3.3 and Figure 3.4). Cattle and water 

buffalo on all farms in the survey were farmed using the same animal management 

practices and housed at the same location. 

Farms with many water buffalo (>15) were often owned by several family members 

and run as a co-operative. The animals were housed together, usually close to each 

other (no more than 2 m apart). They were either tethered or housed in small penned 

areas. The management practices were the same for all water buffalo within a 

shared family farm. For this reason, these ‘co-operative’ farms were considered as 

one unit. 
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Figure 3.3 Number of water buffalo owned per in the study population in Pakistan. 

 

 

Figure 3.4 Number of cattle owned per farm per in the study population in Pakistan. 
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3.3.1.2 Farm management of water buffalo and cattle 

Farms typically have water buffalo and cattle restrained by a tether (74.2%), which is 

either attached to a stake in the ground, or a large structure such as a feed trough. 

Twenty-six per cent of cattle and water buffalo were housed in fenced off 

containment areas. Most animals had shelter available, in the form of trees or built 

structures (Image 3.1 and Image 3.2). Ten per cent had no shelter available. All 

farmers surveyed used fodder crops (such as berseem and sorghum) as a primary 

source of feed for their livestock using a cut-and-carry method. Feeding frequency 

varied between once per day and free access (ad libitum). Thirty-five per cent of 

farms also communally grazed their livestock with the majority of these farms 

(40.0%) being located in the district Jhelum. Water was offered to water buffalo 

either two (30.4%), three (36.1%) or four times per day (5.7%), the remaining were 

given free access to water (27. 6%). Anecdotal evidence showed that favouritism 

between livestock was observed during farm visits with “high producing cows” 

sometimes given preferential treatment (such as increased fodder or increased 

anthelmintic volume). This was not considered in the survey form or the data 

analysis. 

 

Image 3.1 On-farm animal containment using tethers. Location: Kasur. Photograph 
taken by Thomas Williams on 21/08/2015. 
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Image 3.2 On-farm animal containment using fences. Location: Kasur. Photograph 
taken by Thomas Williams on 21/08/2015. 

 

At the time of the survey, farmers had a median of two (0–8) water buffalo being 

milked. Farms had a median of five (1–27) mature females, old enough to be milked 

(approximately three years old). A relationship between the total number of water 

buffalo owned and the number of water buffalo being milked was observed, i.e. as 

the total number of water buffalo on a farm increased, the proportion of water buffalo 

being milked decreased (Figure 3.5). 
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Figure 3.5 Relationship between the total number of water buffalo owned and the 
proportion of water buffalo in lactation. 

 

Twenty-seven per cent of farms had water buffalo cows abort during the twelve 

months before the survey. One farm experienced four abortions in their water buffalo 

(44.5% of the water buffalo on-farm). Water buffalo calf mortality was observed on 

20.0% of farms, ranging from one to three calves in the twelve months before 

surveying. 



58 

 

3.3.1.2.1 The use of anthelmintics on-farm 

At the time of surveying, farmers on 26.0% of farms were using anthelmintics as part 

of their ongoing farm management practices. Forty-eight per cent of farms surveyed 

had previously used anthelmintics, but no longer use any anthelmintic product. 

Twenty-four per cent of farmers had never used anthelmintics in their farm 

management practices. 

3.3.1.2.2 Anthelmintic use and associated factors 

Farmers believed using anthelmintics would increase production. Most farmers 

stated anthelmintics were easily available. Twelve per cent of farmers were unsure 

of anthelmintic availability, and a small number of farmers believed anthelmintics 

were not easily available. In a follow-up question, farmers were asked if they 

believed anthelmintics were affordable. There was no apparent consensus on the 

cost of anthelmintics. A small majority of farmers believed anthelmintics were 

affordable; however, many farmers were unsure of the cost, or believed 

anthelmintics were expensive. Sixteen per cent of farmers were currently using or 

had previously used local plant-based alternatives to control gastrointestinal parasite 

infections.   

3.3.1.2.3 Availability of animal health services 

All farmers had access to some form of animal health service. One farmer had 

access only to a “village quack”, described as a local person with great knowledge, 

often across more than one area (i.e. agriculture and human medicine). All other 

farms (n = 104) had access to at least one official service including veterinary 

assistants, university staff, government veterinary officers and non-government 

veterinary officers. During the survey, farmers had the option to select more than one 

service. Despite access to animal health services, few farmers (31.4%) had 

previously spoken about gastrointestinal parasitism in livestock with an animal health 

service.Prevalence of gastrointestinal nematodes in water buffalo on farms in 

Punjab, Pakistan 

A total of 954 water buffalo (Bhakkar 203; Pakpattan 192; Kasur 193; Jhelum 212; 

Okara 154) were examined during the study, from 105 farms. The number of faecal 

samples collected from farms ranged between 1 and 15. Gastrointestinal nematode 

eggs were present in 29.55% of faecal samples and 70.65% contained no 
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gastrointestinal nematode eggs. Eighty per cent of farms owned at least one water 

buffalo that was infected by a gastrointestinal nematode species.  

Data on gastrointestinal nematode species recovered from water buffalo faeces are 

presented in Table 3.2. Capillaria sp. and Toxocara sp. were only observed once, 

and Trichuris sp. was observed four times during faecal egg counts. The eggs of 

these species have a distinct shape, allowing for easy identification to genus based 

on morphology. Protozoa were also observed in some animals at low levels (6.27%). 

Eggs of the cestode Moniezia sp. were recorded in 1.36% of samples but the 

species was not determined. 

Table 3.2 Prevalence of parasite eggs found in water buffalo in Pakistan. 

Parasite Count  Prevalence (%) 

Capillaria sp. 1 0.10 

Toxocara sp. 1 0.10 

Trichuris sp. 4 0.42 

Moniezia sp. 13 1.36 

Eimeria sp. 51 5.35 

Stronglye-type egg 276 28.93 

Negative Samples 608 70.65 

 

The frequency of infections per farm was also investigated. On 15% of farms, only 

one water buffalo was infected with gastrointestinal nematodes. On these farms the 

total number of water buffalo ranged between three and ten. No farms were recorded 

as having a 100% gastrointestinal nematode infection rate during the survey. The 

highest proportion of infection observed was seven water buffalo of ten recording 

gastrointestinal nematode infections. No apparent trends were observed between 

the number of water buffalo on a farm and the level of infection. 

The largest proportion of nematode eggs observed were strongyle-type, making up 

98.57% of nematode positive samples. The number of samples positive to strongyle-

type eggs varied between districts (Bhakkar [19.70%, n = 203], Kasur [24.35%, n = 

193], Okara [32.47%, n = 154], Pakpattan [30.21%, n = 192] and Jhelum [38.21%, n 

= 212]). Water buffalo aged 0–6 months had the highest frequency of egg recovery 

(66.7%), but this cohort also had the fewest samples (n = 6). The rate of infection 

decreased until water buffalo reached 3 and 4 years of age (14%). Water buffalo 

over four years of age maintained low levels of gastrointestinal nematode infection 

with small amounts of variation (Figure 3.6). 
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Figure 3.6 Proportion of gastrointestinal nematode infection by age where ‘1’ is a 
gastrointestinal nematode positive sample and ‘0’ is a negative sample. 

 

Of the samples that were positive for strongyle-type eggs (n = 280), the infection 

intensity was low, ranging between 22.5 and 360 EPG with distribution highly 

skewed to the left. The average FEC score was 53.6 EPG (Figure 3.7). Both 

Trichuris sp. and Capillaria sp. registered low EPG scores (22.5–40 EPG). Toxocara 

vitulorum was also identified once with a recorded score of 360 EPG. 
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Figure 3.7 Distribution of infection intensity (eggs per gram) for faecal samples that 
were positive for strongyle-type nematodes. 

3.3.3 Statistical analysis of farm demographics and gastrointestinal nematode 

prevalence 

3.3.3.1 Univariate analysis of farm management factors and gastrointestinal 

nematode infection 

The relationship between farmer management practices, the characteristics of 

individual water buffalo, and the expression of nematode eggs in faeces of individual 

water buffalo was investigated using univariate analysis. Nineteen factors were 

identified as having a significant relationship (p < 0.05) with gastrointestinal 

nematode infection (Table 3.3). Where the univariate analysis indicated a 

relationship between the determinant and gastrointestinal nematode infection, odds 

ratios were calculated to describe the likelihood of infection versus varying 

management factors. Determinants where odds ratios indicated an effect are 

presented in Table 3.4. Odds ratios where no effects were observed were omitted. 
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Table 3.3 Summary of univariate generalised linear models for predictors of 

gastrointestinal nematode infection in water buffalo where model fit was significant 

(Chi-Square test). Predictors include water buffalo characteristics and farm 

management practices. 

Predictor p-value 

Age (months) <0.001 

Average milk yield 0.045 

BCS 0.002 

Communal grazing 0.001 

Dead animal discard location 0.047 

District <0.001 

Dogs present on-farm <0.001 

Donkey present on-farm 0.002 

Dung removal frequency 0.008 

Farm <0.001 

Feed offer frequency <0.001 

Location of communal grazing 0.016 
Number of adult (>2 y.o.) water buffalo 
in the last 12 months 0.027 

Number of calves 0.005 

Number of household members 0.017 

Anthelmintic use 0.014 

Village 0.000 

Water buffalo tethered 0.039 
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Table 3.4 Summary of univariate models for gastrointestinal nematode infection 

showing the effect of farm management and water buffalo characteristics. Shown are 

the odds ratios (OR) and 95% confidence intervals (CI). Calculated odds ratios are 

relative to the reference level (where OR = 1.00) of each predictor variable.  

  Predictor Level N Nematode 
infection 
prevalence (%) 

OR CI 2.5% CI 97.5% 

Categorical       

 Village      

  30 TDA 65 24.6 1.00   

  36 TDA 15 20 0.77 0.16 2.79 

  39 TDA 74 8.1 0.27 0.09 0.71 

  45 GD 10 40 2.04 0.47 8.09 

  46 TDA 58 34.5 1.61 0.74 3.56 

  50-3R 18 27.8 1.18 0.34 3.68 

  94 D 135 31.1 1.38 0.72 2.76 

  96 D 57 31.6 1.41 0.64 3.15 

  Chak shadi 58 27.6 1.17 0.52 2.63 

  Haran pur 12 33.3 1.53 0.37 5.58 

  Jaguwala 46 10.9 0.37 0.11 1.05 

  Kot phepra 50 42 2.22 1.01 4.98 

  Mundeyki 48 20.8 0.81 0.32 1.95 

  Nonanwala 48 33.3 1.53 0.67 3.51 

  Pinanwal 20 50 3.06 1.08 8.84 

  Shekhum 38 28.9 1.25 0.50 3.06 

 Donkey present on-farm      

  Yes 191 36.1 1.00   

  No 561 24.6 0.58 0.41 0.82 

 Dogs present on-farm      

  Yes 256 36.7 1.00   

  No 496 22.8 0.51 0.37 0.71 

 Water buffalo tethered      

  No 196 21.9 1.00   

  Yes 556 29.5 1.49 1.02 2.21 

 Feed offer frequency      

  1 24 45.8 1.00   

  2 342 31.3 0.54 0.23 1.26 

  3 256 25 0.39 0.17 0.94 

  4 90 11.1 0.15 0.05 0.41 

  Free access 40 37.5 0.71 0.25 1.99 

 Dung removal frequency      

  >2 33 18.2 1.00   

  None 7 0 0.00 0.00 0.00 

  One 242 33.9 2.31 0.97 6.38 

  Twice 470 25.3 1.53 0.66 4.17 

 Communal grazing      

  No 444 23.2 1.00   

  Yes 308 33.8 1.69 1.22 2.33 
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Table 3.4 (Continued) 

 Predictor Level N Nematode 
infection 
incidence (%) 

OR CI 2.5% CI 97.5% 

 Anthelmintic use      

  

I have not used 
anthelmintics 154 31.8 1.00   

  

I have used 
anthelmintics before 435 29 0.87 0.59 1.31 

  

I still use 
anthelmintics 156 18.6 0.49 0.29 0.82 

 BCS      

  1 38 50 1.00   

  2 431 31.3 0.46 0.23 0.89 

  3 304 22.4 0.29 0.14 0.58 

  4 6 33.3 0.50 0.06 2.88 

 District      

  Bhakkar 203 19.7 1.00   

  Jhelum 212 38.7 2.57 1.66 4.03 

  Kasur 193 24.4 1.31 0.81 2.12 

  Okara 154 33.1 2.02 1.25 3.28 

  Pakpattan 192 31.1 1.85 1.17 2.95 

Continuous       

 Number of household members      

  as number increases   0.95 0.91 0.99 

 

Number of adult (>2 y.o.) water 
buffalo in the last 12 months      

  as number increases   1.59 1.05 2.37 

 Number of calves      

  as number increases   0.87 0.78 0.96 

 Age in months      

  as month increases   0.98 0.98 0.99 

 

3.3.3.1.1 Relationship between Farmers involved in the ASLP extension 

programs and gastrointestinal nematode infection in their livestock 

Forty-eight per cent of farmers were registered with an ASLP extension program; 

52% had no affiliation with ASLP before this survey. Generalised linear modelling 

identified no relationship between the involvement of farmers in ASLP extension 

programs and gastrointestinal nematode infection in their water buffalo. The 

prevalence of water buffalo infected with gastrointestinal nematodes observed on 

farms registered with ASLP was 30.9% (n = 340), and 27.5% (n = 378) on non-

registered farms. 
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3.3.3.1.2 Relationship between farm location and gastrointestinal nematode 

infection in livestock 

The relationship between the district where a farm is located and gastrointestinal 

nematode infection in livestock was highly significant (p < 0.001). Calculated odds 

ratios indicate that in the district of Jhelum, water buffalo are 2.6 times more likely to 

be infected by gastrointestinal nematodes than in the district of Bhakkar (CI = 1.6, 

4.0). Water buffalo on farms in the districts of Pakpattan (OR = 1.85; CI = 1.17, 

2.95), Kasur (OR = 1.31; CI = 0.81, 2.12), and Okara (OR = 2.02; CI = 1.26, 3.28) 

were also more likely to be infected by gastrointestinal nematodes compared to 

Bhakkar. Geographically, districts Okara, Pakpattan and Kasur are within close 

proximity of each other. Jhelum and Bhakkar located more remotely (greater than 

200km) and experience different agro-climatic factors. Also identified as being 

significant, the determinant “village” was highly significant (p < 0.001). Calculated 

odds ratios showed no difference in the likelihood of water buffalo being infected with 

gastrointestinal nematodes between villages, within a district. Water buffalo from one 

of the villages in Bhakkar were the least likely to be infected by gastrointestinal 

nemadotes. At the other extreme, water buffalo from a village in Jhelum were the 

most likely to be infected by gastrointestinal nematodes (3.1 times more likely to be 

infected than water buffalo from 30 TDA). 

3.3.3.1.3 Relationship between tethering water buffalo and gastrointestinal 

nematode infection 

The relationship between farm management practices for containing water buffalo 

and gastrointestinal nematode infection was significant (p = 0.039). Adult water 

buffalo restrained by tethering are more likely to be infected with gastrointestinal 

nematodes than adult water buffalo confined within a fenced enclosure on the farm 

(OR = 1.49; CI = 1.02, 2.21).  

3.3.3.1.4 Relationship between communal grazing and gastrointestinal parasite 

infection in water buffalo 

There was a significant relationship between the use of unfenced common areas for 

grazing (where water buffalo from multiple farms are often present) and 

gastrointestinal nematode infection. Water buffalo were more likely to be infected on 

farms that communally grazed their livestock compared to water buffalo from farms 

that did not communally graze their livestock (OR = 1.59; CI = 1.15, 2.21). 

Communal grazing also appeared to be linked to district, with 94.1% of farms in 
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Jhelum using communal grazing and only 14.1% of farms in Bhakkar. Communal 

grazing in the Districts of Kasur, Okara and Pakpattan ranged between 20.7–35.0%. 

3.3.3.1.5 Relationship between body condition score and gastrointestinal 

parasite infection in water buffalo 

The relationship between the BCS of a water buffalo and gastrointestinal nematode 

infection was highly significant (p < 0.001) (Figure 3.8). Water buffalo with a BCS of 

BCS-1 (extremely poor condition), were more likely to be infected with 

gastrointestinal nematodes than water buffalo with a BCS of BCS-2 (OR = 0.46; CI = 

0.23, 0.89) or BCS-3 (OR = 0.29; CI = 0.14, 0.58). Water buffalo with a BCS of BSC-

4 may also be less likely to be infected by gastrointestinal nematodes; however, only 

six water buffalo registering this condition score were identified and the subsequent 

confidence intervals are large (OR = 0.50; CI = 0.06, 2.88), therefore, it was 

impossible to draw any useful conclusions. 

 

Figure 3.8 Likelihood of gastrointestinal nematode infection in water buffalo with 
differing BCS. 
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3.3.3.1.6 Relationship between the frequency that feed is offered and 

gastrointestinal parasite infection 

The relationship between the frequency of feeding water buffalo and gastrointestinal 

nematode infection was highly significant (p < 0.001). Compared to feeding water 

buffalo once per day, feeding water buffalo twice per day (OR = 0.54; CI = 0.23, 

1.26), three times per day (OR = 0.39; CI = 0.17, 0.94), or four times per day (OR = 

0.15; CI = 0.05, 0.51) reduced the likelihood of gastrointestinal nematode infection. 

The likelihood of gastrointestinal nematode infection did not differ between water 

buffalo being fed once per day or providing feed ad libitum (OR = 0.71; CI = 0.25, 

1.99) (Figure 3.9). 

 

Figure 3.9 Likelihood of gastrointestinal nematode infection in water buffalo with 
differing feeding frequencies 

 

3.3.3.1.7 Relationship between the age of water buffalo and gastrointestinal 

parasite infection 

The relationship between the continuous variable of age and the likelihood of 

parasite infection was significant (p < 0.001). The highest prevalence of 

gastrointestinal nematode infection was observed in water buffalo under the age of 
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12 months old. In senior cows (upwards of five years old), the observed prevalence 

was significantly reduced. As the age of a water buffalo increases, the likelihood of 

being infected by gastrointestinal parasites decreases (p < 0.001) (Figure 3.10). 

When water buffalo reached ages above ten years old, the trend line for the 

likelihood of infection began to flatten. It should also be noted that sample sizes of 

young, and senior animals were lower than of animals between two and four years of 

age. 

 

Figure 3.10 The probability of gastrointestinal nematode infection as the age of a 
water buffalo increases. 

 

3.3.3.1.8 The relationship between the presence of dogs on a farm and 

gastrointestinal nematode infection in water buffalo 

Dogs were present on 35% of farms. Farms where dogs were present recorded a 

13% greater infection rate than farms where no dogs were present. Univariate 

analysis identified a significant relationship between the presence of dogs on-farm 
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and gastrointestinal nematode infection (p < 0.001). Calculated odds ratios suggest 

the likelihood of gastrointestinal nematode infection in water buffalo decreases when 

dogs are present on the farm when compared to no dogs present on the farm (OR = 

0.51; CI = 0.37, 0.71). 

3.3.3.1.9 The relationship between the presence of donkeys on a farm and 

gastrointestinal parasite infection in water buffalo  

Twenty-five per cent of farms had at least one donkey. Water buffalo on these farms 

were infected by gastrointestinal nematodes 11.6% more often. Univariate analysis 

identified a significant relationship between the presence of donkeys on-farm and 

gastrointestinal nematode infection in water buffalo (p = 0.002). Calculated odds 

ratios suggest the likelihood of gastrointestinal nematode infection in water buffalo is 

decreased when no donkeys are present on the farm (OR = 0.58; CI = 0.41, 0.82). 

3.3.3.1.10 Relationship between the period since application of anthelmintic 

and gastrointestinal parasite infection in water buffalo 

The time since a water buffalo was last treated with anthelmintics affected the 

probability of gastrointestinal parasite infection (Figure 3.11). As time since the 

anthelmintic was applied increased, the probability of infection increased. After 12 

months, farmers were considered not to be currently using anthelmintic products.  
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Figure 3.11 Change in probability of gastrointestinal nematode infection as time 
since since anthelmintic application increases, in water buffalo on smallholder farms 
in Punjab, Pakistan. 

 

3.3.3.1.11 Relationship between the number of household members on a 

farm and gastrointestinal parasite infection in water buffalo 

A significant relationship was identified between the number of household members 

on-farm and the probability of gastrointestinal nematode infection. As the number of 

household members increased, the probability of infection decreased (Figure 3.12). 
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Figure 3.12 Probability of infection with increasing numbers of household members. 

 

3.3.3.2 Multivariate analysis of farm management factors and gastrointestinal 

nematode infection 

A multivariable model was calculated using exhaustive modelling to determine the 

most efficient model. Calculations were completed using the statistical program “R” 

and package “glmulti” (Calcagno, 2013; R Core Team, 2017). Any predictors with a 

p-value less than 0.05 were included for modelling. Exhaustive modelling identified 

the best model as: 

 

Results from the final multivariable logistic regression found all eight variables had a 

significant association with nematode infection of sampled water buffalo (Table 3.5). 

Adjusted odds ratios were calculated and are presented in Table 3.6. 
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Table 3.5 Summary of multivaritate generalised linear model fit (Chi-Square test) for 
predictors of gastrointestinal nematode infection. ‘Df’ denotes degrees of freedom, 
‘Resid. Df’ is residual degrees of freedom, and ‘Resid. Dev’ is residual deviance. 

 Df Deviance Resid. Df Resid. Dev p 

NULL   688 809.57  
BCS 3 17.6243 685 791.95 <0.001 

Dung removal frequency 3 10.5731 682 781.38 0.014 

Communal grazing 1 7.7413 681 773.64 0.005 

Anthelmintic use 2 7.4322 679 766.2 0.024 

Parasite in faeces 1 4.3269 678 761.88 0.038 

Number of calves 1 5.1905 677 756.69 0.023 

Age 1 26.7058 676 729.98 <0.001 

Adult water buffalo deaths 1 16.1621 675 713.82 <0.001 

 

Table 3.6 Summary of multivariate model for gastrointestinal nematode infection 
showing the effect of farm management and water buffalo characteristics. Shown are 
the adjusted odds ratios (OR) and 95% confidence intervals (CI). Calculated odds 
ratios are relative to the reference level (where OR = 1.00) of each predictor variable. 

Predictor Level OR CI 2.5% CI 97.5% 

BCS     

 BCS 1 1.00   
 BCS 2 0.48 0.217801 1.0547648 
 BCS 3 0.33 0.142402 0.7458335 
 BCS 4 0.18 0.014752 2.1329136 

Dung removal frequency   

 >Twice 1.00   
 None 2.45E-07 0 Inf 
 Once 1.99 0.735914 5.3568964 
 Twice 1.59 0.599723 4.2389483 

Communal grazing    

 No 1.00   
 Yes 1.57 1.07302 2.3021586 

Anthelmintic use    

 No previous use 1.00   
 Previous use 0.88 0.542958 1.4145521 
 Current use 0.66 0.355512 1.2122506 

Parasite in faeces    

 No 1.00   
 Yes 0.41 0.252934 0.6659381 

Number of calves    

 As number increases 1.30 1.081222 1.5726931 

Age     

 As months increase 0.97 0.963634 0.9837693 

Adult water buffalo deaths    

 As number increases 2.89 1.716039 4.8727336 



73 

3.3.4 Prevalence of gastrointestinal nematodes in water buffalo presented to 

abattoirs 

3.3.4.1 Prevalence 

The abomasa from 565 water buffalo were examined for the presence of parasites at 

slaughter. Of these 565 animals, a total of eight positive samples were identified. On 

inspection, the parasites collected were identified as immature paramphistomes; 

therefore, no samples were identified as being gastrointestinal nematodes.  

3.3.4.2 Animal Demographics 

Across the two abattoirs, the demographics of water buffalo sampled were similar. 

Water buffalo were primarily senior animals (being late in their productive life and 

generally over 6 years of age), with “6 tooth” (approximately five years old) and “8 

tooth” (greater than six years old), representing 85% of the animals sampled. 

Juvenile animals, under 2 years of age (“milk teeth”) represented 4% of the animals 

sampled, and “2 tooth” and “4 tooth” animals (approximately 2–4 years old) 

represented 10% of samples.  

Carcass weights were normally distributed, ranging from 67.5 –304.8 kg with a 

median carcass weight of 194.6 kg. The weight of an animal at slaughter showed 

little variation on its estimated age, except for animals presenting to the abattoir with 

milk teeth that recorded carcass weights lower than all other age categories. Two 

body-weight outliers were observed in animals presenting to the abattoir with 8 teeth, 

their weights were 120 kg and 247 kg). These outliers were not thought to be the 

result of a data entry error.  

The proportion of male to female water buffalo differed greatly. Five-hundred and 

twenty-four female and 41 male water buffalo were sampled. The difference between 

the proportion of sexes was deemed to be an accurate representation of the animals 

processed through the selected abattoirs. Male animals represented 96% of milk 

tooth water buffalo sampled (Figure 3.13). 
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Figure 3.13 Weight of water buffalo carcasses presenting at abattoirs based on age 
and sex. 
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3.4 Discussion 

The main finding of this study was the unexpectedly low prevalence of 

gastrointestinal nematodes infecting water buffalo in Punjab, Pakistan. Despite the 

overall prevalence being low, there is no doubt that gastrointestinal nematodes are 

widespread with at least one infected water buffalo found on 79.5% of farms. The 

majority of infections were strongyle-type nematodes (97.9% of infections), with 

Trichuris sp., Capillaria sp., and T. vitulorum being present in a low number of 

samples. Compared to previous studies in Punjab, similar species were observed 

but prevalence appeared markedly lower, 30% compared to previous ranges of 

39.8–81.6% (Anwar, 1996; Bhutto et al., 2002; Bilal et al., 2009; Khalil ur et al., 2009; 

Khan et al., 2010; Rafiullah et al., 2011; Raza et al., 2012; Raza et al., 2007). 

Varying sampling locations, sample periods, and diagnostic methodologies, different 

target cohorts and potential bias from the use of veterinary diagnostic laboratory 

data, may all have contributed to varying prevalence reports. It is therefore difficult to 

ascertain why the prevalence in this study is lower than previous reports. 

Of note, T. vitulorum eggs were only recovered from one animal during the survey, 

despite being considered an important parasitic species by farmers and veterinary 

officers in Pakistan (Pers. comms., veterinary officer, Punjab provincial diagnostic 

laboratory, 15/09/2015). The low number of infections observed was most likely due 

to the timing of sampling, rather than low incidence. Toxocara vitulorum egg output 

ceases by 3–4 months of age in water buffalo calves (Neves et al., 2003). Sampling 

occurred ibetween August and October (Autumn) which does not align with water 

buffalo calving periods in Pakistan (December to January) (Khan et al., 2009), 

meaning only a small number of water buffalo under six months were sampled 

during this study. Previous studies have reported T. vitulorum infection rates of up to 

33% when sampling water buffalo less than one-year old only (Bhutto et al., 2002). 

These reports suggest T. vitulorum has a greater prevalence than reported in the 

current study and should be appropriately managed on-farm, particularly given the 

potential morbidity and mortality that may be caused by T. vitulorum infections (Rast, 

2013).  

The prevalence of gastrointestinal nematode infection varied by district and farm 

location. All five surveyed districts experience similar seasonal patterns, although 

rainfall varies between locations significantly (213–842 mm annually). 



76 

Gastrointestinal nematode prevalence followed similar trends with Bhakkar (the 

driest district), recording the lowest number of infections, and Jhelum (the wettest 

district) recording the highest number of infections. Calculated odds ratios for 

districts suggest water buffalo are 2.5 times more likely to be infected with 

gastrointestinal nematodes in Jhelum than Bhakkar. The current survey was 

employed between August and September, a time when high levels of 

gastrointestinal nematode infection should be present (Khan and Maqbool, 2012). 

However, survey design was cross-sectional, and repeat sampling throughout the 

year may reveal differing levels of district influence dependent on the season. 

Although it is impossible for a farmer to move their farm, this information is still 

valuable to farmers and veterinary officers. Using these data, any gastrointestinal 

nematode extension activities should commence where high levels of infection are 

present. 

The number of water buffalo on a given farm did not appear to influence the 

proportion of animals infected by gastrointestinal nematodes. On 15% of farms, just 

one animal was infected by gastrointestinal nematodes. Reasons as to why this may 

have occurred were not explored but may be due to the introduction of new animals 

into a farm system, warranting a need for a biosecurity strategy. Some farms having 

low numbers of infected animals may also be the result of practices that prevent 

gastrointestinal nematode transmission that are inherent in some small holder 

operations. These factors are discussed in detail below. 

Where gastrointestinal nematodes were present, overall infection intensity was low 

as indicated by low EPG scores. In water buffalo infected with strongyle-type 

nematodes, faecal egg count scores ranged from 22.5–360 EPG, with most samples 

having fewer than 40 EPG. Dependent on livestock species, and immune status, 

intervention through the use of anthelmintics may not be of economic benefit. 

Thresholds for intervention have been estimated for sheep and cattle in varying 

systems (Greer et al., 2009; Vercruysse and Claerebout, 2001), but there are 

currently no similar studies or extension materials for water buffalo. In most systems, 

drenching of young stock is recommended, reducing the burden of parasite infection 

while stock gain an immunity. Moderate faecal egg count scores (100-200 EPG) may 

be observed in young livestock but have minimal health and production impacts. In 

adult sheep, egg counts of up to 250 EPG, depending on parasite species, are 

unlikely to warrant intervention; however, in adult cattle, low intensity infections may 

not reflect the true infection status of an animal due to reduced parasite fecundity 
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under stressful conditions. In these instances, dependent on demographics and 

agro-climatic zones, intervention may be warranted when any faecal egg count score 

is recorded (Anderson and Waller, 1983). 

It appears water buffalo follow a similar pathway to cattle, where incidence of 

infection decreases as age increases (Figure 3.10). Water buffalo may, therefore, 

also reflect cattle with faecal egg counts giving less reliable information of animal 

infection status. In this case, recommendations should follow those of cattle. Moving 

forward, the investigation of faecal egg count scores, gastrointestinal nematode 

burdens, and production losses in water buffalo production systems is warranted to 

ensure accurate recommendations can be given to producers based on faecal egg 

counts. 

The FEC methodology employed in this study allowed for gastrointestinal nematode 

eggs to be identified when 22.5 or more eggs were present per gram of faeces. 

Given the low infection intensities reported throughout this study, it is likely that some 

of the sampled water buffalo were infected with very low levels of gastrointestinal 

nematodes, and were described as negative. These low-intensity infections are 

unlikely to have any significant health or production impacts on water buffalo, but 

would contribute to transmission of gastrointestinal nematodes. Negative and low-

level infections may have also been observed due to phenomena such as egg 

suppression and larval hypobiosis. Neither phenomenon has been described in 

water buffalo, but does occur in sheep (Gibbs, 1986a) and cattle (Gibbs, 1986b; 

Michel, 1967). Abomasa examinations at abattoirs in the sample regions were 

undertaken to assess if these phenomena were occurring, but no infections were 

observed in the 565 abomasa examined. Further investigation, either through post-

mortem examination, production monitoring, or repeat sampling can help to explain if 

egg suppression and hypobiosis are occurring in gastrointestinal nematodes of water 

buffalo. 

One limitation of the current study was the use of saturated sodium chloride solution 

in the faecal egg count protocol. As described in the methodology, the selection of 

said reagent was due to logistical constraints, and the consideration that strongyle-

type nematodes were the most important gastrointestinal nematodes affecting water 

buffalo health and production as highlighted in the literature review (Section 2.6.2). 

The disadvantage of using saturated sodium chloride solution is the lower specific 

gravity than other proposed floatation solutions. Reduced specific gravity may affect 
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the floatation of heavy eggs such as those from the genera Trichuris and Capillaria. 

Species from both genera were observed in this study at low rates, and the observed 

incidence may have increased had an alternate floatation solution been employed. 

This should be considered when reviewing the incidence reported in this study. 

Previously, T. ovis has been reported in Pakistan at a higher incidence (2.0%) using 

the same methodology (Bhutto et al., 2002) but has not been reported where studies 

employed other diagnostic methodologies. Future work on gastrointestinal 

nematodes with heavier eggs using modified methods is warranted to better estimate 

their rates of infection in water buffalo, and to ascertain if they are a significant 

concern to water buffalo health and production that may have been overlooked in 

previous studies. 

Examination of water buffalo abomasa was undertaken to gauge the incidence of 

abomasal gastrointestinal nematodes infecting water buffalo presenting at abattoirs. 

Of the 565 abomasa examined, no adult gastrointestinal nematodes were observed. 

Given the demographics of livestock that presented at the abattoir (cull livestock and 

young livestock), the prevalence was expected to be greater than that observed in 

the on-farm survey. This, however, was not the case. In both slaughterhouses 

surveyed, offal is fully utilised and either returned to the water buffalo owner (in the 

case of the government abattoir) or sold (in the case of the private abattoir). As a 

result, examination of the gastrointestinal tract was limited to the abomasum only. 

Gastrointestinal nematodes whose predilection site was not the abomasum could, 

therefore, not be recovered during this survey (i.e. Bunostomum sp., 

Oesophagostomum sp., and Cooperia sp.). Trichostrongylus sp., Haemonchus sp. 

and Ostertagia sp. reside in the abomasum and any infections of these species 

would have been identified during this study. These species are the most frequently 

reported in Punjab, therefore, it was unexpected that no adult infections be 

observed. Trichostrongylus axei is a small nematode (Taylor et al., 2007) and 

although it populates the abomasum, it may have been overlooked as a stereoscope 

was unable to be employed. However, the lack of gastrointestinal nematodes 

observed in the abomasa of water buffalo suggests previous reports may have 

misidentified strongyle-type nematodes. 

Despite low parasite prevalence and low infection intensities, water buffalo 

management practices that influenced the likelihood of gastrointestinal nematodes 

were identified. Generalized linear modelling identified nineteen farmer management 

practices and water buffalo characteristics that influenced the likelihood of 
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gastrointestinal nematode infection. Exhaustive multivariate analysis highlighted 

eight key factors with the greatest influence on gastrointestinal nematodes (Table 

3.6). These factors could be grouped into two pathways: practices and 

characteristics that interrupted the lifecycle of gastrointestinal parasites; or, practices 

and characteristics that impact overall animal health and immunity. 

The typical farm management practices of smallholder dairy farms in Pakistan have 

intrinsic qualities that interrupt gastrointestinal nematode lifecycles, hindering 

transmission. These farms are intensive, cut-and-carry operations where remotely 

grown fodder crops are harvested for livestock feed and transported to animal 

containment areas. Several key management practices on these farms were 

identified as influencing gastrointestinal nematode infection. 

Globally, anthelmintics are one of the most commonly used management tools for 

the control of gastrointestinal nematode populations. Univariate analysis indicated 

gastrointestinal nematode infection rates were reduced on farms that currently use 

anthelmintics when compared to farms that previously used anthelmintics, or never 

used anthelmintics (p = 0.05). Supporting anthelmintic use, a trend was observed 

between the time since an animal was treated with anthelmintics and gastrointestinal 

nematode infection. Despite this, only 26% of surveyed farmers used anthelmintics 

as part of farm management, and 48% had stopped using anthelmintics. Reasons for 

the low adoption of anthelmintic application were not captured during the close-

ended survey, but several factors may contribute to the farmers decisions, including 

cost, availability and trust in product efficacy. 

A concerning number of gastrointestinal nematode infections were reported in water 

buffalo within four weeks of the animal receiving anthelmintic treatment (38.4%). 

Reports of anthelmintic adulteration and deliberate under dosing (personal 

observation) on-farm may account for the varied efficacy of anthelmintics. Anthelmintic 

resistant gastrointestinal nematode populations may also account for the persistent 

infections post-treatment. Given the varied efficacy and potential failure of anthelmintic 

use in water buffalo in Punjab, the use of other transmission-interrupting management 

practices may be more beneficial to farmers. 

On smallholder farms in Punjab, faeces are removed from animal containment 

areas. These faeces are then dried, and used for fuel in cooking stoves, or may be 

used directly as fertiliser. Although farms remove faeces, it was observed that the 

frequency of removal influences the likelihood of gastrointestinal nematode infection 
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(p = 0.008). As removal frequency increased, the likelihood of gastrointestinal 

nematode infection decreased. The removal of faeces is likely to remove the majority 

of gastrointestinal nematode eggs, but some eggs may remain and develop into 

infective stage nematodes. Anecdotally, due to severe nutritional stress, water 

buffalo in Pakistan may exhibit coprophagia or pica. These behaviours are likely to 

increase the risk that water buffalo ingest infective stage gastrointestinal nematodes, 

reinforcing the need for regular (and potentially increased) removal of faeces from 

animal holding areas.  

The use of faeces as a fertilizer was also reported in this study; however, no 

relationship with gastrointestinal nematode infection was observed. This practice 

may introduce infective stage larvae back into animal holding areas whilst increasing 

the risk of gastrointestinal nematode ingestion. The close-ended nature of the farmer 

survey employed in this study limited the detail that could be recorded regarding the 

use of faeces as a fertilizer. Given the potential that this practice could increase 

gastrointestinal nematode parasitism on-farm, it would be valuable to investigate it 

further in future research. 

Communal grazing is a practice utilised by farmers that may increase gastrointestinal 

nematode infection (p = 0.001). Thirty-seven per cent of the surveyed farmers 

supplemented their cut-and-carry feeding operation by allowing their animals to 

graze common lands. Common lands host livestock from multiple farms on any given 

day, increasing the likelihood these locations harbour high levels of gastrointestinal 

nematode contamination. This was reflected by an increased rate of gastrointestinal 

nematode infection in water buffalo that were communally grazed (9.7% higher 

infection compared to cut-and-carry feeding only, OR = 1.7; CI = 1.22, 2.33). 

Although water buffalo under this management practice are more likely to be infected 

with parasites, the practice is also likely to increase the amount of feed available to a 

water buffalo and may negate the impact of gastrointestinal nematode parasitism. 

This caveat was not investigated during this study and should be investigated in 

detail before any recommendations regarding parasite management and communal 

grazing are made. 

Gastrointestinal nematodes of ruminants are often infective to multiple host species 

(Brasil et al., 2012; Taylor et al., 2007). As such, a farm-wide, multi-species 

approach to parasite management is often recommended. The presence of non-

ruminants in mixed farming systems should not affect the likelihood of water buffalo 
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infection; however, in some cases, the results of this study suggested otherwise. The 

presence of the non-ruminant species, dogs (p < 0.001) and donkeys (p = 0.002) 

was observed as having a significant relationship with gastrointestinal nematode 

infection. Calculated odds ratios also indicated an effect; however, the potential 

causative effects are unknown. Dogs and donkeys do not act as hosts to the same 

parasite species as water buffalo, with the exception of donkeys and T. axei (Zajac 

and Conboy, 2012), and the presence of donkeys or dogs could not be associated 

with any management factors that may reduce or increase gastrointestinal nematode 

infection. While further investigation may reveal management practices that link dogs 

and donkeys to ruminant gastrointestinal nematode parasitism, it is unlikely to be of 

significant risk or warrant intervention. 

In addition to management practices and farm characteristics, several cohorts of 

water buffalo were identified as being more likely infected with gastrointestinal 

nematodes. These cohorts could be described as either immuno-compromised, 

naïve to parasite infections, or a combination of the two.  

Body condition score had the greatest effect on gastrointestinal nematode infection, 

as highlighted by the multivariate analysis. Livestock with low BCS (BCS-1, OR = 1), 

often appearing emaciated and depressed during sampling, were the most likely 

water buffalo to be infected by gastrointestinal nematode. As BCS increased, the 

likelihood of gastrointestinal nematode infection decreased, with BSC-3 livestock 

having the lowest prevalence of infection (OR = 0.29; CI = 0.14, 0.58). It is likely this 

trend would continue as BCS increased to BCS-4 and BCS-5; however, only a low 

number of water buffalo recorded these scores. Although overall body condition 

scores were low (mode = BSC-2), the prevalence of gastrointestinal nematodes 

infecting water buffalo in Pakistan was still markedly low. Despite the apparent stress 

these livestock are subjected to on a daily basis, the livestock sampled in this survey 

appear largely unimpacted by gastrointestinal nematodes. This may be due to the 

effective parasite transmission interruptions inherent to cut-and-carry farming 

systems. 

Age was also identified by multivariate analysis as a factor that greatly influences 

gastrointestinal nematode infection. As water buffalo age increases, the likelihood of 

gastrointestinal nematode infection significantly decreases. The same is also 

observed in cattle, where, upon exposure to gastrointestinal nematodes, animals 

begin to develop an immunity. By 24 months of age, the impact of gastrointestinal 



82 

nematode infection is reduced to a point where intervention is not usually required 

(Claerebout and Vercruysse, 2000). However, in senior cattle, this acquired immunity 

may become less effective, and the economic threshold for parasite control can be 

reached (Borgsteede et al., 2000). This study did not observe the same trend in 

water buffalo, with the likelihood of gastrointestinal nematode infection continuing to 

decrease as age increased. Although it appears water buffalo develop an immunity 

against gastrointestinal nematodes like cattle, in the context of Pakistan, intervention 

may still be warranted due to the significant stress that may be placed on water 

buffalo. 

Body condition score itself is not a management practice, instead it is a tool used to 

guage the effect of farming practices. Therefore, any farm practice that we expect to 

increase BCS, may also reduce the likelihood of gastrointestinal nematode infection. 

Several practices that increase body condition score were identified as influenceing 

gastrointestinal nematode infection. Increasing food, and water availability and 

providing water buffalo with access to shelter using penning reduced the likelihood of 

gastrointestinal nematode infection in water buffalo. These practices are part of the 

current recommendations for improving overall animal health on smallholder dairy 

farms in Pakistan, disseminated by ASLP. The outcomes of this research reinforce 

the value of this extension material in gastrointestinal nematode reduction, although 

not it’s primary intent. 

3.5 Conclusion 

Although farmers in Pakistan believe gastrointestinal parasites have an impact on 

water buffalo health and production, the data presented fail to show the high levels of 

infection that may be associated with loss of production. Gastrointestinal parasites 

were identified as being endemic in the districts sampled during the faecal survey 

with 79.5% of farms having infected water buffalo. However, the number of individual 

water buffalo identified as being infected per farm was low (30%). Due to the 

relatively low prevalence of gastrointestinal nematode infections identified in the 

faecal survey, the abattoir survey was intended to validate these results. The 

absence of gastrointestinal nematodes in the slaughtered water buffalo was 

unexpected but did support our observations that gastrointestinal nematode numbers 

are low and unlikely to have a major impact on the health and productivity of water 

buffalo in Punjab.  
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Key farm management practices and water buffalo characteristics were identified as 

influencing gastrointestinal nematode infection. These factors could either be 

described as practices that interrupt the transmission of gastrointestinal nematodes, 

or factors of animal health and immune status. The outcomes of this study highlight 

several practices farmers could change to reduce gastrointestinal nematode 

prevalence in their water buffalo. However, given the low overall prevalence and low 

intensity of infections, intervention would, in most cases, be of little value. 
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Chapter 4: Prevalence of gastrointestinal nematodes in farmed 

water buffalo in Australia 



85 

4.1 Introduction 

Gastrointestinal nematode parasitism causes significant production losses to 

ruminant livestock enterprises in Australia (McLeod, 1995; Sackett et al., 2006). 

Ruminant livestock enterprises traditionally utilise sheep and cattle; however, the 

farming of novel ruminant species such as water buffalo, camel and alpaca, for fibre, 

milk and meat, has recently increased in Australia. Water buffalo are farmed 

primarily for milk, used in the production of high-value cheeses and gelato. There is 

also a secondary market for meat (McInnes, 2005). 

The control and management of gastrointestinal nematodes has been identified as a 

key management task for efficient production and profitability of ruminant livestock in 

Australia (McLeod, 1995; Sackett et al., 2006). Gastrointestinal nematodes cost the 

sheep industry more than 430M AUD per year (Lane et al., 2015). This figure 

represents the highest single animal health cost to the Australian sheep industry. In 

beef cattle, the calculated annual cost of internal parasites in Australia is 93.6M AUD 

(Lane et al., 2015). The impact of gastrointestinal parasites on the farming of novel 

ruminants (including water buffalo), is not well known. 

The available information detailing the prevalence or impact of gastrointestinal 

nematode infections in water buffalo in Australia is scarce. Although intestinal 

nematode prevalence in water buffalo may vary between geographical locations, 

literature derived from other countries has identified several gastrointestinal 

nematode species as occurring commonly in water buffalo. These species include 

Haemonchus spp., T. circumcincta and Trichostrongylus spp. (Khan et al., 2010). 

These parasite species are also endemic to Australia and are parasites of 

importance in sheep and cattle enterprises (Roeber et al., 2013). Many of these 

infective parasites lack host specificity (Amarante et al., 1997; Gordon, 1948). With 

sheep and cattle acting as potential reservoirs of infection, we hypothesise that water 

buffalo in Australia may become host to a variety of these parasitic species with 

negative impacts both on general health and production. 

The management practices undertaken on water buffalo farms in Australia are not 

well documented. Current literature detailing water buffalo management originates 

from countries such as Pakistan, India, and Brazil (Bhutto et al., 2002; Brasil et al., 

2012; Jyoti et al., 2012b). Management systems in these countries are different from 

those employed in Australia. Most farmed water buffalo in India and Pakistan are 

within smallholder farming systems, with few animals being owned by farmers who 



86 

cut-and-carry fodder (Chapter 3). These systems potentially provide barriers to 

gastrointestinal nematode transmission such as the remote sourcing of feed, regular 

removal of faeces and reduced interaction time with other water buffalo or livestock 

species. In Australia, extensive farming is more common where animals graze in 

large paddocks on pastures for a large amount of their productive life (“Land 

management and farming in Australia, 2007-08”, 2009). The Northern Territory 

Department of Primary Industries has published several fact sheets that provide 

limited information on general management, but these publications relate mostly to 

operations in Northern Australia, where the impact of gastrointestinal parasites is low 

compared to the more eastern and southern parts of Australia. Anthelmintics used 

commonly for sheep and cattle parasite control are not registered for use in water 

buffalo (Lemcke, 2015a, b, c). Physical management of herds (i.e. rotational grazing) 

is currently the only management tool available for the control of gastrointestinal 

nematode parasitism on water buffalo farms (Waller, 1999). 

Due to the lack of literature regarding parasite control in water buffalo, parasite 

management practices currently employed for water buffalo in Australia have been 

adapted from practices developed for cattle. Water buffalo and cattle have major 

physiological differences regarding ruminant digestion (Calabrò et al., 2004), 

immune response (Yang et al., 2012), and metabolism (Sanyal, 1998). In Australia’s 

extensive style farming operations, gastrointestinal parasite management in cattle 

primarily revolves around controlling gastrointestinal parasite populations through the 

application of anthelmintics at strategic times. These times are dependent on climatic 

conditions, seasonality of a geographic region, host susceptibility to gastrointestinal 

nematodes, and coincide with other on-farm practices, such as calf marking (Waller, 

2006b). In more intensive cattle operations, additional management strategies are 

also utilised such as rotational grazing, utilisation of “clean pastures”, and strategic 

grazing (Stromberg and Averbeck, 1999; Thomas and Boag, 1972; Waller, 2006b). 

The lack of literature detailing gastrointestinal nematode parasitism in water buffalo 

in extensive grazing systems, especially in Australia, highlights the need for research 

in this area. Therefore, this chapter aims to address gaps in the knowledge by 

answering the research question, what is the current gastrointestinal nematode 

prevalence on Australian water buffalo farms? Furthermore, are there any 

management strategies that may influence the prevalence of gastrointestinal 

nematodes on Australian water buffalo farms? It is hypothesised that gastrointestinal 

nematodes are endemic to extensive water buffalo grazing systems in Australia, and that 
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management factors will impact their incidence and intensity. Outcomes of this 

research will provide water buffalo farmers with information that may aid in the 

development of gastrointestinal nematode control practices. 
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4.2 Materials and methods 

4.2.1 Farm recruitment and survey locations 

The intention was to sample animals from as many farms in the eastern states of 

Australia as possible. To recruit water buffalo farmers, an advertisement to 

participate in a farm management and parasite prevalence survey was circulated 

through state agricultural bodies and the Australian Water Buffalo Industry Council. 

The farms of willing respondents were selected for sampling based on their location, 

the logistics of associated travel, and the number of animals on the property. In total, 

eight farms were selected for the faecal egg count (FEC) survey and farm 

management survey. Farms were commonly located near the east coast of Australia 

from Cairns, Queensland to Sale, Victoria, with only one farm being located inland 

(Figure 4.1). Climatic conditions varied greatly between farms and were, therefore, 

grouped into three climate classes using the Köppen-Geiger classification system, a 

commonly used climate classification tool (Peel et al., 2007). Although Farm 1 had 

the same Köppen-Geiger classification as farms in Victoria, its recorded annual 

rainfall was lower and temperature extremes were more exaggerated. Both of these 

factors may affect gastrointestinal prevalence. Therefore, Farm 1 was classified as a 

unique climate type (Table 4.1). 
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Figure 4.1 Sampling regions in Australia where water buffalo farms were located. 
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Table 4.1 Climatic characteristics of surveyed farms highlighting rainfall patterns, 

maximum and minimum temperatures, elevation, and climate classification. Farm 

numbers align with regions labelled in Figure 4.1. 

Farm 

Köppen-
Geiger 
classification 

Rainfall 
(mm) 

Rainfall 
seasonality 

Elevation 
(m) 

Jan. 
avg. 
max. 
temp. 
(°C) 

July 
avg. 
min. 
temp. 
(°C) 

Climate 
class 

1 Cfa 550 Uniform 371 31.9 1.8 Class A 

2 Cfa 1800 Summer dominant 30 28.1 9.4 Class B 

3 Cfa 2000 Summer dominant 470 27.2 6.6 Class B 

4 Cfa 2700 Summer dominant 800 28.0 10.2 Class B 

5 Cfa 1400 Summer dominant 35 28.1 7.0 Class B 

6 Cfb 850 Uniform 180 26.9 4.6 Class C 

7 Cfb 830 Uniform 28 25.1 3.8 Class C 

8 Cfb 600 Uniform 77 25.1 3.4 Class C 

 

4.2.2 Collection of farm management practice data 

Before visiting each farm to collect faecal samples, farmers were asked to complete 

a water buffalo management survey. The survey was designed to describe current 

farm management practices, physical farm conditions, and local climatic information. 

Questions were developed with a focus on-farm practices that may influence 

parasite infection in their water buffalo and other animals. Surveys were 

disseminated to farmers either as a hard copy (by mail) or electronically, as 

requested by each farmer. 

4.2.3 Faecal sample collection 

As many water buffalo as possible from the selected farms were included in the 

survey. Where possible, all groups of water buffalo were sampled (i.e. calves, 

milking herd, dry cows, etc.). Faecal samples were collected as described in detail 

under Section 3.2.1.3, in accordance with the Animal Care and Ethics Committee 

requirements (protocol number: 15/062). In some instances, where facilities did not 

allow for the safe collection of faeces per rectum (as described in Section 3.2.1.3), 

fresh faeces were collected from the ground in a clean concrete yard where a group 

of water buffalo were penned. In cases where individual samples could not be 

collected, general information about the group of water buffalo was collected and 

faeces were collected from the ground after the animal was observed defecating. 
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Faecal samples were stored on ice in an insulated container. At the conclusion of 

each day, the samples were transferred to a laboratory where they were stored at 

4°C for up to three days until processed. 

4.2.4 Data collected on individual water buffalo 

Additional information (sex, body condition score [BCS], age, time since the last calf, 

time since last drench, and lactation) was recorded for each water buffalo that was 

sampled. Throughout the collection period, the same field officer estimated the BCS 

of water buffalo to minimise any error associated with the task. As soon as possible 

after being completed, data were entered into an Excel spreadsheet and saved 

electronically.  

4.2.5 Faecal processing 

4.2.5.1 Faecal egg count 

Faecal egg counts were undertaken using a modified McMaster technique (Cringoli 

et al., 2004; Whitlock, 1948). Faecal egg counts were completed using the 

methodology described in detail under Section 3.2.1.5.1, with one modification. As a 

result of the low faecal egg counts recorded in Pakistan, and the fine, uniform debris 

of water buffalo faeces, the amount of faeces was increased from 3 grams to 5 

grams during the Australian survey. This modified process identified infections when 

faecal samples had greater than approximately 14 EPG (compared to 22.5 EPG in 

Section 3.2.1.5.1). 

4.2.5.2 Larval culture 

Larval cultures were prepared as described under Section 3.2.1.5.2, with two 

modifications. In the previous chapter, perlite was mixed with faeces to improve 

aeration. In the current chapter, vermiculite was substituted for perlite (an aluminium-

iron magnesium silicate commonly used in horticulture) due to availability.  

In the previous chapter, larval cultures were incubated at room temperature 

(approximately 20–28 °C) as no incubator was available. In the current chapter an 

incubator was available, and larval cultures were incubated at 26°C. 

4.2.6 Morphological identification of nematode eggs 

Nematode eggs, recovered from faecal samples using the modified McMaster 

technique, were identified morphologically using the egg characteristics described in 
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Zajac and Conboy (2012). Strongyle-type eggs (Haemonchus, Teladorsagia, 

Cooperia, Trichonstongylus) are approximately 60-80 µm long, oval, thin-shelled, 

and contain 4-16 cells (dependent on age, length of storage, and storage 

temperatures). Strongyle-type eggs are similar and cannot be easily differentiated to 

genus. Therefore, strongyle-type eggs were not classified to genus, being described 

only as “strongyle-type”. Identification of helminth infections was based on the 

morphological features and molecular data obtained from cultured larvae (Chapter 

5). Eggs of Moniezia, Trichuris, Capillaria, Nematodirus, Toxocara and Strongyloides 

are distinctive morphologically and can be easily identified.  
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4.3 Results 

4.3.1  Farm structure 

Ten farmers responded to the initial call out. Of these farms, eight were selected for 

the faecal surveying of their water buffalo. Two farms did not wish to be included in 

the faecal egg count survey. All farms utilised an extensive method of farming where 

grazing was the main source of feed for water buffalo. Concentrate or conserved 

fodder (either hay, grain, or molasses) was fed to water buffalo in dairy systems 

during milking. Most farms only owned water buffalo; however, one farm also 

managed sheep and cattle on the property. On this property, sheep, cattle and water 

buffalo shared paddocks. Another farm managed goats on the property; however, 

water buffalo and goat populations did not share paddocks and were separated by 

two fences and a laneway. Farms managed between 7 and 600 water buffalo. One 

farm managed water buffalo across two properties. All farms surveyed shared 

boundary fences with farms that also ran ruminant livestock species (sheep, cattle, 

or goats). On 5 of the 8 farms, water buffalo had direct access to waterways, on two 

of the 8 farms, water buffalo had access to water via troughs, and on one farm, water 

buffalo had access to water via dams. Dams either collected run-off water or were 

part of creek systems. 

4.3.2 Farm management 

4.3.2.1 Grazing 

Seven farms used some form of rotational grazing, and one farm had set stocking 

rates (not rotating livestock through paddocks). Of the surveyed farms (n = 8), four 

rested their paddocks for four to six weeks, two rested their paddocks for less than 

four weeks, and the remaining two rested their paddocks for greater than eight 

weeks. Six farms rotated all livestock on-farm through communal paddocks, while 

two farms segregated water buffalo into groups based on age, production status and 

sex. 

4.3.2.2 Anthelmintics 

Five of the eight farms used anthelmintics as a management tool. Of these, two 

farms used anthelmintics on their animals more than once per year, one farm used 

anthelmintics less than once per year, and two farms used anthelmintics in specific 

situations. These situations included young animals, newly purchased animals, or as 
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deemed necessary based on the farmer’s assessment of the condition of the 

animals. All farms using anthelmintics selected products that targeted 

gastrointestinal nematodes, but not liver fluke (F. hepatica). No farms reported 

weighing their animals before anthelmintic applications. Veterinarians had been 

consulted on three farms regarding parasites, and three farms had previously 

screened water buffalo for parasites. During parasite diagnostics, strongyle-type 

nematodes and water buffalo lice (Haematopinus tuberculatus) were identified. 

When asked if parasites were a problem on-farm, six farmers disagreed, one farmer 

agreed, and one was unsure. 

4.3.3 Prevalence of gastrointestinal nematodes infections water buffalo 

A total of 322 water buffalo from eight farms were examined during the study. In 

7.8% of samples, gastrointestinal nematode eggs were present. Species data on the 

gastrointestinal nematode eggs recovered from water buffalo faeces are presented 

in Table 4.2. Toxocara vitulorum was observed in two faecal samples from the same 

property during the faecal egg counts. Also, patent adult T. vitulorum specimens 

were collected from faeces of the infected water buffalo. Most eggs observed were 

strongyle-type eggs (7.1% of water buffalo infected), accounting for 92.0% of all 

infections identified. Cestode eggs of Moniezia sp. were identified in three samples 

(0.93%). Protozoan oocysts were also observed at low levels (0.62%). 

Table 4.2 Parasites recovered from water buffalo in Australia and identified using 
faecal egg floatation. 

Species Number of animals  Prevalence (%) (n=322) 

Negative 291 90.37 

Strongyle-type 23 7.14 

Moniezia spp. 3 0.93 

Eimeria spp. 3 0.93 

Toxocara vitulorum 2 0.62 

 

In positive faecal samples containing strongyle-type eggs, EPG was low, with most 

samples having approximately 14 EPG (Figure 4.2). The frequency of heavy burdens 

was low, with no sample scoring greater than 120 EPG. The highest infection 

intensity observed in strongyle-type nematodes was 108 EPG. Intensities of the two 

T. vitulorum infections observed were 390 EPG and 485 EPG. 
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Figure 4.2 The distribution of strongyle-type nematode infection intensities (eggs per 
gram) observed in water buffalo faecal samples collected from farms in Australia. 

 

Trends were observed between the age of a water buffalo and gastrointestinal 

nematode infection (Figure 4.3). Water buffalo aged between six and twelve months 

were the most commonly infected. As age increased, the observed prevalence was 

reduced. In animals over three years of age, gastrointestinal nematode eggs were 

recovered from only 4 of 152 animals. The oldest water buffalo sampled was 

estimated to be 20 years of age and was not infected by gastrointestinal nematodes. 
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Figure 4.3 Proportion of water buffalo infected with parasites within age groups. The 
numbers represented in the bars on the graph show the count of samples within the 
age bracket that were; (1) not infected (light shading) or (2) positively infected 
(darker shading).  

 

Three farms with Class B climatic factors (Table 4.1) reported no parasitic infections 

during the survey. Between farms where infections were observed, there was no 

discernible variation in prevalence based on climate class (Figure 4.4). Farm 1 (the 

only farm designated to Class C, experiencing a more extreme temperature range 

and lower rainfall than other farms) recorded the highest prevalence (17.6%). Farm 1 

also had a high number of young animals sampled. Farm 5 recorded the lowest 

infection prevalence, but was also the farm with the greatest number of animals over 

two years old in the sample group. Farm sample size varied greatly, ranging from 8 

to 146 water buffalo sampled per farm. 
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Figure 4.4 Proportion of water buffalo infected with gastrointestinal nematodes by 
farm and climate classification (Table 4.1). Integers represent sample counts within 
each farm that were; (1) not infected (light shading) or (2) positively infected (dark 
shading). Qualitative descriptions of each management group are represented by 
coloured outlining. 

 

The highest frequency of infection in any on-farm cohort of water buffalo was seen in 

calves on farms using communal calf rearing pens as part of their production 

process (Figure 4.5). Two farms employed this strategy, and reported infection rates 

of 50.0%, 37.5%, and 22.0% in water buffalo groups subject to these conditions. 

These rates were considerably greater than the whole farm rate of infection. Farms 

using this management strategy were classified as having a Class B climate. No 

farms with Class A or Class C climates utilised this management practice. One 

infection was also identified in a group where water buffalo were reared in individual 

pens. This animal, however, recorded a T. vitulorum infection (a parasitic nematode 

with an intra-mammary route of infection). While pen hygiene appears to reduce the 

risk of strongyle-type nematode infection, management should still be employed to 

control T. vitulorum infection, a parasite known to cause significant morbidity and 

mortality to water buffalo calves (Rast et al., 2013). 
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Figure 4.5 Proportion of water buffalo infected with parasites within management 
groups. Integers represent sample counts within each management group that were; 
(1) not infected (light shading) or (2) positively infected (dark shading). Qualitative 
descriptions of each management group are represented by coloured outlining. 
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4.4 Discussion 

Before the commencement of this survey, there were few data available detailing the 

prevalence of gastrointestinal nematodes in farmed water buffalo in Australia. This 

study is the first to describe the prevalence of gastrointestinal nematodes across 

several water buffalo cohorts, and several climatic regions. Overall, parasite 

prevalence was low at an average of 7.6% (range = 0–17.6%). This rate is lower 

than the prevalence of gastrointestinal nematodes reported in water buffalo farmed 

in other countries. In Pakistan, prevalence has been reported between 47.2–81.6% 

(Anwar, 1996; Bhutto et al., 2002; Bilal et al., 2009; Iqbal et al., 2007; Khalil ur et al., 

2009; Khan et al., 2010; Mufti et al., 2015; Rafiullah et al., 2011; Raza et al., 2012; 

Raza et al., 2007), with our own work in Pakistan recording a prevalence of 35% 

using faecal egg floatation (Chapter 3).  

The largest proportion of infections were strongyle-type nematodes. Of these, 

infection intensities were low with most recording just 14 EPG. This suggests the 

impact of gastrointestinal nematodes on Australian water buffalo farms is low. The 

FEC methodology employed in this study allowed for gastrointestinal nematode eggs 

to be identified when 14 or more eggs were present per gram of faeces. Given the 

majority of infections recorded just 14 EPG, it is likely infections with lower egg 

outputs were present, but described as negative during the course of this study. To 

increase the sensitivity of diagnosis in future studies, a concentration technique 

could be employed (Roepstorff and Nansen, 1998). While concentration techniques 

might increase the observed prevalence, these low-intensity infections are unlikely to 

have any significant health or production impacts on water buffalo. 

Although most of the water buffalo parasitism research originates in Pakistan and 

India, the farming practices used in these countries differ greatly to Australia. 

Farming systems in Pakistan and India are typically intensive, smallholder farms. 

These farms incorporate several farming practices that potentially minimise the risk 

of gastrointestinal nematode infection of water buffalo, such as keeping animals 

confined to a small pen or tethered; providing only cut and carried fodder; and 

regular, frequent removal of faeces from the environment where water buffalo are 

contained. Although the system employed in Australia is primarily extensive, with 

water buffalo grazing pastures in large paddocks, some facets of on-farm 

management are intensive, such as calf rearing.  
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In addition to management, climatic conditions differ between Punjab, Pakistan 

(where several studies have reported high gastrointestinal nematode prevalence 

[Khan et al., 2010; Zaman et al., 2014]) and Australia. Compared to Punjab, 

surveyed farms in Australia typically experience higher rainfall and more moderate 

temperatures. Climatic conditions that affect the survival time of free-living larvae in 

Australian pastures are well understood and documented, hence the potential for 

gastrointestinal nematode transmission to animals that graze these pastures can be 

predicted. With low moisture and extreme heat, as is often experienced in Pakistan, 

there is increasing morbidity and mortality of larvae with associated lower prevalence 

of infection in livestock and lower infection intensity (Morgan and van Dijk, 2012; 

Williams and Knox, 1988). 

The low prevalence of infection observed in Australian water buffalo may, therefore, 

be due to other factors such as the much higher general health and nutrition status 

of water buffalo in Australia compared to water buffalo in Pakistan. Most countries 

with large populations of water buffalo are considered developing, particularly 

Pakistan and India which have the largest dairy water buffalo populations (FAO, 

2017). Extreme heat, poor quality nutrition and limited access to water are likely to 

greatly contribute to the stress of water buffalo in Pakistan, and thus increase their 

susceptibility to infection (Chapter 3). 

Body condition scoring is a key tool in livestock management for assessing the 

nutritional health and energetic condition of livestock (Roche et al., 2009). Water 

buffalo with low body condition scores are likely to have some level of nutritional 

stress and associated sub-optimal immune responses, allowing increased 

susceptibility to gastrointestinal nematode infection.  The high body condition scores 

(45% of animals with BCS>3) of water buffalo in Australia suggests an increased 

immunological capacity that may have contributed to the observed reduction in 

gastrointestinal nematode infection (Van Houtert and Sykes, 1996).  

Only a small number of BCS-2 or less water buffalo were sampled, but the rate of 

gastrointestinal nematode infection in these animals was markedly higher (24%, n = 

26), compared to water buffalo considered to be in good condition (4%, n= 168). This 

suggests in the event of nutritional stress (such as during drought or overstocking), 

the impact of parasites may increase in Australian water buffalo. During these 

periods, active intervention may be valuable to animal health and production. 
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Although the overall prevalence of gastrointestinal nematode infection in water 

buffalo from Australia was low, trends were observed based on age. A higher 

prevalence was observed in younger animals (<2 years old, 18.5%) compared with 

older animals (>2 years, 5.6%). This trend has also been observed in other ruminant 

species. Cattle, after exposure to a gastrointestinal nematode challenge, develop an 

immune response.  By 24 months of age, the impact of gastrointestinal nematode 

infection is reduced to a point where intervention with anthelmintics is not usually 

required (Claerebout and Vercruysse, 2000). Data presented in this study indicate 

the same phenomenon may be occurring  in water buffalo. There were no 

differences observed between other traits that may increase gastrointestinal 

nematode susceptibilities such as sex, or production status (i.e. milking, or not 

milking).  

Climatic conditions varied greatly between farms; however, this did not appear to 

affect the prevalence of gastrointestinal nematode infections, with the exception of 

farms classified as Class B (Table 4.1). Farm location appeared to have little effect 

on gastrointestinal nematode infection. Class A and Class C farms from New South 

Wales and Queensland recorded similar infection levels in the sampled water 

buffalo. Prevalence on Farm 5 appeared lower than others (4.8%), but may be 

explained by the large number of water buffalo over two years old that were sampled 

on this farm. Farm 5 also had the highest annual rainfall (2700 mm) suggesting the 

low prevalence was not a result of morbidity and mortality of free-living, infective 

stage nematode larvae. No gastrointestinal nematodes were recovered from water 

buffalo on farms classified as Class B. The effects of climatic conditions on 

gastrointestinal nematode parasitism have been well documented (Roeber et al., 

2013). Regular repeat sampling of the recruited farms may reveal trends not 

observed during a cross-sectional survey. The absence of an apparent trend in this 

study may also be explained by the presence of other possibly confounding data 

such as anthelmintic use, and water buffalo age. 

Calves in high density, communal calf rearing pens had the highest frequency of 

gastrointestinal nematode infection of any cohort, with one group reporting more 

than five times the overall mean. An explanation for the increase is multifaceted. 

Young livestock are the most at risk to infection due to the lack of a developed 

immunity (Claerebout and Vercruysse, 2000). High stocking density and associated 

stressors (including weaning and nutritional stress) plays an important role in 

supressing immune responses with a few heavily infected animals causing high 
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environmental contamination and exposure to the other animals kept in the confined 

conditions of the calf pens (Thamsborg et al., 1996; Waller, 2006a). To reduce the 

impact of gastrointestinal nematode parasitism in calf rearing pens, altering 

management through regular faeces removal, spelling pens, cleaning between 

periods of occupancy, quarantining and reduced stocking density would all help in 

reducing gastrointestinal nematode transmission in water buffalo calves. 

On the farms surveyed, the implementation of physical management practices 

specifically focused on reducing gastrointestinal nematode transmission (such as 

preparing clean pastures, rotational grazing, and strategic grazing) was rare. Despite 

there being few control measures in place, the prevalence of gastrointestinal 

nematodes on all farms was still low. It was anticipated that in extensive grazing 

systems, with little intervention, gastrointestinal nematode prevalence would be high, 

but this was not observed. Also, no trends were observed between the use of 

anthelmintics and gastrointestinal nematode infections, suggesting their use may not 

be economically viable. Currently, no anthelmintics available in Australia are 

registered for use in water buffalo, and therapeautic thresholds for treatment have 

not been described. These factors suggest anthelmintics should not be used unless 

water buffalo are exhibiting signs of infections, or deemed necessary by a 

veterinarian. 

In addition to strongyle-type nematodes, T. vitulorum infection was also identified in 

two young water buffalo calves from one farm located in Queensland. Toxocara  

vitulorum is a pathogenic gastrointestinal ascarid nematode of cattle and water 

buffalo in tropical and subtropical regions. Four previous reports (Doughty, 1972; 

Hart, 1951; Keith, 1951; Whitten, 1951) have described T. vitulorum in Australia, the 

most recent report being in 1972 (Doughty, 1972), but this is the first description of T. 

vitulorum infecting water buffalo in Australia. Toxocara vitulorum has been reported 

to cause morbidity and mortality in water buffalo calves (Rast et al., 2013) and, due 

to its lifecycle, the eradication of T. vitulorum from farming systems can be difficult 

(Holland and Smith, 2006). Although difficult to eradicate, morbidity and mortality in 

calves may be significantly reduced through monitoring, early diagnoses and 

treatment using anthelmintics (Rast et al., 2014). Toxocara vitulorum eggs may 

remain viable and infective in the environment for more than two years under the 

correct conditions (Thienpont and De Keyser, 1981). Farmers should therefore 

isolate infected calves as soon as possible to reduce the number of eggs shed into 

the environment, and consult a veterinarian about anthelmintic treatment options. 
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4.5 Conclusion 

Water buffalo farming in Australia is becoming increasingly popular as the demand 

for artisanal food products has increased. Although water buffalo supply one in ten 

litres of milk to the global market, research into the health, welfare and milk and meat 

production in water buffalo is low (Chapter 2). The current study demonstrates that 

gastrointestinal nematode prevalence is low on Australian water buffalo farms (mean 

prevalence of infection 7.77%), suggesting that it is not a major area of production 

loss on-farm. 

The extremely low prevalence overall made justifying statistical analysis difficult due 

to the one-sided nature of these data. These data, however, reveal trends in some 

management practices which may be leveraged to help further minimise 

gastrointestinal nematode infections. Calf rearing practices, where numerous 

immunologically naïve water buffalo calves are penned together, reported the 

highest prevalence of infection with gastrointestinal nematodes of any cohort. This 

practice is easily mitigated by ensuring calves are maintained in “clean” yards, and 

treated with anthelmintics as necessary. As water buffalo mature into adults, the 

likelihood of infection decreases dramatically as they become progressively more 

resistant to infection. Investing capital and labour into managing parasites of adult 

water buffalo is unlikely to be cost effective. Also, water buffalo farms in tropical 

climates may be at risk of endemic T. vitulorum infection, a parasitic species that has 

been observed to cause mortality and morbidity in water buffalo. This study is the 

first to report T. vitulorum in water buffalo in Australia since 1972. 
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Chapter 5: Morphology and molecular characterisation of 

gastrointestinal nematode species recovered from water buffalo 

in Australia and Pakistan 
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5.1 Introduction  

Water buffalo (Bubalus bubalis) are a relatively new agricultural species in Australia 

(Williams and Pattinson, 2014). In Asia (particularly India and Pakistan), water 

buffalo are synonymous with ruminant production. 

The prevalence of gastrointestinal nematodes species that infect livestock may vary 

depending on location, climatic conditions and host species availability (Taylor et al., 

2007). These factors vary greatly between farms in Australia and Pakistan (Chapter 

3 and 4). Information regarding the epidemiology of gastrointestinal nematode 

species that infect livestock is imperative for successful parasite control. Factors 

including pre-patent period, fecundity, optimal climatic conditions, and pathogenicity 

all vary between species. For this reason, a crucial step to developing a control 

strategy for gastrointestinal nematodes is first identifying the species present within 

each system. 

The species of gastrointestinal nematodes that infect water buffalo are not well 

documented. In many studies, the identification of infecting species has relied on 

differentiation of strongyle-type eggs (Anwar, 1996; Bhutto et al., 2002; Iqbal et al., 

2007), a practice recognised as being inaccurate due to the overlapping 

morphological characteristics of strongyle-type eggs from different species (Zajac 

and Conboy, 2012). A more reliable study by Khan et al. (2010) described species of 

gastrointestinal parasites in Pakistan using larval culture and speciation of L3 larvae 

to give a more accurate identification. The species reported in this study include H. 

contortus, Oesophagostomum spp., Trichostrongylus spp., Ostertagia spp., Cooperia 

spp., and Strongyloides spp.. These species are recognised as parasites that can 

affect health and production in a range of ruminant livestock species (Roeber et al., 

2013). 

Although more accurate than egg morphology, and a valuable diagnostic technique, 

L3 larval morphology can overlap between species and may vary within species 

depending on environmental conditions. For example, it is well documented that 

Haemonchus spp. are difficult to differentiate as larval stages (Stevenson et al., 

1995). To further increase species resolution, potentially identifying inter-species 

variability, molecular characterisation may be employed (Stevenson et al., 1995). 

Brasil et al. (2012) utilised molecular techniques to differentiate between H. contortus 

and H. placei recovered from water buffalo located in Brazil. This study reported that 
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both H. placei and H. contortus regularly infect water buffalo. Studies using 

morphological identification had previously failed to identify H. placei in water buffalo. 

Aside from Brasil et al. (2012), molecular characterisation has not been a widely 

used methodology to differentiate gastrointestinal nematodes infecting water buffalo. 

Also, there has previously been no attempt to elucidate the phylogenetic 

relationships among these species. Variations between and within parasite species 

based on host (i.e. cattle, sheep and water buffalo) and locality (i.e. within the 

country and worldwide) are valuable to understanding the epidemiology of a parasite 

and can contribute to parasite control strategies. For instance, knowing that 

nematode species can infect multiple host species impacts quarantine and control 

practices on the farm. Appropriate resolution is required to describe these 

phylogenetic relationships. Selection of appropriate loci is therefore required. 

Ribosomal RNA genes have been used extensively for phylogenetic analyses. The 

rDNA sequences (including 18S, 5.8S, and 28S) and intergenic spacer regions 

provide a rich source of molecular characters for developing a phylogenetic 

framework for nematodes (Dorris et al., 1999). Primer sets, designed for the 

amplification of rDNA regions, namely internal transcribed spacer 1 (ITS1) and 

internal transcribed spacer 2 (ITS2), have regularly been used for the molecular 

characterisation and phylogenetic analyses of strongyle-type nematodes recovered 

from ruminant livestock (Gasser et al., 2008). Primer sets have also been developed 

that encompass both regions, commonly referred to as ITS+ (Gasser and Hoste, 

1995). 

This chapter aims to identify the species of gastrointestinal nematodes recovered 

from water buffalo in Australia and Pakistan, reporting on the molecular and 

morphological characteristics of the recovered L3 specimens described in Chapter 3 

and Chapter 4. Also, phylogenetic analyses will compare recovered specimens to 

known parasitic species of ruminant livestock. We hypothesise that gastrointestinal 

nematodes of water buffalo will closely align with those common to sheep and cattle. 
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5.2 Materials and methods 

Larvae recovered as described in Chapter 3 and Chapter 4 were processed using 

molecular and morphological methods. The outcomes of these processes highlighted 

unusual results which warranted replication and additional investigation. To address 

this need, a repeat survey of one farm in Australia was undertaken, collecting larvae 

and adult specimens. 

5.2.1 Morphological and molecular analysis of gastrointestinal nematode 

larvae from water buffalo in Australia and Pakistan 

5.2.1.1 Specimen processing 

Third stage larvae recovered from water buffalo faeces in Australia and Pakistan 

(Chapter 3 and Chapter 4) were selected for morphological and molecular analysis. 

Low yields of larvae were recovered in faecal cultures as a result of low faecal egg 

counts. Larvae were individually collected and processed for either molecular or 

morphological characterisation. Samples from as many farms as possible were 

collected. Low numbers of larvae were recovered from water buffalo in New South 

Wales, Australia and Bhakkar, Pakistan (Table 5.1). Larvae destined for 

morphological analysis were mounted onto wet slides and cleared with lactophenol. 

Larvae destined for molecular characterisation were fixed and stored in 70% ethanol 

at -20 °C until processed. All larvae from Pakistan were initially fixed using 70% 

ethanol to comply with biosecurity requirements for importing parasite material into 

Australia and to maintain DNA quality. 

Table 5.1 The number of third stage strongyle-type nematode larvae recovered from 
water buffalo in Australia and Pakistan that were processed and analysed using 
morphological and molecular characterisation.  

Locality Number of samples processed 

Country State Molecular Morphological 

Australia    
 NSW 12 10 
 QLD 10 46 

Pakistan    
 Bhakkar 2 5 
 Jhelum 2 15 
 Kasur 2 18 
 Okara 0 24 
 Pakpattan 2 20 
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5.2.1.2 Morphological identification of specimens 

Larvae cleared in lactophenol (n = 142) were examined morphologically and 

identified using identification keys described in Van Wyk and Mayhew (2013) and 

Zajac and Conboy (2012). Measurements (µm) were recorded for whole body length, 

sheath tail (also referred to as “sheath extension”; Soulsby, 1982) length, and 

filament length as explained in Figure 5.1. Photographs of each larva were taken, 

ensuring key measurement points were in focus. Scale and measurement 

information was stored in the metadata of each image. Larvae were then measured 

using the image analysis software “FIJI” (Schindelin et al., 2012). Each specimen 

was also examined for any defining characteristics such as refractile bodies, the 

shape of anterior extremities, and tail morphology. Recorded measurements and 

characteristics were compared to the keys described in Van Wyk and Mayhew 

(2013) and Zajac and Conboy (2012) in an attempt to describe the measured 

specimens to the highest possible level (species or genus). 

 

 

Figure 5.1 Diagram of strongyle-type nematode infective larvae and measured 
regions. 

 

5.2.1.3 Molecular Characterisation 

Genomic DNA was isolated from individual larvae using a DNeasy Blood and Tissue 

kit as per the manufacturer’s instructions (QIAGEN, Valencia, CA, USA). Polymerase 

chain reaction (PCR) was employed to amplify select regions of DNA for subsequent 

sequencing and phylogenetic analysis, which is described in detail below. 

Firstly, the second internal transcribed spacer 2 (ITS2) was amplified for preliminary 

identification of the recovered specimens. Data resulting from amplification of the 

ITS2 region yielded unexpected sequence data that required further investigation. 

Additional regions were selected to further characterise the recovered specimens. 

These regions were selected due to previous use in phylogenetic studies of 



109 

nematode parasites of livestock (Gasser, 2006; Gasser et al., 2008), and adequate 

availability of supplementary GenBank data. 

Polymerase chain reaction was employed to amplify cytochrome oxidase I (COI), a 

mitochondrial DNA region, and the first internal transcribed spacer (ITS1) for further 

genomic investigation. Despite repeat attempts with varying protocols, PCR failed to 

amplify DNA from these regions, while positive control samples successfully 

amplified. Finally, PCR was employed to amplify an rDNA region spanning the 18S 

ribosomal RNA gene (partial sequence), ITS1, the 5.8S ribosomal RNA gene, ITS2, 

and the 28S ribosomal RNA gene (partial sequence). This region is hereafter 

referred to as “ITS+”. Amplification of the ITS+ region was successful for most 

specimens where the ITS2 region had been sequenced. However, the ITS+ region of 

some specimens could not be amplified, namely specimens recovered from water 

buffalo in Pakistan. As a result, sequence data for both the ITS2 and ITS+ regions 

are presented in the results. 

Following the successful amplification of the ITS+ region, no further attempts to 

amplify DNA from additional regions were made. This was due to the limited 

availability of data in the GenBank repository, and a lack of literature detailing the 

molecular characterisation of gastrointestinal nematodes of ruminants in additional 

genetic regions. 

5.2.1.3.1 ITS2 amplification 

The ITS2 region was amplified using the primer set NC1: 5’- 

ACGTCTGGTTCAGGGTTGTT -3’, and NC2: 5′- TTAGTTTCTTTTCCTCCGCT -3′ 

(Gasser et al., 1993). Reagents were sourced from a GoTaq Flexi DNA polymerase 

kit (QIAGEN, Valencia, CA, USA). In a 25 μL reaction, reaction mixtures contained 

11.65 μL of nuclease-free water, 5 μL of 5 x Buffer, 2.5 mM of MgCL2, 0.32 μg/mL of 

BSA, 20 mM of each dNTP, 1 U of gotaq, and 200 nM of each primer, and 2 μL of 

template DNA. Cycling conditions were: initial 95°C/5', then 94°C/30", 

53°C/40",72°C/40" x 35 cycles, then 72°C/5' final extension. Failure rate was high for 

samples from both Australia and Pakistan. Multiple master-mix conditions, and PCR 

parameters were trialled, with the above protocol yielding the best results. Samples 

containing no parasite genomic DNA were included in the PCR as negative controls; 

no amplicons were produced from these samples. 
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5.2.1.3.2 ITS+ amplification 

The ITS+ region was amplified using the primer set NC16: 5′- 

AGTTCAATCGCAATGGCTT -3′, and NC2: 5′- TTAGTTTCTTTTCCTCCGCT -3′ 

(Chilton et al., 2003; Gasser et al., 1993). Reagents were sourced from a 

HotStarTaq kit (QIAGEN, Valencia, CA, USA). In a 25 μL reaction, reactions 

contained 16.275 μL of nuclease-free water, 2.5 μL of 10 x Buffer, 1.0 mM of 

additional MgCL2, 0.32ug/mL of BSA, 10mM of each dNTP, 1U HotStarTaq, and 200 

nM of each primer, and 2 μL of template DNA. Cycling conditions were: initial 

95°C/15', then 94°C/40", 50°C/40",72°C/60" x 35 cycles, then 72°C/10' final 

extension. Samples containing no parasite genomic DNA were included in the PCR 

as negative controls; no amplicons were produced from these samples. 

5.2.1.3.3 Sanger Sequencing 

An aliquot (2.5 μL) of each amplicon was examined on a 1% agarose gel, stained 

with GelRed and photographed using a gel documentation system. Amplicons were 

purified over mini-columns as per the manufacturer’s instructions (Wizard™ PCR 

Prep, Promega, WI, USA), eluted in 40 μL of nuclease-free water and then subjected 

to automated Sanger sequencing, in both directions, using the same primers as the 

respective PCR reaction, at an external facility (Australian Genome Research 

Facility, Brisbane). 

5.2.1.3.4 Identification and phylogenetic analyses 

Sequences were aligned in MEGAX (Knyaz et al., 2018) using the alignment 

algorithm MUSCLE (Edgar, 2004), then adjusted manually. The ITS+ and ITS2 

sequences of each specimen were checked for discrepancies in the overlapping 

regions. ITS2 and ITS+ sequences generated in our current study were then 

compared to sequences, acquired using the nBLAST tool (Altschul et al., 1990), from 

the GenBank repository (Clark et al., 2016). Sequences acquired from GenBank 

were imported into MEGAX and aligned against the sequences generated in our 

current study. The evolutionary history of aligned sequences was inferred using the 

Maximum Likelihood method and Tamura-Nei model. Branch robustness was 

assessed using the bootstrapping method (1000 bootstrap replicates). Ancylostoma 

caninum was designated as an outgroup during phylogenetic analysis, being of the 

taxonomic order Strongylida, but diverging from the query specimens at this point. 

Final phylogenetic graphics were produced using “Interactive tree of life (iTOL) v3” 
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(Letunic and Bork, 2016). Specimens were first analysed by country, then a 

phylogeny comparing specimens between countries was computed. 

5.2.2 Repeat surveying of water buffalo in Australia to recover additional 

larvae and adult specimens 

The processing of larvae recovered from water buffalo in Australia and Pakistan 

revealed some unusual results which prompted the need for additional sampling. 

Repeat surveying in Pakistan was not possible due to restrictions on travel and time. 

In Australia, the decision was made to resample one farm, where unusual larval 

results were reported. The aims of the second field trip were to recover additional 

gastrointestinal nematode larvae, and adult specimens from water buffalo, and 

describe the recovered specimens using the morphological and molecular methods 

employed in Section 5.2.1. 

The opportunity arose to examine the gastrointestinal tracts of two water buffalo for 

gastrointestinal nematodes at the selected farm. These water buffalo were destined 

for slaughter and sampling was opportunistic. Water buffalo were euthanised by a 

registered slaughterman and processed on-farm as per requirements for human 

consumption. From each water buffalo, a faecal sample was collected, then the 

gastrointestinal tract (from reticulum to anus) was recovered and stored on ice. 

Faecal samples and gastrointestinal tracts were then transported to Charles Sturt 

University for examination. Faecal egg counts were undertaken following methods 

described in Section 4.2.5.1. The gastrointestinal tract from omasum to anus was 

examined for gastrointestinal parasites. The gastrointestinal tract was cut 

longitudinally, and all gut contents were examined, then sieved and re-examined. 

The walls of the gastrointestinal tract were also carefully examined for attached 

parasites, or any signs of parasitism (areas of inflammation or bleeding). All 

nematodes recovered were placed in 80% ethanol before later processing. Faecal 

cultures (as described in Section 4.2.5.2) were performed on the faeces recovered 

from the slaughtered water buffalo. 

Eight L3 larvae were recovered from the faecal culture. Four specimens were 

cleared in lactophenol and wet mounted for morphological identification, and the 

remaining specimens were stored in 80% ethanol for molecular characterisation as 

described in Section 5.2.1. Wet mounted larvae underwent morphometric analysis 

and were included in the final tabular and graphical outputs. Specimens that 

underwent molecular sequencing were given the specimen identifiers of “TL3-1”, 
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“TL3-2”, “TL3-3”, “TL3-4”. The resulting sequence data was compared to larval 

specimens previously recovered from Australia and Pakistan in Chapter 3 and 

Chapter 4 and included in the final phylogenetic trees. 

Morphological description and molecular characterisation was also undertaken on 

the recovered adult specimens. First, small pieces of the mid-body of individual adult 

nematodes were removed with a scalpel for molecular analysis. The remaining 

anterior and posterior parts of each specimen were cleared in lactophenol for 

morphological examination. Molecular characterisation followed the same 

methodology as employed with L3 larvae, described in Section 5.2.1.3. These 

specimens were given the specimen ID of “TA-A” and “TA-B”. Resulting sequence 

data were included in phylogenetic analyses with L3 larvae sequence data. A 

drawing of the recovered nematodes was made using a microscope equipped with a 

camera lucida, and morphological characteristics of interest were described. Images 

were captured via a light microscope equipped with a digital camera. Measurements 

of important bodily features were recorded using FIJI (Schindelin et al., 2012). 
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5.3 Results 

5.3.1 Morphological characterisation of L3 larvae 

5.3.1.1 Specimens recovered from water buffalo in Australia 

Microscopy of L3 larvae (n = 60) revealed typical strongyle-type specimens with a 

range of morphometric characteristics. Larvae were recovered from three farms in 

Australia. Filament length was recorded and grouped according to the proportion of 

sheath tail (long, medium, small, no filament). Characteristics of systematic 

importance were measured and described below. Examination of body length, 

sheath tail length, and filament length revealed no grouping based on singular 

parameters. Grouping the metrics of whole-body length and sheath tail length 

identified four distinct groups (Figure 5.2) whose morphometric parameters are 

described in Table 5.2. Representatives of each morphological group are presented 

in Figure 5.3. Four distinct ITS+ sequences were identified from the Australian 

specimens, supporting the identification of four distinct groups based on 

morphological features. The use of a strongyle-type nematode dichotomy proposed 

by Van Wyk and Mayhew (2013) yielded mixed results. The body length, sheath tail 

length and filament size of Type A specimens aligned with Trichostrongylus spp.. 

Type B specimens had a similar length sheath tail to Type A specimens, but body 

length was markedly shorter (617–440 µm). These characteristics failed to align with 

descriptions of Van Wyk and Mayhew (2013). A supplementary dichotomous key 

from Zajac and Conboy (2012) also failed to describe strongyle-type nematodes with 

body lengths of a similar size. Type C specimens recorded body length similar to that 

of Cooperia curticei (from sheep). Also, sheath tail extension supported Type C 

specimens being Cooperia sp. (from sheep); however, the presence of refractile 

bodies was not observed during the examination of these specimens. Examination of 

the anterior end of specimens from group three indicated a “shoulder” typical of 

Ostertagia spp. (Zajac and Conboy, 2012); however, specimen length was much 

shorter than has been described for Ostertagia spp. Type D specimens did not align 

with the previously described larvae. Filament groupings were mixed between long 

(with the filament making up more than 70% of the sheath tail), and medium (with the 

filament making up 40–60% of the sheath tail). The shape of the anterior extremities 

were recorded to assess if the grouping could be further refined, but the additional 

information was unhelpful. 
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Figure 5.2 Whole body length versus sheath tail length of L3 strongyle-type 
nematode larvae retrieved from water buffalo in Australia. 

 

Table 5.2 Morphometric parameters of L3 larvae recovered from water buffalo in 
Australia.  

Group N Body length 
(µ) (x̄ ± σ) 

Body length 
range (µ) 

Sheath tail 
(µ) 

Sheath tail 
range (µ) (x̄ 
± σ) 

Farm 
presence 

Type A 8 698 ± 31.9 742–651 27.1 ± 4.34 30.6–18.0 3,5 

Type B 23 532 ± 48.6 617–440 27.7 ± 10.4 44.1–11.8 5 

Type C 10 752 ± 43.1 801–660 54.3 ± 4.18 59.7–47.2 5 

Type D 19 656 ± 43.9 744–575 85.4 ± 7.18 99.7- 70.9 4,5 
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Figure 5.3 Morphotypes of strongyle-type larvae recovered from water buffalo in 
Australia. 

 

5.3.1.2 Specimens recovered from water buffalo in Pakistan 

Eighty-two L3 larvae recovered from water buffalo in Pakistan were mounted and 

cleared in lactophenol. Morphometrics were recorded as described in Van Wyk and 

Mayhew (2013), and identifiable characteristics were noted. Graphing body length 

and sheath tail length yielded less resolved groups than samples from Australia 

(Figure 5.4); however, five groups were apparent and labelled “Type E”–“Type I” for 

description (Table 5.3). Representatives of each morphological group are presented 

in Figure 5.5. Type E specimens were similar to Type A specimens observed in 

Australia and aligned closely with the Van Wyk and Mayhew (2013) description of 

Trichostrongylus, having an average body length of 650 µm, a short sheath tail, and 

no filament. Type F specimens were long bodied with relatively short sheath tails. 

Cooperia curtecei characteristics described by Van Wyk and Mayhew (2013) aligned 
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with these measurements. Refractile bodies, common to Cooperia species were also 

observed in Type F specimens during the examination, supporting morphometrics. 

Type G specimens were the most frequently recovered type of larvae from Pakistan. 

Body length indicated Trichostongylus. However, the presence of a filament and 

medium length sheath tail indicated otherwise. No other genus was described with 

similar morphology in Van Wyk and Mayhew (2013) or Zajac and Conboy (2012). 

Type H specimen morphometrics most closely aligned with Oesophogostomum sp.. 

As described by Van Wyk and Mayhew (2013). These specimens had a long sheath 

tail (150 µm), long filament (making up more than 75% of the sheath tail length) and 

were approximately 800 µm in length. Chabertia ovina also has a similar morphology 

to Oesophagostomum sp., having a filamentous sheath tail and rounded head. No 

previous reports have described Chabertia sp. infection in water buffalo. 

Type I specimens were longer than typical strongyle-type nematodes described by 

Van Wyk and Mayhew (2013). Coupled with sheath tail length, morphometrics 

indicates Type I specimens were more likely Nematodirus sp.; however, the larvae 

tail tips of these specimens were not similar to Nematodirus and were more reflective 

of strongyle-type nematodes. In addition, during faecal egg counts, no Nematodirus 

eggs were identified. 
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Figure 5.4 Whole body length versus sheath tail length of third stage strongyle-type 
nematode larvae retrieved from water buffalo in Pakistan. 

 

Table 5.3 Morphometric parameters of third stage strongyle-type nematode larvae 
recovered from water buffalo in Pakistan. 

Group N Body length 
(µ) 

Body length 
range (µ) 

Sheath tail 
(µ) 

Sheath tail 
range (µ) 

District 
Presence 

Type E 7 672 ± 37.4 618–723 28.9 ± 16.0 0.935–49.0 Jhelum, 
Kasur, 
Pakpattan  

Type F 4 793.0 ± 24.1 767–825 58 ± 6.6 49.0–64.82 Pakpattan 

Type G 55 682.9 ± 29.0 613–742  88.3 ± 15.0 65.7–141.8 Kasur 

Type H 10 786.5 ± 28.8 725–822 150.3 ± 17.7 120.9–178.5 Bhakkar, 
Jhelum, 
Kasur, 
Okara, 
Pakpattan  

Type I 6 823.1 ± 28.8 784–867 211.2 ± 7.9 202.3–222.5 Kasur, 
Okara 
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Figure 5.5 Morphotypes of strongyle-type larvae recovered from water buffalo in 
Pakistan. 

 

5.3.1.3 Descriptive morphology of recovered adult specimens 

Examination of a water buffalo gastrointestinal tract yielded two female adult 

nematodes from the caecum (Figure 5.6 and Figure 5.7). These specimens were 

observed as having the same morphological characteristics, but one specimen was 

gravid, and one specimen was non-gravid. Drawings of the gravid adult specimen 

are presented in Figure 5.8 and Figure 5.9. These worms are characterised by a 
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large, inflated cuticular cephalic vesicle, similar to species from the genus 

Oesophagostomum. The cuticle forms a rounded mouth collar and the mouth is 

directed straightforward. The head has a short buccal capsule with width 

considerably exceeding length. Compared to other Oesophagostomum spp. the 

opening into the buccal capsule is relatively large. Small labia are present, with a 

single papilla on each. The oesophagus is muscular, and club formed, i.e. 

broadening from the midpart to the end, and 0.67 mm long. A pair of projected 

deirids are present toward the midpart of the oesophagus, 0.32 mm from the anterior 

end. Fine, triangular chitinoid structures are present at the junction of the intestine 

and oesophagus. Maximum body width was observed through the medial part of the 

body. Body width becomes narrower immediately after the vulva, almost to half. The 

vulva is located at the posterior end, slightly above the anus (0.67 mm between 

vulva and anus). An external extension of the female reproductive tract is present 

(dissimilar to previously described Oesophagostomum spp.), with a muscular vagina, 

mature eggs and ovijector visible (0.63 mm long and 0.25 mm wide). Mature eggs 

are ovate and slightly elongated (0.08 mm long and 0.04 mm wide) with a thin 

membrane, typical of strongyle eggs. The anus is 0.33 mm from the tail end. The tail 

is an elongated, conical shape, tapering gradually to a pointed tip. 
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Figure 5.6 Anterior end of an adult nematode recovered from a water buffalo in 
Australia. 
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Figure 5.7 Posterior end of an adult nematode recovered from a water buffalo in 
Australia. 
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Figure 5.8 Important morphological features of adult nematode specimens 
recovered from water buffalo in the present study — anterior. 
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Figure 5.9 Important morphological features of adult nematode specimens 
recovered from water buffalo in the present study — posterior. 
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5.3.2 Molecular characterisation 

5.3.2.1 ITS2 Australia 

The internal transcribed spacer 2 region (ITS2) was successfully sequenced from 22 

of the available specimens recovered from Australia. These specimens included L3 

strongyle-type larvae recovered from water buffalo faeces following larval cultrue, 

adult T. vitulorum, and adult nematodes recovered from a water buffalo 

gastrointestinal tract, post-mortem. Nine unique sequences were identified and 

labelled “S1”–“S9” for reporting and discussion (Table 5.4). The sequence length of 

the amplified regions varied between 257–370 base pairs. 

Each unique sequence was queried against the GenBank database using nBLAST. 

Sequences S2, S7, and S9 aligned closely with known sequences stored in the 

repository, these being C. punctata, H. contortus, and T. vitulorum respectively. No 

query samples from GenBank aligned with the remaining sequences. Sequence S1 

was the most frequent sequence amplified from the 22 specimens processed, 

aligning with a sample of the genus Libyostrogylus. Base-pair identities were 

observed at 88% of sites (n = 233/264). The next most closely aligned query sample 

was Trichostrongylus vitrinus (85%), a parasite of significant impact to sheep and 

goat health, commonly known as “black scour worm”. Sequences S3, S4, S5, and 

S6 were all similar. Identity differences between these sequences ranged between 

one and two base-pairs. The query sample that most closely aligned with these 

sequences was Spiculopteragia houdemeri (97%). The remaining specimen (S8) 

had little similarity to query samples stored in the GenBank repository, most closely 

aligning with Oesophagostomum bifurcum (87%). The recovered adult nematode 

specimen (TA-B) also aligned with S8. Amplification of the ITS2 region was not 

successful for the remaining adult specimen (TA-A). 

Comparing ITS2 regions from specimens recovered in Australia, specimens with the 

same sequence were present on more than one farm. Spiculopteragia-like 

sequences were present on three farms, Haemonchus was present on two farms, 

and Libyostrongylus-like sequences were present on two farms. Spiculopteragia-like 

sequences differed between farms. Two unique sequences were present on Farm 4 

(S3 and S5), while sequences present on Farm 3 and Farm 5 were not observed on 

any other farm. T. vitulorum, Oesophagostomum and Cooperia sequences were only 

present on one farm each. 
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Table 5.4 Summary of ITS2 sequence data for third stage strongyle-type nematode 
larvae that were recovered from water buffalo in Australia and subjected to molecular 
characterisation.  

Sequence Sample ID Length (bp) Identities Most similar species 

S1 A2, A14, A15, 
A13, A12, A4, 
A17  

261 233/264 
(88%) 

Libyostrongylus sp. 
(environmental sample) 

S2 A16  257 257/258 
(99%) 

C. punctata 

S3 A152-6, A152-8, 
152-3, TL3-4, 
152-3  

258 251/259 
(97%) 

S. houdemeri 

S4 A19  259 251/260 
(97%) 

S. houdemeri 

S5 TL3-1  258 250/259 
(97%) 

S. houdemeri 

S6 116-1 258 250/259 
(97%) 

S. houdemeri 

S7 0-18-1, TL3-3 249 250/250 
(100%) 

H. placei 

S8 152-7, TL3-2, TA-
B 

258 219/260 
(84%) 

O. bifurcum 

S9 Tox1 370 383/383 
(100%) 

T. vitulorum 

 

Phylogeny of the ITS2 region was inferred using the Maximum likelihood method and 

Tamura-Nei model (Figure 5.10). Expectedly, sequence S7, which aligned with H. 

placei at 100% of nucleotide sites, resolved to clades with the Haemonchus spp. 

specimens retrieved from the GenBank repository. Sequence S2 shared a common 

lineage with Cooperia spp.; however, an individual clade was produced that 

separated it from other Cooperia spp. specimens. Branch bootstrapping values of 

less than 70% indicate this may not be a significant separation. Increasing the 

resolution of analyses by incorporating additional sequence data would aid in 

consolidating the identified speciation event; however, during this study no additional 

amplicons were successfully generated for specimen “A16”. Sequences S3, S4, S5, 

and S6 each resolved to one clade despite the small base-pair differences observed. 

The Spiculopteragia specimens from GenBank that most closely aligned with the 

recovered sequences, did not resolve into the same phylogenetic clade.  A 

speciation event was observed between the recovered specimens and other 

Spiculopteragia spp. which indicates that species of genus Haemonchus may be a 

more closely related ancestor. Both Haemonchus and Spiculopteragia are from the 

family Haemonchidae. Specimens of sequence S1 resolved to a clade with 

Libyostrongylus sp. being the most closely related sequence. Sequence S8 



126 

specimens also resolved to their own clade. Phylogeny indicates S8 specimens 

share a common ancestor with species of the genus Oesophagostomum. Branch 

length indicates these specimens had the highest number of base substitutions per 

site.  

 

Figure 5.10 ITS2 region phylogeny of specimens recovered from Australia using the 
Maximum Likelihood method and Tamura-Nei model. Circular symbols denote 
bootstrapping values greater than 70%. 
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5.3.2.2 ITS+ Australia 

The ITS+ region was successfully amplified from 15 Australian specimens that were 

subjected to PCR. Ten unique sequences were identified, named “S10”–“S19” for 

description (Table 5.5). Specimens that, at the ITS2 site, most closely aligned with 

the genus Libyostrongylus, now most closely aligned with Spiculopteragia. 

Specimens that aligned most closely with H. placei at the ITS2 region, aligned most 

closely with H. contortus at the ITS+ region. Specimens that were most similar to O. 

bifurcum across the ITS2 region, now aligned most closely with a different 

Oesophagostomum GenBank query sample. The differences in identical base pairs 

was still large (86% identities across 828 sites). Amplifcation of the ITS+ region was 

succesful for both adult nematode specimens. A six base pair difference was 

observed between the two; however both aligned most closely with 

Oesophagostomum. No other specimens recovered in this study shared the same 

sequence as the adult nematode specimen “TA-B”. 

Table 5.5 Summary of ITS+ sequence data for third stage strongyle-type nematode 
larvae that were recovered from water buffalo in Australia and subjected to molecular 
characterisation.  

Sequence Sample ID Length (bp) Identities Most similar species 

S10 116-1  825 801/828 (97%) S. houdemeri 

S11 TL3-1  825 801//828 (97%) S. houdemeri 

S12 152-6, TL3-4, 152-3 825 802/828 (97%) S. houdemeri 

S13 A13 826 751/836 (90%) S. houdemeri 

S14 A14 825 750/836 (90%) S. houdemeri 

S15 A4 825 746/836 (89%) S. houdemeri 

S16 A2 825 749/836 (89%) S. houdemeri 

S17 0-18-1, TL-3 837 836/838 (99%) H. contortus 

S18 TL3-2, 152-7, TA-A 843 725/840 (86%) Oesophagostomum sp. 

S19 TA-B 849 725/846 (86%) Oesophagostomum sp. 

 

Phylogeny of the ITS+ region was inferred using the maximum likelihood method. 

Some differences in inferred ancestry were identified between the ITS2 region alone, 

and the whole ITS+ region (including ITS2). In this computation of phylogeny, 

Spiculopteragia sp. and specimens that most closely aligned with Spiculopteragia sp. 

were more closely related, not sharing the nearest ancestor with H. contortus. In all 

other instance’s clades were represented as described for ITS2. The most closely 

aligned species varied as reported above; however, speciation events and the genus 

of specimens in each clade did not vary. Of particular note, specimens that resolved 

to clade three (Figure 5.11) were most closely related to species of the genus 
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Trichostrongylus, and not Spiculopteragia, which BLAST identified as being the most 

similar sequence.  

 

Figure 5.11 ITS+ region phylogeny of specimens recovered from Australia using the 
Maximum Likelihood method and Tamura-Nei model. Circular symbols denote 
bootstrapping values greater than 70%. 

5.3.2.3 ITS2 Pakistan 

Sequences for seven specimens were successfully recovered from larvae originating 

in Pakistan (Table 5.6). Four unique sequences were identified (“S20”–“S23”). A 

100% match was identified for S20. Trichostrongylus axei, retrieved from the 

GenBank repository was an exact match at all 225 sites. “S20” to “S23” all most 

closely aligned with specimens of the genus Libyostrongylus. Libyostrongylus-like 

specimens were recovered from four different farms.  
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Table 5.6 Summary of L3 larvae from Pakistan BLAST results, from the ITS2 region 

Sequence Sample ID Length (bp) Identities Most similar species 

S20 P51 225 225/225 
(100%) 

Trichostrongylus axei 

S21 P47 231 202/234 
(86%) 

Libyostrongylus sp.  
(environmental sample) 

S22 P17, P62, P22, P49, P59 231 203/233 
(87%) 

Libyostrongylus sp.  
(environmental sample) 

S23 P12 231 203/233 
(87%) 

Libyostrongylus sp. 
(environmental sample) 

 

Phylogenetic analysis identified two expected clades (Figure 5.12). Sequence S20 

and its exact matching GenBank sequence appeared in one clade, sharing an 

ancestral lineage with Trichostrongylus retorfaeformis. S21–S23 specimens were 

confined to one clade, with no query sequences from GenBank present. The nearest 

GenBank query samples were from specimens of the Libyostrongylus genus. 

Bootstrapping values at all speciation events indicate strong confidence of the 

predicted phylogeny.  

 

Figure 5.12 ITS2 region phylogeny of specimens recovered from Pakistan using the 
Maximum Likelihood method and Tamura-Nei model. Circular symbols denote 
bootstrapping values greater than 70%. 

5.3.2.4 ITS2 Comparison 

The distinct sequences of larvae recovered from Australia (Table 5.4) and Pakistan 

(Table 5.6) were compared, and phylogeny was computed (Figure 5.13). The 

resulting alignment identified sequences S1 and S22 as identical across all 231 

base-pairs of the ITS2 region. Phylogenetic comparison of these distinct sequences 
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of larvae showed that specimens recovered from Australia and Pakistan (most 

closely aligning with Libyostrongylus) resolved to a distinct clade. Small differences 

were observed between these specimens; however, these were not large enough to 

suggest an additional speciation event. The ITS+ region was unable to be analysed 

across these specimens as sequences could not to be amplified from the samples 

recovered from Pakistan.  

 

Figure 5.13 ITS2 region phylogeny of unique sequences from specimens recovered 
in Australia and Pakistan. Circular symbols denote bootstrapping values greater than 
70%. 
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5.4 Discussion 

Morphological and molecular characterisation of L3 larvae recovered from water 

buffalo in Pakistan and Australia yielded results that contrast with previous reports in 

the literature and highlight potential deficiencies in current identification keys. 

Morphometrics resolved specimens into groups of larvae not described by current 

identification keys. This outcome was supported by molecular characterisation of the 

ITS2 and ITS+ regions which identified three specimens not stored in the GenBank 

repository. Large differences between the amplified ITS+ sequences and the most 

similar query samples suggests these specimens may be novel species, or have 

been previously recovered, but are not present in the GenBank database. In addition 

to these specimens, this study also identified gastrointestinal nematodes of 

agricultural importance in Australia and Pakistan that have been previously 

described infecting water buffalo using morphological methods, but not using 

molecular methods (Khan et al., 2010; Roeber et al., 2013).  

Three specimens were reported in this study that did not closely align to specimens 

listed in the GenBank repository. These specimens aligned with the genera 

Oesophagostomum, Trichostongylus, and Spiculopteragia across the ITS+ region, 

but had a large number of nucleotide differences when aligned to the most similar 

GenBank sequence (Table 5.5). Data collected on the second fieldtrip supported 

these unexpected findings with additional larval Oesophagostomum and 

Spiculopteragia specimens, and female adult Oesophagostomum specimens being 

recovered. Molecular analysis of these specimens confirmed they were indeed the 

same species recovered during the first field trips. 

This study is the first to identify strongyle-type nematodes similar to Spiculopteragia 

in water buffalo with specimens recovered from water buffalo in Australia. 

Spiculopteragia species are typically hosted by deer but have also been reported 

anecdotally to infect sheep and cattle (Borgsteede, 1982). The identification of this 

species from water buffalo across multiple farms in both Australia and Pakistan 

suggests it is a common parasite of water buffalo. The lack of previous reports of 

infection in sheep or cattle with this parasite indicates that Spiculopteragia may have 

higher host specificity for water buffalo. Four distinct sequences were reported, but 

all resolved to one clade, indicating these differences are insignificant. The closest 

query sequence, S. houdemeri, resolved into a separate clade with 26–27 base-pair 

differences across the ITS+ region. L3 larvae morphology of the genus 

Spiculopteragia has not been previously described. Spiculopteragia specimens were 
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present on more than one farm. In Australia, there is a high level of animal 

movement between water buffalo farms. This increases the likelihood of parasite 

transmission between water buffalo farms, unless there are good quarantine 

protocols to manage these movements. 

Species that aligned most closely with the genus Trichostrongylus were present in 

both Australia and Pakistan. Sequences S13, S14, S15 and S16 were present in 

Australia. Phylogenetic analysis resolved these specimens into a separate clade, 

with the most common congeners being Trichostrongylus colubriformis and T. 

vitrinus. These congeners, however, were relatively distant with 747/835 (89%) 

base-pairs aligning across the ITS+ region, suggesting the recovered specimens are 

a novel species, or a species not previously reported to GenBank.  

Sequence S20 was recovered only from a Pakistan specimen. This specimen was 

an exact match across the ITS2 region for T. axei query samples retrieved from 

GenBank. Morphology of Trichostrongylus species is well reported in sheep and 

cattle. Third stage Trichostrongylus larvae are typically the shortest specimens 

observed in ruminant livestock gastrointestinal nematode infections. Morphometry of 

Type A specimens (recovered from Australia) and Type E specimens (recovered 

from Pakistan) aligned with the descriptions of the Trichostrongylus genus, being 

less than 700um long, and having no tail filament. Trichostrongylus spp. cause 

significant impact in sheep and cattle enterprises in Australia (McLeod, 1995). 

Trichostrongylus axei, identified in Pakistan is of lesser veterinary concern than other 

species of the genus. It does, however, have high host pliancy, infecting both 

ruminants and equids (Collobert-Laugier et al., 2000), an important factor to consider 

in Pakistan due to the high number of horses and donkeys reported on farms 

(Chapter 3).  

Comparing the ITS2 regions of specimens recovered from Australia and Pakistan 

identified a common species. Specimens most closely aligning with Libyostrongylus 

were an exact match between the two countries. In Australian specimens, the ITS+ 

region was successfully amplified and aligned most closely with Trichostrongylus. 

The ITS+ region of specimens from Pakistan could not be amplified. To consolidate 

these results, comparison of the ITS+ region should be undertaken. The 

identification of a common species between water buffalo in Australia and Pakistan 

suggests the parasite may be endemic in water buffalo populations. 
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Specimens that aligned most closely to Oesophagostomum were substantially 

divergent from the most similar GenBank sequences, as evident in the long branch 

length of the inferred ITS+ phylogeny. Only 717/845 (85%) identities were present 

when aligned with the most similar sequence (Table 5.5). Several 

Oesophagostomum species are common to sheep and cattle (Roeber et al., 2013), 

but specimens recovered from water buffalo in this study failed to align closely with 

these species. The inferred ITS+ phylogeny (Figure 5.11) highlighted 

Oesophagostomum radiatum, (known to infect large ruminants [Taylor et al., 2007]) 

as the most distantly related species of the genus followed by O. venulosum and O. 

columbianum (known to infect sheep [Taylor et al., 2007]). The distances are not 

unexpected as species of Oesophagostomum are reported to infect a range of hosts, 

and unlike Trichostrongylus, are not limited to infecting herbivores. Of particular 

concern is O. bifurcum, a zoonotic species endemic to many regions in Africa 

(Verweij et al., 2001). 

Supporting the low identities of BLAST results, adult specimens were recovered, and 

morphological features not previously associated with Oesophagostomum were 

described. Namely, the presence of a large external extension of the reproductive 

tract. Sanger Sequencing revealed that the adult (n = 2) and larval specimens (n = 4) 

were identical across the ITS+ region. Unfortunately, male specimens were unable to 

be recovered during the second field trip, and the opportunistic nature of farm animal 

post-mortem examinations restricted any additional attempts of recovery during the 

timeline of the project. From a production standpoint, Oesophagostomum species 

infect both sheep and cattle, and although they are not the most pathogenic species, 

their presence in water buffalo systems may still impact animal health and production 

(Roeber et al., 2013). 

In addition to the three undescribed species recovered in this study, molecular 

characterisation also identified three common gastrointestinal nematodes known to 

infect livestock. These being H. contortus, and Cooperia sp. in Australia, and T. axei 

in Pakistan. When conditions suit, these species cause significant production loss in 

sheep and cattle production systems (Roeber et al., 2013). Parasite impact may vary 

between host species, and further work is required to ascertain the impact of these 

parasites in water buffalo production systems. 

The observation of L3 larvae specimens that cannot be identified using previously 

described morphological keys is of concern. Although most parasite control 
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strategies treat strongyle-type nematodes as a group, the pathogenicity of some 

species is greater than that of others, and the knowledge of which species are 

present in a system is beneficial to decision making (Waller, 1999).  

Morphological differentiation of L3 larvae is a common diagnostic tool used to 

estimate proportions of gastrointestinal nematode species in a strongyle-type 

infection. Current reference keys, developed for the identification of L3 larvae, do so 

with a focus on sheep and cattle parasites. The presence of strongyle-type 

nematodes in water buffalo populations that are not described by current 

identification keys (as highlighted by this study) increases the risk of error when 

identifying larvae, possibly leading to ineffective management. In addition, current 

identification keys may be inconsistent for use on specimens recovered from water 

buffalo due to morphometric variations induced by the host. Variation in L3 larvae 

morphometry can vary dependent on the host species (i.e. sheep, cattle or water 

buffalo). For example, the mean sheath tail length of Cooperia oncophora recovered 

from cattle (94 um) and from sheep (73 um) varies (Van Wyk and Mayhew, 2013). 

These variations are yet to be investigated in L3 larvae from water buffalo, 

highlighting another area of potential error where future research can increase the 

accuracy of morphological identification of gastrointestinal nematodes of water 

buffalo. 

The mal-alignment of specimens recovered in this study with current identification 

keys suggests potential inaccuracies reported by previous research. Previous 

research describing gastrointestinal nematode species in Pakistan have referenced 

Soulsby (1982) and Zajac and Conboy (2012) for describing L3 nematode 

specimens. These studies are likely to have experienced similar issues to the current 

study. However, molecular work was not undertaken, and authors would not have 

been alerted to the potential presence of undescribed parasite species in addition to 

those common to sheep and cattle. 

The methods employed in this study may also be the cause of some mal-alignment 

with morphometric keys. Ethanol was used as a fixative agent to reduce DNA 

degradation before molecular characterisation. This was necessary in Pakistan as 

specimens were shipped back to Australia and required fixing as per Australian 

Quarantine and Inspection Service requirements. In addition, other common 

techniques for fixing parasites such as the application of Lugol’s iodine, lactophenol, 

or formaldehyde can cause PCR inhibition, making sequence analysis difficult. One 
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anecdotal negative to fixing larvae in 70% ethanol is the contraction of specimens 

due to dehydration. This dehydration may subsequently increase the recorded 

sheath tail length of specimens as the larval body retracts. Repeat sampling in 

Australia yielded an additional four larvae for morphometric assessment. These 

specimens were fixed directly with lactophenol, not ethanol, and resolved into 

morphotype groups alongside specimens from the initial Australian fieldtrip. This 

suggests larval body contraction was not a significant issue and is unlikely to 

contribute to the observed mal-alignment with morphometric keys. 

Regardless of this potential variation, it is evident that morphometric types 

significantly different from those described in previous morphological keys were 

present, and molecular results support this assertation. Specimens that resolved into 

morphotype “Type B”, were distinctly shorter in whole body length than any species 

described in current keys. The application of ethanol to fix specimens may cause 

contraction of the larvae body, but not the exterior sheath. Whole body length 

measurements were taken using the most extreme anterior and posterior points of 

the external sheath and should, therefore, not be affected by fixation with ethanol. 

Lactophenol was employed as a clearing agent before specimens underwent 

morphometric analysis. Its application increased the ease of identifying where the 

anus attaches to the external sheath of each specimen, allowing for faster, more 

accurate measurements. Cooperia sp. L3 larvae contain refractile bodies at the 

anterior extreme that allow for rapid identification to genus during microscopy. The 

application of lactophenol, likely makes these refractile bodies translucent and 

difficult to detect. Despite being a very useful aid to determine nematode 

morphology, lactophenol can have its disadvantages. Measurements of “Type C” 

morphotype specimens supported Cooperia sp., but lacked refractile bodies. This 

was likely a result of using lactophenol, not the absence of refractile bodies. 

Although morphology of specimens (whole length and sheath tail length) revealed 

several distinct groups, the number of specimens that resolved into each grouping 

was not equal (the smallest group containing only four specimens). While there was 

little variation within morphotypes, increasing the number of specimens within each 

group would be beneficial in minimising any discrepancies. In this study, the low 

level of infection and low prevalence observed during faecal surveys, limited the 

number of larvae available for examination. The proportion of infections heavily 
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favoured some morphotypes. Future research should seek to collect an increased 

number of specimens to mitigate this issue. 

Potential inaccuracies in morphological identification highlight the value of molecular 

characterisation for definitive diagnosis, but should not detract from the use of L3 

larvae identification in livestock production systems, particularly in developing 

countries where access to technology and the cost of molecular diagnosis may be 

prohibitive. Updating morphological keys to better reflect the gastrointestinal 

nematodes of water buffalo should be a priority to ensure accurate diagnosis can 

take place. 

The use of ITS2 and ITS+ rDNA regions in this study highlighted minor discrepancies 

that should be considered when conducting phylogenetic analyses. Although these 

regions overlap, data for both the ITS2 and ITS+ region were included in the results 

as the ITS+ was unable to be amplified for all specimens recovered from Pakistan, 

and some specimens recovered from Australia. As a result, the resolved phylogenies 

of the two regions were compared. Internal transcribed spacer rDNA is a valuable 

tool for gastrointestinal nematode species delineation (Chilton, 2004). Many studies 

have characterised and compared the ITS1 and ITS2 regions, with the majority 

favouring species delineation using the ITS2 region. Amplification of the ITS+ region 

has increased complexity due to its amplicon size. Despite increased amplification 

complexity, results presented in this study suggest the ITS+ has a greater 

phylogenetic resolving power compared to the ITS2 region. 

The phylogeny of trichostrongyloid parasites common to livestock has previously 

been analysed using the ITS2 region; however, prediction of secondary structure 

was employed to inform subsequent nucleotide alignments and phylogeny, while 

alignments in the current study were based off sequence information only (Chilton et 

al., 2001). Where species overlap occurred in the current study, phylogenetic trees 

resolved similar species lineages, suggesting leveraging secondary structure 

information may not be necessary for determining evolutionary relationships of the 

select species. The current study also incorporated a greater number of species, 

from both Trichostrongylidea and Strongyloidea, superfamilies. At the ITS2 region, 

O. radiatum failed to resolve into clades with other Oesophagostomum species 

(Figure 5.10). The inaccurate divergence of the superfamilies that was observed 

when scrutinising the ITS2 region was rectified when the ITS+ region was employed 

for analysis (Figure 5.11). The resulting ITS+ phylogeny maintains a similar lineage 
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for trichostrongyloid species, as proposed by Chilton et al. (2001), but appears to be 

more accurate at the superfamily level compared to the ITS2 phylogeny reported in 

the current study. 

Between the inferred phylogenies of ITS2 and ITS+ regions, some changes in 

resolved ancestry were observed. Of particular note, S2 aligned most closely with 

Libyostrongylus across the ITS2 region; however, when ITS+ was examined, S2 

aligned most closely with species of the Trichostrongylus genus. The ITS2 region of 

Haemonchus specimens aligned closely with H. placei; however, the ITS+ region 

was aligned most closely with H. contortus. The phylogeny of Haemonchus is well 

documented and studies suggest the ITS2 region provides adequate resolution to 

discriminate between species (Stevenson et al., 1995; Brasil et al., 2012). The data 

presented in this study contradicts previous findings, with the most similar species 

from the GenBank repository changing between the ITS+ and ITS2 regions. Few 

nucleotide substitutions separate H. contortus and H. placei across the ITS2 region. 

Also, hybridisation between the two species has been reported which may account 

for the variation (Chaudhry et al. 2015). Unfortunately, additional genomic regions 

selected for investigation in this study failed to produce amplicons that would allow 

for further scrutiny. Additional investigation of Haemonchus species hosted by water 

buffalo is warranted to clarify the alignment changes observed in this study. 

Findings of this study suggest the ITS2 region, while a useful tool for fast 

identification with proven primers, may be unreliable for the definitive identification of 

some specimens recovered from water buffalo. The ITS+ region should therefore be 

used in future studies where molecular characterisation is employed. Amplification of 

additional conserved regions, such as mitochondrial DNA genes, may also be 

beneficial when specimens are closely related (Blouin, 2002). The mitochondrial 

DNA gene cytochrome oxidase 1 (COI) was unable to be amplified during this study 

from any of the collected specimens for reasons that are unclear. The integrity of 

samples recovered from Pakistan may have been partially compromised due to an 

extended period at room temperature in ethanol, but COI regions could not be 

amplified from Australian samples either. The highly dissimilar sequences observed 

at the ITS2 and ITS+ regions suggest some variation at the COI site. These 

variations may render previously described primers, developed from known 

nematode sequences, ineffective at amplifying the gene. 
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5.5 Conclusion 

Despite the low levels of gastrointestinal nematode infection observed in farmed 

water buffalo in Australia and Pakistan, a number of species were recovered, some 

of which do not appear in current literature or in the genetic database GenBank. 

Molecular and morphological characterisation identified several unique species that 

were present in both Australia and Pakistan, and between farms in each country, 

suggesting these species are relatively common. Of concern is the partially 

overlapping morphology of L3 larvae reported in this study with current dichotomies, 

suggesting potential mis-identification in the past. In the future, incorporating these 

species into identification keys developed for use in water buffalo infections will aid in 

reducing this issue. 

Recovery of adult gastrointestinal nematodes from water buffalo in Australia further 

support the finding that these specimens have not previously been described. 

Unfortunately, no males were recovered to complete the description to a species 

level. 

The identification of undescribed gastrointestinal nematodes infecting water buffalo 

highlights the need for further research. These species align most closely with 

parasitic genera of agricultural importance and may be infective to multiple ruminant 

hosts. Characteristics including fecundity, seasonality and pathogenicity require 

investigation to ascertain the potential impact these species have on water buffalo 

production. 
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Chapter 6: General discussion 
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6.1 Introduction 

The key components of managing parasite infection in ruminant farming systems, 

are monitoring the prevalence of infection, knowing the species of parasite present, 

and having parasite management technology at the disposal of the farm (Kahn and 

Woodgate, 2012; Waller, 2006b). Reviewing the literature of gastrointestinal 

nematode parasitism in water buffalo highlighted several areas where information is 

lacking to support the requirements of good parasite management (Chapter 2). To 

address these issues, the specific aims of this research were to: 

1. Estimate the prevalence of gastrointestinal nematode infection in water 

buffalo from Australia and Pakistan (Chapter 3 and 4). 

2. To describe current management used on farms in Australia and Pakistan and 

identify practices (risk factors) that affect the prevalence of gastrointestinal 

nematode infection in smallholder farms (Pakistan) and extensive grazing 

operations (Australia) (Chapter 3 and 4). 

3. Use morphological and molecular methods to describe gastrointestinal 

nematode species infecting water buffalo in Australia and Pakistan and 

compare the identified species with previously described species and 

parasites known to infect sheep and cattle (Chapter 5). 

 

This chapter will highlight the research outcomes of the three studies, discussing 

their implications with a focus on water buffalo farms and recommendations. 

6.2 Gastrointestinal nematode infection: prevalence and identification 

The observed prevalence of intestinal nematode infection in water buffalo reported in 

the study in Pakistan was considered low at 30% (n = 954 water buffalo), although 

79.5% of farms reported at least one infected water buffalo. Gastrointestinal 

nematode prevalence did vary between localities (19.7–38.2%) with drier districts 

experiencing the lowest rate of gastrointestinal nematode infection. This trend of 

overall low-level infection was exaggerated in Australia with 8% of water buffalo 

recording gastrointestinal nematode infections (n = 322 water buffalo). The variation 

in gastrointestinal nematode prevalence observed between districts in Pakistan was 

generally not observed between farms in Australia, despite highly variable climatic 

conditions and geographic locations (12.2–17.6% of animals infected across the five 

farms located in New South Wales and Queensland). The exception to this were the 

three farms located in Victoria. These farms recorded no gastrointestinal nematode 
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infections despite reports of infection published for other ruminant livestock in both 

the Yarra Valley and Gippsland regions where these farms are located (Bullen et al., 

2016; Jabbar et al., 2013). Although a prevalence of zero in water buffalo is possible, 

it is more likely infections were not observed due to the timing of the survey, the 

number and demographic of water buffalo sampled, and the use of anthelmintics on-

farm every six months (Chapter 4). 

Previous surveys of gastrointestinal nematode infection in water buffalo from 

Pakistan describe greater levels of infection than were observed in this study, 

reporting rates of up to 75% (Bilal et al., 2009). Poor description of methodology, 

differing faecal floatation methodologies, and seasonality of gastrointestinal 

nematode infection may account for the differences in infection prevalence 

previously reported, and those observed in this study. The observed prevalence in 

Australia was low but similar to a previous report from Poland (10%) (Kobak and 

Pilarczyk, 2012). The low prevalence of gastrointestinal nematodes reported in 

Pakistan (Chapter 3) and Australia (Chapter 4) suggests management, climatic, or 

physiological pressures are reducing the ability for gastrointestinal nematodes to 

persist within these water buffalo farming systems.  

The available survey population may also contribute to the low prevalence reported. 

Animal age is known to affect the occurrence of parasitism in sheep and cattle 

(Herlich, 1960). Despite a low number of young water buffalo being available at the 

time of surveying, trends in the data from Australia and Pakistan suggest the same is 

true of water buffalo, with levels of incidence following similar trends to that of cattle. 

Where large numbers of young water buffalo are surveyed, the incidence of 

parasitism is likely to be higher. Future research focussed on gastrointestinal 

nematode parasitism in young livestock (0–2 years old) will help further explain the 

role of immunity in parasitism. 

Another potential reason for the low prevalence observed in this study can be drawn 

from sheep with similar physiological characteristics. Genotypes have been identified 

in sheep from remote, partially undeveloped, farming systems whereby sheep, 

throughout long periods of selection pressure, have developed an increased 

resistance to gastrointestinal nematodes (Beraldi et al., 2007). Although this is 

difficult to verify, in sheep and cattle systems the deliberate selection of parasite 

resistant animals has proven successful (Gray, 1997). Water buffalo originate from 

systems where the critical selection pressure is not production, but survival in a 
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difficult environment (Devendra and Thomas, 2002). In Australia, although farming 

systems are more developed, water buffalo have been sourced from developing 

countries in Asia where, like Pakistan, the selection pressure would be similar. The 

water buffalo present on farms in Australia are low yielding, but animal health 

appears high. In the future, as selection for increased growth rates and milk 

production increase in the Australian herd, changes in susceptibility to 

gastrointestinal nematodes may occur and become a management issue. At this 

time, however, it appears that there is no substantial impact being exerted on water 

buffalo by gastrointestinal nematode infections. 

Faecal egg counts revealed that strongyle-type nematodes were the largest 

proportion of gastrointestinal nematode infections in both countries. This group of 

parasitic species are agriculturally important globally due to widespread distribution 

and pathogenicity (Taylor et al., 2007). Also reported at a low frequency were 

Trichuris sp. and Capillaria sp. in Pakistan, and T. vitulorum in both Australia and 

Pakistan. The relative proportion of gastrointestinal nematode eggs observed in this 

study were similar to previous reports from Pakistan (Anwar, 1996; Khan et al., 

2010), with strongyle-type nematodes being the most common eggs observed. 

Trichuris ovis has previously also been reported in Pakistan (Bhutto et al., 2002). 

Capillaria has previously been reported in water buffalo from Indonesia, but not 

Pakistan (Karim et al., 2016). Trichuris and Capillaria are considered mildly 

pathogenic compared to strongyle-type nematodes and pose a low risk to water 

buffalo health and production in Australia (Love and Hutchinson, 2007). 

While strongyle-type nematodes are comprised of multiple species, they are 

commonly managed as “one unit” on-farm. However, there is real value in knowing 

the species present due to their potentially varying pathogenicity, fecundity, pre-

patent period, host specificity, climatic preferences and susceptibility to available 

chemotherapies (Zajac, 2006). In Chapter 5, L3 larvae recovered from water buffalo 

in Australia and Pakistan were differentiated using morphological and molecular 

methodologies. Phylogenetic analysis identified three undescribed species of 

strongyle-type nematodes, aligning most closely across the ITS+ region with the 

genera Spiculopteragia, Oesophagostomum and Trichostrongylus. Specimens 

aligning most closely with Trichostrongylus were recovered from both Pakistan and 

Australia. Two adult female specimens that do not align with current morphological 

descriptions or molecular data were also recovered from the gastrointestinal tract of 

a slaughtered water buffalo in Australia. These adult specimens aligned most closely 
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to Oesophagostomum spp.. Phylogenetic analysis of the ITS+ region was supported 

by morphological characteristics of the recovered adult specimens, with both having 

a prominent cephalic vesicle, typical of Oesophagostomum spp.. No male 

nematodes were recovered to allow for description to species using spicule 

morphology. In addition to the previously undescribed species identified in this study, 

agriculturally important species T. axei, Cooperia sp. and Haemonchus sp. were also 

recovered. These species are recognised in sheep and cattle production systems as 

causing significant production losses (Taylor et al., 2007). In water buffalo, their 

impact is not well understood, and further research is required to confirm their 

importance. 

A crucial outcome from the data presented in Chapter 5 was the non-conformity of 

L3 larvae recovered from water buffalo to currently available morphological 

identification keys (Soulsby, 1982; Van Wyk and Mayhew, 2013; Zajac and Conboy, 

2012). In addition, morphometrics of some specimens recovered in this study 

partially overlapped with previous descriptions of known strongyle-type nematodes. 

These keys were developed for the identification of strongyle-type nematodes in 

sheep and cattle, not water buffalo, which may explain the discrepancies. The 

identification of potentially undescribed species that could not be identified using 

existing identification keys increases the risk that, in previously published literature, 

strongyle-type L3 larvae were identified incorrectly. This may be the reason previous 

reports of gastrointestinal nematode infections in water buffalo reported the presence 

of strongyle-type species common to sheep and cattle.  

To mitigate concerns of misidentification, the development of a new dichotomous key 

focussed on the strongyle-type nematode species infecting water buffalo (including 

the undescribed specimens reported in this study) should be undertaken. The use of 

molecular techniques to identify strongyle-type nematodes to genus may also be 

utilised. Conventional PCR, sequencing and alignment should be routinely used to 

identify recovered specimens, as in this survey. This technique, however, can be 

expensive with a long turnaround time. In the commercial diagnostic context, the 

development of a multiplex PCR technique for fast, and accurate speciation of 

strongyle-type nematodes (not requiring sequencing) may be employed (Hunt and 

Gasser, 2009). This technique has proven successful in the diagnosis of nematode 

infections from sheep, cattle, and alpaca (Hunt and Gasser, 2009; Rashid et al., 

2018; Roeber et al., 2017). Multiplex PCR would be a valuable tool for strongyle-type 

nematode differentiation given the apparent shortcomings of identifying L3 larvae 
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based on morphology and currently available keys as identified in this study. The use 

of molecular techniques may not be an economically viable option for regular 

diagnostic work in developing countries such as Pakistan. This reinforces the need 

to develop a dichotomous key with particular focus on strongyle-type nematode 

species recovered from water buffalo. 

Although the prevalence and infection intensities of gastrointestinal nematodes 

reported in this study were low, the identification of nematode species not previously 

described in the literature or present in the GenBank repository is of concern. Key 

parameters such as pathogenicity and fecundity are not yet known in these species. 

Further research is warranted to assess the impact these nematodes may have on 

water buffalo health and production at varying rates of infection. This information is 

required to better recommend management strategies for water buffalo farms. 

6.2.1 Prevalence and speciation in the context of farm management 

The low prevalence of gastrointestinal nematodes, coupled with low intensities of 

infection, suggests gastrointestinal nematodes are not a serious concern to water 

buffalo health and production on farms in Australia and Pakistan. In the case of 

Pakistan, it appears other on-farm factors such as providing adequate food, water 

and shelter are of greater production impact and should take higher priority than the 

control of gastrointestinal nematodes. Compared to Pakistan, in Australia, where 

feed and water are abundant, the impact of gastrointestinal nematode parasitism 

appears minimal. With prevalence of gastrointestinal nematode infection around 8% 

in Australian water buffalo, and low infection intensity, there seems little need to 

recommended changes be made to current farm management practices.  

Despite the low prevalence reported in this study, it may be of benefit to farmers to 

keep gastrointestinal nematode parasitism in mind since Trichostrongylus infections 

in weaner cattle as low as 50 eggs per gram may cause ill-thrift (Love and 

Hutchinson, 2007), and Trichostrongylus-like specimens were recovered from two 

water buffalo farms in Australia and Pakistan. In water buffalo, there are no defined 

therapeutic thresholds regarding when to treat for gastrointestinal nematodes, 

therefore, deciding the appropriate time for therapeutic intervention is difficult. To 

mitigate this, it is important for farmers to monitor their water buffalo. Performing 

periodic faecal egg counts, particularly during high stress times or when weather 

conditions change (such as periods of high rainfall), could identify increases in worm 

burdens that may need to be controlled. This is particularly important in Pakistan 



145 

where the amount of food and water provided is often less than ideal, and the overall 

health status of water buffalo is low compared to in Australia. Importantly, while 

overall prevalence of gastrointestinal nematode infection was relatively low, higher 

prevalence was observed in some key cohorts of water buffalo, and management 

practices that may help reduce gastrointestinal nematode parasitism in these groups 

is recommended. 

6.3 Management of water buffalo: applying the outcomes of this study 

The management of water buffalo in Pakistan and Australia is strikingly different. In 

Pakistan, water buffalo are commonly tethered or penned, and fed remotely sourced 

fodder; whereas in Australia, water buffalo are allowed to graze freely in large 

paddocks. Despite considerable farming system differences, farm management 

practices and individual water buffalo characteristics in both Pakistan and Australia 

can influence the likelihood of gastrointestinal nematodes observed in water buffalo. 

In Pakistan, 19 farming practices or water buffalo characteristics (such as age and 

sex) were identified as having a significant effect on gastrointestinal nematode 

infection on-farm (described in detail in Chapter 3). These could mostly be explained 

as management practices that interrupted the continuation of the strongyle-type 

parasite lifecycle; however, some key variables such as body condition score and 

age are related to animal stressors and immunity. Multivariate analysis identified 

seven management factors with the greatest influence on gastrointestinal nematode 

infection in Pakistan, highlighting a combination of stress associated predictors and 

lifecycle-interruption management practices that are key to reducing the likelihood of 

gastrointestinal nematode infection on-farm. Despite being unable to justify the data 

recorded in Australia through statistical validation, similar trends in gastrointestinal 

nematode infection were observed. The predictors and trends of infection identified 

in both Australia and Pakistan can be manipulated by farmers to reduce 

gastrointestinal nematode infections on-farm. Farmers may focus on water buffalo 

characteristics such as overall animal health and age, and farm management 

practices that interrupt the transmission of gastrointestinal nematode in an effort to 

reduce on-farm prevalence. 

Body condition scoring is a common decision-making tool used in ruminant livestock 

production that assists in assessing the metabolisable energy stores of an animal 

(fat, normal weight or emaciated) and can give indications of an animal’s health 

status. In Pakistan, body condition score was the most significant predictor of 
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gastrointestinal nematode infection. However, managing the nutritional status of 

water buffalo in Pakistan may be difficult due to shortages in feed, low-quality feed, 

and extreme temperatures. It may, therefore, not be the first factor a farmer chooses 

to manipulate in an attempt to reduce gastrointestinal nematode parasitism on-farm. 

In Australia, body condition scores were almost always high, indicating ample feed 

and water, and low-stress environments. In a small number of animals, body 

condition scores were low (BCS-2 or less). In these animals, gastrointestinal 

nematode prevalence was greater (23%, n = 26) compared to prevalence in BSC-3 

or greater animals (4%, n = 168). In the event of decreasing body condition scores, 

the increasing impact of parasite challenges should be considered. High stress times 

such as drought, or extreme temperatures may place water buffalo into a negative 

energy status. During these times, the immune response to gastrointestinal 

nematode parasitism is likely to reduce, and susceptibility to infection increases. 

The age of a water buffalo also influences the likelihood of gastrointestinal nematode 

infection. Data collected in both Australia and Pakistan indicate the likelihood of 

gastrointestinal nematode infection in water buffalo is highest in calves (12.9% 

higher than adult water buffalo in Australia and 27.2% higher than adult water buffalo 

in Pakistan). In Australia, calves are often removed from their mothers a few days 

after birth and placed in individual calf rearing boxes. These environments are high-

stress and may impair immune function that is already only partially developed, 

therefore, increasing susceptibility to gastrointestinal nematode infection (Charlier et 

al., 2018). A few weeks after removal from their mothers, the calves are moved to 

larger pens with other similarly aged animals. Calf management in Pakistan is poor 

and results in high rates of calf mortality, with figures as great as 79.5% mortality (n 

= 410 born) reported in one study (Ahmad et al., 2009). Several ongoing practices on 

smallholder farms in Pakistan may increase the risk of gastrointestinal nematode 

infection. These may include colostrum being used for human consumption rather 

than being offered to newborn calves (Wynn et al., 2009), reducing the opportunity 

for transfer of maternal immunity (Quigley and Drewry, 1998), and the decreased 

volume of milk being offered to calves compared to optimal volumes, resulting in 

retarded growth and increased stress. These issues culminate in 

immunocompromised calves that become easily infected when exposed to infective 

larvae of gastrointestinal nematodes. 

To reduce the likelihood of gastrointestinal nematode infection in water buffalo 

calves, focus should be placed on providing environments free of infective stages of 
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gastrointestinal nematodes. Currently in Australia, calf rearing pens are un-roofed 

and unhygienic (being rarely cleaned of faeces), providing a perfect environment for 

transmission of intestinal nematodes. Farms should aim to maintain hygienic calf 

rearing environments through the regular removal of faeces. Pens may also be 

occasionally rested to reduce the size of any residual infective stage populations. 

However, this practice is ineffective if T. vitulorum is present in a water buffalo 

population, because eggs may survive in the environment for more than two years. It 

is also important to ensure these calves are provided with adequate nutrition and 

protection from climatic extremes to minimise stress. Water buffalo calves that are 

weaned off their mothers at six to nine months of age are also at risk of increased 

stress and reduced immune response (Enríquez et al., 2011), potentially leading to 

increased gastrointestinal nematode infection rates during the acclimation period. 

This should be considered at weaning and these animals should be provided with 

pastures free of gastrointestinal nematode contamination.  

In Pakistan, the adoption of good calf rearing practices, as outlined by the Agriculture 

Sector Linkages Program (ASLP), is likely to reduce the amount of stress placed on 

a water buffalo calf, increasing its ability to resist gastrointestinal nematode 

challenges and leading to increased calf survival. When adopted, these practices 

have been reported to increase calf liveweight up to 500% (McGill et al., 2016), 

suggesting resistance to gastrointestinal nematode challenge would increase. 

Calves in Pakistan should also be provided with environments free of infective stage 

gastrointestinal nematodes. This is already partially occurring on smallholder farms 

at a whole-farm level, proving beneficial to both calves and adult water buffalo. 

In Pakistan, faeces are also removed regularly from water buffalo pens and from 

around tethered animals to be dried and used later as fuel for cooking fires, thus 

removing a major source of local environmental contamination with eggs/larvae of 

gastrointestinal helminths. Increased frequency of faeces removal reduced the 

likelihood of gastrointestinal nematode infection (33.9% prevalence observed in 

water buffalo on farms where faeces was removed once per day, compared to 

25.3% prevalence on farms where faeces was removed twice per day).  These 

activities are likely to greatly reduce the potential for high level of exposure to 

infection but may not be enough to reduce the overall prevalence in an area.  

In Australia, when water buffalo are grazed in paddocks, the regular removal of 

faeces is almost impossible, making it more difficult to interrupt the transmission 
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cycle when compared to Pakistan. However, Australian water buffalo farmers can 

mitigate the risk of infection by employing strategies that reduce the population size 

of infective stage parasites in grazing systems. Pasture management strategies 

include rotational grazing, resting paddocks, and strategically grazing pastures with 

cohorts of water buffalo with different susceptibility to infection (Kahn and Woodgate, 

2012; Waller, 2006b). Although these practices are beneficial to gastrointestinal 

nematode reduction on-farm, results from this study indicate few farms in Australia 

currently utilise these practices with gastrointestinal nematode parasitism in mind. If 

on-farm prevalence and infection intensities increase, farmers should consider 

implementing these strategies to aid in the interruption of gastrointestinal nematode 

transmission. 

In Pakistan, the provision of parasite free environments is difficult to achieve when 

farmers opt to use communal grazing. Communal grazing areas are utilised by 

multiple farmers, abrogating any control farmers have over maintaining 

gastrointestinal nematode management. These pastures have the potential to 

become heavily contaminated with infective-stage larvae because faeces are not 

collected and removed as on the farms where water buffalo are in small pens or 

tethered. This was supported by the findings of this study, where 23.2% prevalence 

was observed in water buffalo that were not communally grazed versus 33.8% 

prevalence in water buffalo that were (Chapter 3). Although communal grazing was 

observed to increase the likelihood of gastrointestinal nematode infection, the 

practice is also likely to improve the overall health and production of the animals 

because they are obtaining more food, despite the increased gastrointestinal 

nematode prevalence. This could not be confirmed in the present study and warrants 

further investigation before recommendations are made. The increase in 

gastrointestinal nematode prevalence observed in Pakistan, where un-managed 

pastures are utilised (communal grazing), supports the recommendation that water 

buffalo farmers in Australia employ some form of pasture management practice to 

reduce the likelihood of gastrointestinal nematode infection in grazing water buffalo. 

The ascarid, T. vitulorum, was found in water buffalo calves in both Pakistan and 

Australia. This gastrointestinal nematode has a different transmission pattern to 

strongyle-type nematodes. Toxocara vitulorum control requires additional 

management strategies due to its trans-mammary route of infection and highly 

resilient free-living embryonated eggs that can remain viable in the environment for 

several years (Thienpont and De Keyser, 1981). Measures that control 
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environmental contamination with eggs are important (Rast, 2013). The most 

effective method of control in both Pakistan and Australia (where calves are weaned 

at birth) is the isolation of calves as soon as possible from the main water buffalo 

herd, coupled with regular cleaning and removal of faeces from their pens. In 

untreated calves infected with T. vitulorum, egg production is reported to last up to 

53 days (Roberts, 1990). Anthelmintic application (pyrantel or macrocyclic lactones) 

have been shown to be effective against adult stage T. vitulorum (Avcioglu and 

Balkaya, 2011a). Given the potential long period of egg output, requiring regular 

faeces removal, anthelmintics could be a more suitable solution. 

Anthelmintic use was shown to influence the likelihood of gastrointestinal nematode 

infections of water buffalo in Pakistan, but no trends suggested the same in 

Australia. In addition, low prevalence, low infection intensity, and no anthelmintics 

being registered for use in water buffalo in Australia, suggest water buffalo farmers in 

Australia should avoid the use of anthelmintics unless deemed necessary by a 

veterinarian. In Pakistan, reports of product adulteration (dilution) and deliberate 

underdosing (personal observation), reduce the effectiveness and value of an 

anthelmintic application. In some instances, in Australia and Pakistan, such as 

rearing young livestock, stressed livestock, or livestock exposed to high levels of 

infective stage nematodes, intervention with anthelmintics would be beneficial. Also, 

pharmacokinetic studies have identified lower levels of bioavailability of active 

compounds in water buffalo compared to other ruminants. This increases the risk of 

underdosing, leading to potential failure of the treatment and long-term issues such 

as resistance (Smith et al., 1999) and producers losing faith in products. Further 

research is therefore needed before sound recommendations regarding anthelmintic 

application to water buffalo can be made. 

6.4 Future work 

At the commencement of this project, a review of the literature highlighted several 

gaps in the knowledge of gastrointestinal nematode infections in water buffalo. This 

project was, therefore, developed to address prevalence, speciation, and 

management knowledge gaps. Resulting outcomes of this study highlight several 

areas where future work would be beneficial. With farm management and extension 

in mind, the areas where research is warranted are primarily concerned with the 

speciation of recovered specimens not previously described, and further explanation 

of parasite epidemiology on farms in Australia and Pakistan. 
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The use of a close-ended survey allowed for rapid coverage of multiple farms within 

this study. This survey highlighted multiple areas where improvement in 

management could be made to reduce rates of gastrointestinal nematode infection, 

but was unable to describe all management practices in detail. For example, in 

Pakistan, additional information surrounding the use of faeces as a direct fertilizer 

was not captured. These data may contribute to the persistence of low-level 

gastrointestinal nematode infection in the semi-closed, intensive systems employed 

in Pakistan. Semi-structured interviews using more qualitative research methods and 

focussing on farms with differing management practices (such as communal grazing, 

or the use of fresh faeces as fertilizer) would help support the data presented in this 

thesis. The use of farmer interviews will also increase opportunities to detail the 

intricacies of each system.  

Several additional management factors were unable to be investigated using the 

methods employed in this study. Differing temperatures and rainfall patterns 

(summer rain, winter rain, or uniform rain) will dictate the species of parasite present 

in a system and the size of infective stage populations at any given time. Wide-scale 

repeated sampling of farms across Australia and Pakistan at the scale employed in 

this study is difficult, and inputs may be best focussed on example farms from 

varying climatic regions, repeating sampling throughout the year to better understand 

seasonal variability of gastrointestinal nematodes in water buffalo. This is particularly 

important due to the identification of potentially unknown species of parasite in both 

Australia and Pakistan whose climatic preferences are yet to be established. 

Management factors such as stocking density, pasture composition and sward 

lengths at the time of grazing may also influence the effects of gastrointestinal 

nematode parasitism in water buffalo production systems and warrants further 

investigation (Moss and Bray, 2006; Walker et al., 2013). These factors would be 

difficult to analyse with cross-sectional or longitudinal designs and are better suited 

to controlled trials. 

Previous literature has reported water buffalo host the same species of 

gastrointestinal nematodes as sheep and cattle (Chapter 2). Outcomes of this study 

suggest this may not be the case with the recovery of three undescribed 

gastrointestinal nematode species. This prompts further research to better identify 

these specimens to species level. In addition, the failure of currently described 

dichotomous keys warrants the development on new keys focussing on parasite 
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species infecting water buffalo. Although potentially impractical in Pakistan, the 

development of Multiplex PCR techniques may also prove useful in identifying 

strongyle-type nematodes of water buffalo in Australia. 

6.5 Conclusions 

The findings of this study conclude that water buffalo from farming systems in 

Australia and Pakistan have low levels of gastrointestinal nematode parasitism. 

Parasite species of animal health and economic significance were observed in both 

Australia and Pakistan; however, the low levels of infection indicate the impact of 

gastrointestinal nematode parasitism in most farm systems is likely to be low. 

Molecular analysis also identified two strongyle-type nematodes specimens not 

previously described from water buffalo in Australia, and one from water buffalo in 

Pakistan. Morphology of the L3 larvae recovered from water buffalo could not be 

identified with the currently available morphometric keys that are designed to identify 

gastrointestinal nematodes normally found infecting cattle and sheep. Molecular 

characterisation is a more practical method for the identification of strongyle-type 

nematodes in water buffalo. In addition to strongyle-type nematodes, T. vitulorum, a 

parasite with a contrasting lifecycle to strongyle-type nematodes, was recovered 

from water buffalo in both Australia and Pakistan. Despite the overall low frequency 

of infection, and differing management practices between Australia and Pakistan, 

this study identified several water buffalo characteristics (such as age, sex, and body 

condition score) and farm management practices (including calf management and 

grazing practices) synonymous with both countries, that affected the likelihood for 

gastrointestinal infection. Management surrounding these predictors can be applied 

at the farm level to help reduce the incidence of infection further. The outcomes of 

this study recommend further investigation into the specimens infecting water buffalo 

in Pakistan and Australia that failed to resolve to species through morphological and 

molecular assessment, and, using the data presented in this thesis, target future 

prevalence surveys at key water buffalo cohorts where gastrointestinal nematode 

infection may greatly impact animal health and production. 
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Appendix A: Questionnaires  

 

Table A-1 Survey questions for recruited farmers in Pakistan. 

# Type Question/Required Information Answer Options 

1 Numeric Farm Number Free text 

2 Text Name of Interviewer Free text 

3 Single Select Type of Farmer Registered farmer; Traditional 

farmer 

4 Text Name of Farmer Free text 

5 Single Select Gender of Farmer Male; Female 

6 Text Name of Village Free text 

7 Text Name of District Free text 

8 Numeric Contact number of farmer Free text 

9 Single Select Education level of farmer No formal education; Primary; 

Middle; Matric; Intermediate; 

Bachelor; Other 

10 Numeric Age of the farmer Free text 

11 Numeric Number of household members Free text 

12 Multiple 

Select 

Main buffalo breed on farm Nilli Ravi; Kundi; Other (Free 

Text); NA 

13 Numeric Total number of buffalo Free text 

14 Numeric Number of buffalo females over 2 years of 

age 

Free text 

15 Numeric Number of buffalo males over 2 years Free text 

16 Numeric How many buffalo calves were born on this 

farm in the past 12 months? 

Free text 

17 Numeric Of the calves born on this farm in the past 12 

months, how many died? 

Free text 

18 Numeric How many buffalo over 2 years old died on 

this farm in the past 12 months? 

Free text 
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Table A-1 (Continued) 

# Type Question/Required Information Answer Options 

19 Multiple 

Select 

Main cattle breed at your farm Sahiwal; Cholistani; Red 

Sindhi; Cross Bred; Holstein 

Freision; Other (free text); NA 

20 Numeric Total number of cattle Free text 

21 Numeric Number of cattle females over 2 years of age Free text 

22 Numeric Number of cattle males over 2 years of age Free text 

23 Multiple 

Select 

Presence of other domestic animals in the 

farm 

Sheep; Goat; Horse; Donkey; 

Poultry; Dog; Goat 

24 Multiple 

Select 

Where do you discard animals that have 

died? 

Bury; Throw in dung pile; 

Eaten by other animals; Sell; 

Other; NA 

25 Single Select Are adult animals (over 2 years) on this farm 

tethered (tied up)? 

Yes; No 

26 Single Select Are young animals (under 2 years) on this 

farm tethered (tied up)? 

Yes; No 

27 Single Select Is shelter available to the animals to protect 

them from the sun/cold? 

Yes; No 

28 Single Select Is ad lib water provided to all animals? Yes; No 

29 Single Select If no, how many times a day are animals 

offered water? 

1; 2; 3; 4; 5; 6+ 

30 Text Where do you source your water from? Free text 

31 Single Select Is ad lib feed provided to all animals? Yes; No 

32 
 

If no, how many times a day are animals 

offered fresh feed 

1; 2; 3; 4; 5; 6+ 

33 Single Select Number of milkings per day 1; 2; 3; 4 

34 Single Select Average milk yield per milking 0-2 Litre; 2-4 Litre; 4-6 Litre; 6-

8 Litre; 8-10 Litre 

35 Single Select Timing of the calf sucking Before milking; After Milking; 

Both before and after; No calf 

sucking 

36 Single Select Do you feed your calves colostrum? Yes; No 
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Table A-1 (Continued) 

# Type Question/Required Information Answer Options 

37 Single Select How many times do you clean the dung at 

your farm/day? 

None; One; Two; More than 

two; Twice a week; Once a 

week; Other 

38 Multiple 

Select 

Where do you store the dung piles of the 

farm? 

Close place (no sunlight); 

Open place (under sunlight); 

Make dung cake; Biogas 

plant; Other 

39 Single Select Do you clean the animal feeding troughs? Yes; No 

40 Single Select Have there been any cattle or buffalo 

abortions in the last 12 months 

Yes; No; Not sure 

41 Single Select Number of abortion cases in last 12 months 1; 2; 3; 4; 5; 6+; NA 

42 Single Select Do you send your animals to a common 

grazing area? 

Yes; No 

43 Multiple 

Select 

Type of grazing Local at own land; 

Transhumance; River Plains; 

Summer Grazing; Other; NA 

44 Single Select Does the farmer agree with this statement: 

"Parasites are an important health issue on 

Pakistani farms" 

Strongly Agree; Agree; 

Unsure; Disagree; Strongly 

Disagree 

45 Single Select Would you agree with this statement: "Using 

parasite control increases production on 

Pakistan's farms." 

Strongly Agree; Agree; 

Unsure; Disagree; Strongly 

Disagree 

46 Single Select Do you or have you used commercial 

parasiticides (chemicals that kill parasites)? 

Yes, I currently use 

parasiticides; Yes, I have 

previously used parasiticides; 

No, I have not used 

parasiticides 

47 Single Select Do you or have you used plant based 

medicine to control parasites? 

Yes, I currently use plants; 

Yes, I have previously used 

plants; No, I have not used 

plants 
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Table A-1 (Continued) 

# Type Question/Required Information Answer Options 

48 Multiple 

Select 

What animal health services are available to 

you? 

Veterinary Officer; Veterinary 

Assistant; Village Quack; 

Project Initiative; University; 

49 Single Select If you have used these services, have they 

spoken to you about parasite importance and 

control? 

Yes; No; I have not used 

these services 

50 Single Select Would you agree with this statement: "My 

animals are happy and healthy" 

Strongly Agree; Agree; 

Unsure; Disagree; Strongly 

Disagree 
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Table A-2 Survey questions for recruited farmers in Australia. 

# Type Question/ Required Information Answers Options 

1 Text Farmer Name Free text 

2 Text Farmer Age Free text 

3 Text Number of Properties Free text 

4 Text Physical farm address Free text 

5 Text Postal address Free text 

6 Multiple Select Preferred method of contact Mail; Phone; Email; Other 

7 Text Farm Size Free text 

8 Text Average paddock size 
 

9 Text Annual rainfall (mm) Free text 

10 Multiple Select In what season does predominant 

rainfall occur? 

Summer; Autumn; Winter; 

Spring 

11 Single Select Main product of the farm Milk; Meat; Other 

12 Text Number of buffalo Free text 

13 Multiple Select Other livestock species kept on the 

property? 

Cattle; Sheep; Goats; 

Alpaca; Pig; Chicken; 

Other 

14 Multiple Select What companion species are kept 

on the property? 

Dog; Cat; Bird; Rabbit; 

Guinea Pig; Other 

15 Multiple Select What stock species do 

neighbouring properties carry? 

Cattle; Sheep; Goats; 

Alpaca; Pig; Chicken; 

Other 

Direction The following section collects information on on-farm management and herd 

dynamics. The team is interested in understanding how buffalo are run on the 

property and what interactions they have with one another. A group is described as 

a number of buffalo (1 or greater) separated from others by physical boundary. If 

all your buffalo run together this is classified as "One group". 

16 Single Select In how many groups are buffalo run 

on the property? 

1; 2; 3; 4; 5; Other (free 

text) 

17 Text Name of group? Free text 

18 Text Number of animals (including 

calves) 

Free text 
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Table A-2 (Continued) 

# Type Question/ Required Information Answers Options 

19 Multiple Select Age of buffalo in group? 0-6 months; 6-12 months; 

12-18 months; 18-24 

months; 24-36 months; 

36+ months 

20 Multiple Select Sex of buffalo in? Male; Female 

21 Multiple Select If more than one group, do buffalo 

ever mix? 

NA; No, buffalo are never 

mixed; Yes, buffalo are 

moved between groups; 

Only weaners are moved 

into new groups; Only bulls 

are moved between 

groups; Other (free text) 

22 Single select Do you use a rotational grazing 

method? 

Yes; No; Unsure 

23 Single select If yes, what is the average time a 

paddock is rested? 

NA; Less than four weeks 

Four to six weeks; Six to 

eight weeks; Greater than 

eight weeks 

24 Single select Do buffalo ever have access to the 

same paddocks? 

NA; Yes, buffalo are 

rotated through common 

paddocks; No, buffalo 

groups do not share 

paddocks; Unsure 

25 Single select Are any parasiticides (drenches) 

used as a management tool? 

Yes; No 

26 Single select How often are parasiticides used? Only in young animals; Only 
young and old animal; Only 
newly purchased animals; 
Less than once per year; 
More than once per year; 
Other (free text) 

27 Text What drenches have you 
previously used (active 
constituents)? 

Free text 

28 Single Select Do you weigh animals before 
drenching? 

Yes; No; NA 

29 Single Select Have you consulted vets 
regarding parasites? 

Yes; No 
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Table A-2 (Continued) 

# Type Question/ Required Information Answers Options 

30 Single select Have you ever had animals 
screened for parasites? 

Yes; No 

31 Single select Were parasites identified? Yes; No 

32 Text What species were identified 
(leave blank if unsure) 

Free text 

33 Single Select Does the property contain water 
ways and/or dams? 

Yes, both waterways and 
dams; Waterways; Dams; 
No water (farm uses water 
troughs etc.) 

34 Single Select Do buffalo have access to 
waterways and dams? 

No, buffalo only have access 
to water troughs; Yes, 
buffalo have access to 
waterways; Yes, buffalo 
have access to dams; Yes, 
buffalo have access to both 
waterways and dams 

35 Single Select What time of year is calving? Summer; Autumn; Winter; 
Spring; Year round; Other 
(free text)  

36 Text Average number of Calves per 
year? 

Free text 

37 Text Average number of calf 
mortalities per year? 

Free text 

38 Text Average number of adult animal 
mortalities per year?(animals 
aged greater than 18 months) 

Free text 

39 Single Select Are there any major issues you 
are aware of causing death or ill 
thrift? 

Yes; No 

40 Text If Yes, what is the cause of death 
or ill thrift? 

Free text 

41 Single Select Do you observe any abortions in 
your herd? 

Yes; No  

42 Single Select Would you agree with this 
statement? “Parasites are a 
problem on my farm” 

Agree; Unsure; Disagree 

 

 


