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Foreword
Parasitic diseases have a substantial financial impact on farm productivity. Globally, few
publications have detailed the prevalence or effects of parasitism in dairy and meat buffalo.
In Australia, research has been restricted to wild populations. Investigation into parasitism in
water buffalo is warranted due to the lack of readily available information detailing prevalence
and control measures in Australia's domestic buffalo populations. Current management and
treatment recommendations for novel ruminant species (such as buffalo) have been adapted
from sheep and cattle management practices. Although these recommendations may be of
some benefit, given the physiological differences between all ruminants, we anticipate
variations in parasitism and the consequent control and management strategies will be
different between buffalo and other ruminant species. Tailoring parasite control in water
buffalo to minimise their impacts as much as possible will increase animal health and on-farm
production.
This report describes the current state of gastrointestinal parasitism on water buffalo farms,
detailing current farm practices, demographics of water buffalo populations and the effects
these factors have on gastrointestinal prevalence. The molecular characteristics of
gastrointestinal nematodes have been investigated, and the phylogeny of isolated of
identified species has also been described.
It provides Australian buffalo farmers with data detailing gastrointestinal prevalence in water
buffalo from farms in Australia. It also, discusses the potential impact of parasitism in water
buffalo on farms in Australia and recommends several practices that could be incorporated
into water buffalo farming to increase animal welfare and reduce economic loss.
This report for the Buffalo program is an addition to AgriFutures Australia’s diverse range of
over 2000 research publications. The AgriFutures™ Buffalo Program forms part of our
growing profitability arena, which aims to enhance the profitability and sustainability of our
levied rural industries.
Most of AgriFutures Australia’s publications are available for viewing, free downloading or
purchasing online at www.agrifutures.com.au.

John Smith
General Manager, Research
AgriFutures Australia
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Executive Summary
Gastrointestinal parasitism causes significant production losses to ruminant livestock
enterprises in Australia; however, there is very little known about the effects of parasitism on
water buffalo. This project arises from the need for extension material relating to animal
health on water buffalo farms.
This report details gastrointestinal nematode prevalence on water buffalo farms in Australia,
on-farm management practices that may affect the prevalence of gastrointestinal nematode,
and molecular characterisation of parasites retrieved from water buffalo. This data is of
importance as there is little in the literature describing parasitism in Australian water buffalo.
In other ruminant livestock species, parasitism has a significant impact on animal health and
farm production and we anticipate the same is true of water buffalo.
Water buffalo producers are located in all states of Australia. This report will be of benefit to
water buffalo producers in areas where gastrointestinal nematode infection is common in
ruminant livestock species, particularly the southeastern states of Australia.

Aims/objectives
The principal aim of this project is to:






Identify intestinal parasite species infecting Australian buffaloes using advanced
morphological and molecular tools, and to also estimate the prevalence of these
parasites in Australian buffalo herds.
Optimise molecular tools for the identification of parasites hosted by buffalo.
Assess practices (risk factors) that affect the prevalence of parasite positive buffalo in
extensive grazing operations of northern and southern Australia.
Compare and contrast parasite host/species relationships in buffalo and other
common ruminant species.
On completion, an updated best practice guideline will be developed for integrated
parasite control in Australian buffalo operations.

Methods used
1.
2.
3.
4.
5.
6.

Farmer surveys (electronic and paper)
On-farm faecal collections
Faecal egg counts
Larval cultures
Extraction and amplification of DNA to identify specimens
Phylogenetic and statistical analyses

Results/key findings
This is the first study in Australia to investigate gastrointestinal nematode prevalence on
water buffalo farms. Using morphological (Faecal egg counts and Third Larval Stage (L3)
Morphometrics) and molecular methods such as polymerase chain reactions (PCR), this
study has identified parasite species and prevalence infecting water buffalo in Australia. The
outcomes of this study concluded that water buffalo in Australia have a relatively low parasite
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burden when compared to other domestic ruminant species. Comparing the recovered
specimens with gastrointestinal nematodes of other common ruminants indicates that the
species infecting water buffalo in Australia may be different from those infecting cattle, sheep
and goats in Australia. Of note are the novel sequences amplified from L3 larvae collected on
farm during the prevalence survey.
Due the low level of parasitism observed on all water buffalo farms, in most circumstances
inputs either through using anthelmintics or increased labour (rotational grazing) is of low
value to production. Some exceptions to this were identified, where a focus on management
may increase animal health and long-term production, such as a focus on calf rearing and
environmental contamination. Water buffalo on farms in Australia appear to be resistant to
gastrointestinal nematode infections. The low parasite prevalence indicated by faecal egg
counts, and high body condition scores, suggest that the health and production of most water
buffalo on farms in Australia are not negatively affected by gastrointestinal nematodes.
However, in some instances, a focus on gastrointestinal nematode control may be beneficial
to a farmer. Young livestock had higher infections than older animals, and some exhibited
clinical signs of parasite infection such as ill-thrift, diarrhoea, and poor coat condition. The
mitigation of parasite infection in young livestock may prevent mortality and lead to increased
performance in the long term.

Implications for relevant stakeholders
This project has produced new data detailing parasitism of water buffalo in Australia, good
management of livestock parasitism requires basic prevalence and worm burden data for the
development of control and management strategies. For the water buffalo industry in
Australia, the outcomes of this project detail specific management where input cost may not
be warranted.

Recommendations
The findings of this report have highlighted some areas where on-farm management may
reduce gastrointestinal nematode infections. These findings can be used to develop
extension material for use by water buffalo farmers in Australia.

x

Introduction
Gastrointestinal parasitism causes significant production losses to ruminant livestock
enterprises in Australia (McLeod, 1995; Sackett et al., 2006). These enterprises consist
predominantly of sheep and cattle; however, the farming of novel ruminant species such as
buffalo, camel and alpaca, for fibre, milk and meat, has recently increased in Australia. Water
buffalo are farmed primarily for milk which is then used in the production of high-value
cheeses and gelato; there is also a secondary market for meat (McInnes, 2005). Ruminant
livestock production in Australia commonly utilise extensive farming systems where animals
graze on pastures in at least one stage of their productive life. In the sheep and cattle
industries of Australia, the control and management of gastrointestinal nematodes is
necessary to maintain the health of animals and profitability of the enterprise (McLeod, 1995;
Sackett et al., 2006). Gastrointestinal nematodes cost the sheep industry more than 430
million dollars per year (Lane, Jubb, Shepherd, Webb-Ware, & Fordyce, 2015). This figure
represents the highest single animal health cost to the Australian sheep industry. In cattle,
the calculated annual cost of internal parasites in Australia is $93.6 million. The impact of GIT
parasites on the farming of novel ruminants (including water buffalo), is poorly understood.
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 buffalo, originating
from South-East Asia. The Northern settlements were disbanded in 1949, and the buffaloes
were released into the surrounding areas. Buffaloes soon became feral and endemic to the
floodplains of the Northern Territories. From this feral population of swamp-type buffalo,
animals were caught and re-domesticated for farming in 1980. Breeding herds and export
operations were established to take advantage of these new domesticated populations
(Department of Sustainability, 2011). Since the mid-1990’s genetic improvement has been
made to the Australian herd using imported semen and live animals from riverine-type
buffaloes. Originating from India and surrounds, these riverine buffalo are known for
increased growth rates and milk production compared to swamp-type buffaloes.
Domesticated buffaloes have disseminated from the Northern Territory to all other states of
Australia (Lemcke, 2017). Farming operations established on the East coast of Australia are
primarily for milk production, while those inland and on the West coast of Australia focus
mainly on meat production. In 2012, there were approximately 65 buffalo farms across
Australia with a combined estimated total of 12,000 buffaloes. Most milking buffalo in
Australia are located on eight buffalo dairy enterprises spread across Victoria (3), NSW (3)
and Queensland (2); however, smaller farms are now beginning to emerge on the east coast
(Williams & Pattinson, 2014). Current management of water buffaloes 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 buffalo in Australia. With physiological
differences between buffalo and cattle regarding ruminant digestion (Calabrò, Williams,
Piccolo, Infascelli, & Tamminga, 2004), immune response (Yang et al., 2012), and
metabolism, an investigation is warranted to confirm best practice management strategies
across a range of production areas to maximise farm profitability.
In the predominant cattle and sheep production sectors of Australia, GIT nematodes have a
significant impact on annual health and farm production and profitability. Because of this,
regular monitoring of nematode infection together with control and management strategies
are on-going on-farm to reduce the effects of gastrointestinal parasitism (Waller, 2006).
Despite this, each year farms continue to incur losses due to parasitism (Lane et al., 2015).
In extensive style farming operations such as those found in many parts of Australia, GIT
parasite management revolves primarily around controlling GIT parasite populations through
the application of anthelmintic chemicals at strategic times that are dependent on climate,
and on-farm practices such as calf marking. In more intensive operations, additional
management strategies are also utilised such as rotational grazing. There is a significant
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impact caused by GIT nematodes in other ruminant livestock species (alpaca, goats, sheep,
cattle) in Australia (Jabbar, Campbell, Charles, & Gasser, 2013; Lane et al., 2015; McLeod,
1995). It is assumed there may also be some levels of health and production impacts
(retarded growth, reduced production, and costs of purchasing veterinary health products)
associated with GIT parasites in water buffalo herds.
The management practices undertaken on water buffalo farms in Australia are not well
documented. Northern Territory Department of Primary Industries has published several fact
sheets (see https://nt.gov.au/industry/agriculture/livestock/buffalo). These fact sheets provide
some information on general management, but 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. Currently, anthelmintic chemicals used commonly for sheep
and cattle operations are not registered for use in water buffalo. Physical management of
herds such as rotational grazing is currently the only strategy for the control of GIT parasitism
in buffaloes. AgriFutures Australia has recently published an updated extension manual for
the management of water buffalo (Lemcke, 2017).
Current literature detailing buffalo management originates from countries such as Pakistan,
India, Italy and Brazil (Brasil et al., 2012; M. Raza et al., 2007; Sreedevi & Hafeez, 2014),
that have contrasting management practices to farms in Australia. The majority of farmed
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. Regarding parasite
prevalence, we anticipate differences in the number of infected animals and intensity of
infections between water buffalo in Australia and other countries due to the fundamental
differences between extensive and intensive operations. These differences, such as
intensive fodder feeding versus grazing, affect the likelihood of infective stages of the GIT
parasites being ingested. Although prevalence may vary between geographical locations,
literature derived from other countries (Brasil et al., 2012; M. Raza et al., 2007; Sreedevi &
Hafeez, 2014) has identified several gastrointestinal nematode species that commonly infect
water buffalo, such as Haemonchus spp., Teladorsagia circumcincta and Trichostrongylus
spp. (M. N. Khan, M. S. Sajid, M. K. Khan, Z. Iqbal, & A. Hussain, 2010). All of these
parasites are also endemic and common in Australia infecting mainly sheep and cattle. Many
of these parasites lack host specificity (Amarante, Bagnola, Amarante, & Barbosa, 1997;
Gordon, 1948). With sheep and cattle acting as potential reservoirs of infection, we
hypothesise that Australian buffalo may also become host to a variety of these parasitic
species that could have adverse health and productivity impacts.
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Objectives
The principal aim of this project is to:






Identify intestinal parasite species infecting Australian buffaloes using advanced
morphological and molecular tools, and to also estimate the prevalence of these
parasites in Australian buffalo herds.
Optimise molecular tools for the identification of parasites hosted by buffalo.
Assess practices (risk factors) that affect the prevalence of parasite positive buffalo in
extensive grazing operations of northern and southern Australia.
Compare and contrast parasite host/species relationships in buffalo and other
common ruminant species.
Determine the efficacy of common anthelmintics in buffaloes that have been
optimised for use in other ruminant species.

On completion, an updated best practice guideline will be developed for integrated parasite
control in Australian buffalo operations.
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Methodology
Prevalence of gastrointestinal nematodes in farmed water buffalo in
Australia
Ethics
Animal ethics approval and human ethics approval were both obtained from the Charels Sturt
University (CSU) animal and human experimentation ethics committees before the
commencement of this project.

Farm recruitment and sample locations
There are only a small number buffalo farms currently in Australia. Because of the small
number of farmers, where possible, all farms were sampled. To recruit buffalo farmers, an
advertisement to participate in a farm management and parasite prevalence survey was
circulated through state agricultural bodies and the Australian Buffalo Industry Council
(ABIC). The farms of willing respondents were selected for sampling based on their location,
and the logistics associated travel and the number of animals on the property. Farms were
commonly near the coast from Cairns, Queensland to Sale, Victoria. Some farms were in
inland areas (Figure 1).

Figure 1.

Geographical areas where farms that were sampled were located
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Collection of farm management practice data
Before visiting each farm to collect faecal samples, farmers were asked to complete a buffalo
management survey. The survey was designed to determine 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 buffaloes and
other animals. Surveys were disseminated to farmers either as a hard copy (by mail) or
electronically, as requested by each farmer.

Faecal sample collection
Faecal samples were collected from as many buffalo as possible on each of the selected
farms. Where buffalo were run in more than one group, as many animals as possible were
sampled from each group. In some instances, farmers asked that certain animals not be
sampled (typically young calves). There were no particular criteria associated with the water
buffalo selected for faecal collection. Buffalo of both sexes and all ages were selected for
sampling.
Buffalo were restrained, and faecal samples were collected per rectum. A sample size of
approximately 100 mL was collected, allowing adequate volumes for faecal egg counts and
larval culture. If we were unable to collect 100 mL the maximum amount of faeces possible
was collected. If the collection from a buffalo produced no faeces, the animal was not
included in the study. In some instances, where facilities did not allow for the safe collection
of faeces per rectum, fresh faeces was collected off the ground in a clean concrete yard
where a group of buffalo were penned. In cases where individual samples could not be
collected general information about the group of buffalo was collected. When unable to move
buffaloes into a yard, faeces was collected from the ground after the animal was observed
defecating.
The bagged samples were stored on ice in an insulated container. At the conclusion of each
day, the samples were transferred to the laboratory where they were stored refrigerated at 4
°C for up to three days until processed.

Data collected on individual buffalo information
Additional information (sex, body condition score, age, time since last calf and lactation) was
recorded for each buffalo that was sampled. In addition, farmers were also asked a range of
questions relevant to GIT nematode transmission and health impacts on their animals.
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 body condition
score. As soon as possible after being completed, data were entered into an Excel
spreadsheet and saved electronically.

Faecal egg counts
Faecal egg counts were undertaken using a modified McMaster technique (Cringoli, Rinaldi,
Veneziano, Capelli, & Scala, 2004). Seven millilitres of saturated sodium chloride solution
were added to a modified ten millilitres syringe. The syringe plunger was drawn back until the
meniscus reached the five millilitres graduation. Faeces were added to the modified syringe
until the displaced total volume of fluid reached ten millilitres. The syringe contents were
transferred to a 100 mL graduated cylinder. Fifty millilitres of saturated sodium chloride
solution was added to the measuring cylinder, to a total volume of 60 mL. The faecal mixture
was then mixed thoroughly using a brass plunger to break up the faeces and evenly suspend
the faeces. After mixing, a 1000 µm mesh sieve was inserted into the cylinder to separate
faecal debris from the fluid phase. One millilitre of the suspended faecal mixture was quickly
drawn from the measuring cylinder using a three millilitres transfer pipette before the eggs
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became concentrated at 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,
the egg counting slide and all eggs seen were counted. Slides were viewed using the 4x
objective lense and eggs were counted based on their morphological characteristics as
described by (Zajac & Conboy, 2012). The number of eggs per gram of faeces (EPG) was
calculated using the formula:
𝑆𝑙𝑖𝑑𝑒 𝐸𝑔𝑔 𝐶𝑜𝑢𝑛𝑡 ×

5𝑔
÷ 1 𝑚𝐿 = 𝐸𝑃𝐺
60 𝑚𝐿

This process identified infections when faecal samples had greater than approximately 12
parasite eggs per gram. All positive faecal samples were stored at 4 °C then cultured, within
four days of collection, to extract L3 larvae.

Larval culture
Larval cultures were prepared by mixing the remaining faeces with equal parts vermiculite (a
non-organic, heat-treated volcanic glass additive included to allow aeration of the faeces). A
small volume of water was added to the mixture until the desired consistency was achieved
(moist, but not saturated). The mixture should be able to hold together and still retaining air
pockets. The culture mixture was transferred to a screw-capped jar, and the lid loosely
screwed on to minimise evaporation, but allow some airflow. The 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 appeared to be becoming
dry. After six days, the lids were removed, and 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 in the Petri dish. After
24 hours, the water in the Petri dish was transferred into a watch glass, and larvae were
individually placed into < 80% ethanol to fix and preserve DNA for future molecular
identification. The plastic Petri dish was then refilled. The process was repeated twice daily
until no larvae were recovered from the Petri dish.

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, 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. Eggs of Moniezia, Trichuris, Capillaria, Nematodirus,
Toxocara and Strongyloides have distinct morphology and can be easily identified.
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Molecular Identification of gastrointestinal nematodes originating
from water buffalo in Australia
DNA Isolation
Genomic DNA was isolated from L3 larvae cultured from infected water buffalo faeces using
a commercial kit (QIamp DNA mini kit, Qiagen, Hilden, Germany), according to the
manufacturer’s instructions, with the following modifications. One L3 larvae was digested
using proteinase K (20 µl) and ATL buffer (90 µl) for four hours, agitating every hour. DNA
was eluted in 60 µl of AE buffer and stored at -20ºC.

Initial polymerase chain reaction
In the first instance, target DNA was amplified through PCR using primers described by
Gasser et al. (1993), NC1 (ACG TCT GGT TCA GGG TTG TT) and NC2(TTA GTT TCT TTT
CCT CCG CT). The amplification reaction mixture (25 µl) was prepared using of 17.25 µl
nuclease free water (Promega, USA), 2.5 µl 5X Gotaq Green Buffer, 2.5 µl MgCL2 (25mM), 1
µl dNTP, 0.5 µl forward primer (10pM), 0.5 µl reverse primer (10pM), 0.25 µl GoTaq Flexi
Polymerase (Promega, USA), and 1 µl of template DNA (25 ng/µl). PCR was conducted
using a thermocycler with the cycling conditions: initial 94C/5', then 94C/30",
56C/30",72C/30" x 35 cycles, and final elongation 72C/5'.
PCR products were detected on 1% agarose gels following electrophoresis of 2 µl of the 50
µl sample. PCR amplified fragments were purified from the PCR reaction using a commercial
kit, according to the manufacturer’s instructions (Wizard genomic DNA purification kit,
Qiagen, Hilden, Germany). Purified DNA was eluted with 25 µl of nuclease-free water.
Purified PCR products were prepared for sequencing as recommended by the Australian
Genome Research Facility (AGRF). Forward (NC1) and reverse (NC2) mixtures were
prepared for sequencing and consisted of consisted of 6-12 ng of DNA template, 10 pmol of
sequencing primer (Gasser, Chilton, Hoste, & Beveridge, 1993), and nuclease-free water to a
total volume of 12 µl.

Sequence Identification
Sequences were prepared for identification by removing discrepancies from both 5’ and 3’
ends, if necessary. Sequences were compared to sequences stored in GenBank (Clark,
Karsch-Mizrachi, Lipman, Ostell, & Sayers, 2016). The program BLASTn revealed sequence
similarities (Altschul, Gish, Miller, Myers, & Lipman, 1990). The species of nematode was
inferred from this comparison.

Polymerase chain reaction optimisation
After the successful amplification and sequencing of gastrointestinal nematode samples from
water buffalo, the protocols were optimised by modifying the amplification reaction mixture,
and by altering the conditions of the thermocycler. PCR was repeated on a subset of
samples and was deemed successful when all samples successfully amplified, with strong
bands of approximately 200-300 base pairs and showing no amplification of unwanted DNA.

Phylogeny
The program BLASTn was used to identify samples in GenBank with similar sequences to
those isolated in this study. Sequences were imported into the Molecular Evolutionary
Genetics Analysis tool version 7.0 (MEGA7) and aligned using ‘muscle’ Sequences were
trimmed at both the 5’ and 3’ to prepare a data set of sequences homologous to isolates from
this study (250-290 bp)(Kumar, Stecher, & Tamura, 2016). Additional alterations to sequence
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alignments were made manually where necessary. A neighbor-joining phylogenetic tree was
constructed using MEGA7. Phylogeny was tested using the bootstrap method with 10,000
replicates.

Results
Prevalence of gastrointestinal nematodes in farmed water buffalo in
Australia
Farm structure
Ten farmers responded to the survey either electronically or via post. All farms utilised an
extensive method of farming where grazing was the primary source of feed for buffalo.
Concentrate or conserved fodder feed (either, hay, grain, or molasses) was offered to dairy
buffalo during milking. Most farms only owned buffalo; however, one farm also managed
sheep and cattle within 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 a laneway. Farms managed
between 7 and 600 buffalo. Two farms managed water buffalo across two properties. Farm
location ranged from South-Eastern Victoria to Northern Qld, with most sampled farms
located in coastal areas (Figure 1). Rainfall varied between 300 mm and 2700 mm per year.
All farms surveyed shared boundary fences with farms that also ran ruminant livestock
species (sheep, cattle, or goats). On 33.3% of farms buffalo have direct access to
waterways, on 33.3% of farms water buffalo had access to water via troughs, and on 11.1%
of farms, buffalo have access to water via dams. Dams either collected run-off water or were
parts of creek systems.

Farm Management
Grazing
Ninety percent of farms practiced rotational grazing. Of the surveyed farms, 33.3% spelled
their paddocks for somewhere between four and six weeks, 22.2% spelled their paddocks for
less than two weeks, and 11.1% spelled their paddocks for greater than eight weeks. Sixtyseven percent of farms rotated all livestock on-farm through communal paddocks, while
33.3% of farms segregated buffalo into groups based on age, production status and sex.
Parasiticides
Seventy-eight percent of farmers used parasiticides as a management tool, and 22% of
farmer did not. Thirty-three percent of farmers used parasiticide on their animals more than
once per year, 22% of farmers used parasiticide less than once per year, 23% others used
parasiticides in a number of situations such as in young animals, in newly purchased
animals, or as deemed necessary by the farmer based on their assessment of the condition
of the animals. All farms using parasiticides selected products that targeted gastrointestinal
nematodes (macrocyclic lactones), but not trematodes such as liver fluke (Fasciola hepatica).
On 66.7% of farms, animals are not weighed before parasiticide applications. Veterinarians
had been consulted on 62.5% of farms regarding parasites, and 55.6% of farms had
previously had animals screened for parasites. During parasite diagnostics, strongyle-type
nematodes, buffalo lice (Haematopinus tuberculatus) and Toxoacara vitulorum have been
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identified. When asked if parasites were a problem on their farm, 66.7% of farmers
disagreed, 22.2% of farmers agreed, and 11.1% were unsure.

Faecal survey
A total of 321 buffalo from eight farms were examined during the study. In 5 % of samples,
gastrointestinal nematode eggs were present. Data on gastrointestinal nematode species
eggs recovered from buffalo faeces are presented in (Table 1) and (Figure 2). Toxocara
vitulorum was observed in two faecal samples from the same property during the faecal egg
counts. Also, patent adult T. vitulorum were also collected from faeces of the infected
buffaloes. Most eggs observed were strongyle-type eggs, accounting for 75.8% of all
infections identified (Figure 3). Eggs of Moniezia sp. were identified in three samples
(0.93%). Protozoan species Coccidia spp. was also observed at low levels (0.62 %) (Table
1).
Table 1.

Figure 2.

Parasite species identified using faecal egg floatation

Identified

Count

Prevalence (n=321)

Negative

292

90.97

Strongyle-type

22

6.85

Moniezia spp.

3

0.93

Coccidia spp.

2

0.62

Toxocara vitulorum

2

0.62

Prevalence of parasite infection in faecal samples obtained from water buffalo
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Figure 3.

The proportion of species identified in parasite positive samples

In positive faecal samples containing strongyle-type eggs, the number of eggs per gram were
low, with most samples having approximately twelve eggs per gram (Figure 4). The
frequency of heavy burdens was low with no sample scoring greater than one hundred eggs
per gram. The highest number of eggs per gram observed was 96. The eggs per gram
scores of samples from animals infected with T. vitulorum were 348 eggs per gram and 432
eggs per gram.
Figure 4.

Frequency of eggs per gram scores from strongyle-type positive samples
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The age of a buffalo seems to affect the prevalence of GIT nematode infections (Figure 5).
Buffalo aged between 6 and 12 months were the most commonly infected. As age increased,
the observed prevalence was reduced. In animals over three years of age, GIT nematode
eggs were recovered from only four out of 152 animals. The oldest buffalo sampled was
estimated to be 20 years of age and was not infected by GIT nematodes.

Figure 5.

Parasite prevalence in water buffalo by age
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There was no discernible variation in prevalence observed between farms (Figure 6). Farm
three recorded the highest prevalence (24%); however, this farm also had a high number of
young animals (Figure 7). Farm 5 recorded the lowest prevalence but also had more cows
over three years old.

Figure 6.

Parasite prevalence in water buffalo by farm

Figure 7.

Parasite prevalence in water buffalo by farm
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Molecular Identification of gastrointestinal nematodes originating
from water buffalo in Australia
Species identification
Thirty samples were selected for molecular identification based on morphological type. Two
distinct sequences (“A” and “B”) were identified; however, no 100% match in the GenBank
database was identified. Sequence A’s closest match was Libyostrongylus douglassii (89%),
and Sequence B’s was most closely matched to Spiculopteragia houdemeri (97%) (Figure 8
& Figure 9). When queried against samples from common ruminants in Australia, no sample
matches were identified.
Figure 8.

Blast alignment of Sequence A with Libyostrongylus environmental sample clone
CEgs1320 18S ribosomal RNA gene (JX159807.1)

Seq A

1

Sbjct

56

Seq A

59

Sbjct

116

Seq A

119

Sbjct

173

Seq A

179

Sbjct

231

Seq A

239

Sbjct

291

Figure 9.

CTGTTTGTCGAATGGTGTTTGTC-CT-TAACTGTGACAATTTCCATTTCAGTCGAAGAAC
||||||| ||||||| |||||| || | | |||||| ||| |||||||||| |||||
CTGTTTGCCGAATGGAATTTGTCTCTATTATTGTGACTATTACCATTTCAGTTCAAGAAT

58
115

AATACATGCAACATGTCATTAATATTGTTACAATGATGTTAATGTTCCTGAATGATATGA
||||||||||||||| |||||||| | | || || ||||||||||||||||||||||||
AATACATGCAACATGACATTAATACT-AT-CATTG-TGTTAATGTTCCTGAATGATATGA

118

TTGTGTATTATCACTGTTTAAATGTACTCAGTGAATTTGAGATTGATTTGAACAGGGACA
|||||| |||||||||||||||||||||||||||||||||||||||||||||||||
--ATGTATTGCCACTGTTTAAATGTACTCAGTGAATTTGAGATTGATTTGAACAGGGACA

178

TGTATGAGAAACACATTCGAATATCATTTGTATTGCAACCTGAGCTCAGGCGTGATTACC
||||||| || | ||||| |||||||||||||||||||||||||||||||||||||||
TGTATGACAATAATGTTCGATTATCATTTGTATTGCAACCTGAGCTCAGGCGTGATTACC

238

CGCTGAACTTAAGCATATCATTTAGCGGAGGAAAAGAAACTAA
|||||||||||||||||||||||||||||||||||||||||||
CGCTGAACTTAAGCATATCATTTAGCGGAGGAAAAGAAACTAA

172

230

290

281
333

Blast alignment of Sequence B with Spiculopteragia houdemeri genes for SSU rRNA,
ITS1, 5.8S rRNA, ITS2, LSU rRNA (AB682702.1)

Seq B

1

Sbjct

1032

Seq B

61

Sbjct

1092

Seq B

121

Sbjct

1152

Seq B

181

Sbjct

1212

Seq B

240

Sbjct

1272

CTGTTTGTCGAATGGTACTTGTCCTTTATTGTGACGATTCCCATTTCAGTTTAAGAATAA
|||||||||||||||||||||||||| |||||||| ||||||||||||||| ||||||||
CTGTTTGTCGAATGGTACTTGTCCTTCATTGTGACAATTCCCATTTCAGTTCAAGAATAA

60

CATATGCAACATAACGTTANCGTTGTCATGACGTTCTAACGTTCCTGAATGATTTGAACA
||||||||||||||||||| ||||||||||||||||||||||||||||||||||||||||
CATATGCAACATAACGTTAACGTTGTCATGACGTTCTAACGTTCCTGAATGATTTGAACA

120

TGTTGTCACTGTTTAAATGTACTCAGTGAATTTGAGATTGATTTAAACGGGGACATGTAC
|||||||||||||||||||||||||||||||||||||||||||||||||||||| ||||
TGTTGTCACTGTTTAAATGTACTCAGTGAATTTGAGATTGATTTAAACGGGGACTTGTAT

180

GACAATAA-TGTTCATGTATCATTTGTATTGCAACCTGAGCTCAGGCGTGATTACCCGCT
|||||| | ||||||| |||||||||||||||||||||||||||||||||||||||||||
GACAATCATTGTTCATATATCATTTGTATTGCAACCTGAGCTCAGGCGTGATTACCCGCT

239

GAACTTAAGCATATCATTT
|||||||||||||||||||
GAACTTAAGCATATCATTT

1091

1151

1211

1271

258
1290

Phylogenetic trees interrogating the most closely related sequences in the GenBank
repository were produced. The evolutionary history was inferred by using the Maximum
Likelihood method based on the Tamura-Nei model (Tamura & Nei, 1993). The trees with the
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highest log likelihoods are shown for Sequence A (-769.74) and for Sequence B (-645.44)
(Figure 8 & Figure 9) . The percentage of trees in which the associated taxa clustered
together is shown next to the branches. Initial tree(s) for the heuristic search were obtained
automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise
distances estimated using the Maximum Composite Likelihood (MCL) approach, and then
selecting the topology with superior log likelihood value. The tree is drawn to scale, with
branch lengths measured in the number of substitutions per site. The analysis involved 15
and 19 nucleotide sequences respectively. All positions containing gaps and missing data
were eliminated. There were a total of 183 and 185 positions in the final datasets.
Evolutionary analyses were conducted in MEGA7 (Kumar et al., 2016).
Sequence A produced a clade with Libyostrongylus sp with a bootstrapping value of 80;
however, this clade also had the highest rate of nucleotide substitutions per site. From this
analysis, parasites of economic significance in Australia including Trichostrongylus spp. were
less similar to Sequence B than Libyostrongylus sp. (Figure 10). Sequence B was clade
(bootstrap value of 87) with eight Spiculoptertagia spp., having eight nucleotide substitutions
over 280 positions in the Basic Local Alignment Search Tool (BLAST) query. Sequence B
was less similar to Ostertagia sp. and Trichostrongylus spp. isolates (Figure 11). In both
instances, Haemonchus contrortus was added as a rooting sample due to its distance from
both Sequence A and Sequence B.
Figure 10.

Maximum likelihood tree comparing Sequence A to its most similar sequences
identified using NCBI BLAST. Isolate prefixed by NCBI accession numbers
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Figure 11.

Maximum likelihood tree comparing Sequence B to its most similar sequences
identified using NCBI BLAST. Isolates are prefixed by NCBI accession numbers

Gastrointestinal nematode species isolated from ruminants in Australia
The sequences of gastrointestinal nematodes from common ruminants in Australia were
sourced from GenBank using the below search criteria:
("Nematoda"[Organism] OR "Nematoda"[All Fields]) AND "Australia"[All Fields] AND ("ITS2"[All Fields] OR "ITS2"[All Fields] OR "internal transcribed spacer 2"[All Fields]) AND (("Bos
taurus"[Organism] OR "cattle"[All Fields]) OR ("Ovis aries"[Organism] OR "sheep"[All Fields])
OR ("Capra hircus"[Organism] OR "goat"[All Fields]) OR ("Vicugna pacos"[Organism] OR
"alpaca"[All Fields])).
Twenty samples were identified; however, not all samples originated from livestock in
Australia. Any that originated from other countries were removed. Sequences were aligned
and trimmed, to fit Sequence A and B using MEGA7. The evolutionary history was inferred
by using the Maximum Likelihood method based on the Tamura-Nei model as described
above. The tree with the highest log likelihood (-1124.05) is shown (Figure 12). There were a
total of 162 positions in the final dataset. Evolutionary analyses were conducted in MEGA7.
From this analysis, Figure 12 indicates that the sequences isolated from water buffalo are not
very similar to any isolates from Australia currently stored in GenBank. Sequences A or B
were more similar to Cooperia spp. and Bunostomum spp. isolates than Teladorsagia sp.,
Ostertagia spp. and Cooperia spp. isolates. Haemonchus spp. was identified as the most
distant from Sequences A and B. Clades containing Sequences A and B had low
bootstrapping values, indicating a low likelihood of distinction.
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Figure 12.

Maximum likelihood tree comparing Sequence A and B to nematode species from
ruminants in Australia, rooted to trematode species Fasciola hepatica. Isolate prefixed
by NCBI accession numbers
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Discussion & Implications
Farm management and prevalence of gastrointestinal nematodes
Prior to the commencement of this survey, there were few data available detailing GIT
nematode prevalence in farmed water buffaloes in Australia. This study is the first to describe
the prevalence of GIT nematodes across several buffalo cohorts, and several climatic
regions. Overall, parasite prevalence was low at 5%. This rate is lower than the prevalence of
GIT nematodes in water buffaloes farmed in other countries. In Pakistan prevalence has
been reported between 50% - 85% (Anwar, 1996; Bhutto, Phullan, Rind, & Soomro, 2002;
Bilal, Hameed, & Ahmad, 2009; Khalil ur, Javed, Tunio, & Kuthu, 2009; M. Khan, M. Sajid, M.
Khan, Z. Iqbal, & A. Hussain, 2010; Rafiullah, Sajid, Shah, Ahmad, & Shahid, 2011;
Muhammad Raza et al., 2012; M. Raza et al., 2007), with our own work in Pakistan recording
a prevalence of 35% using faecal egg counts, in India a prevalence of 75% has been
reported (Jyoti, Singh, & Juyal, 2014). Farming practices in these countries differ from
Australia, being mostly intensive, cut-and-carry operations. In theory, this style of operation
uses several management practices that prohibit the continuation of gastrointestinal
nematode lifecycles such as the regular removal of faeces (Unpublished data). Because of
this, we expect the prevalence of gastrointestinal nematodes to be lower in countries that use
intensive-style farming; however, this was not observed. In Brazil, a prevalence of 40% has
been reported. The farming practices undertaken in Brazil vary between extensive and
intensive operations. These operations are more aligned with practices undertaken in
Australia; however, there is a difference between the prevalence in Brazil, and the
prevalence observed in Australia. Southern Brazil (where the study reported from), also
experiences similar climatic conditions to the east coast of Australia.
The low prevalence observed in Australia when compared to other buffalo farming countries
was not anticipated. Most buffalo farming countries are considered developing, particularly
Pakistan and India which have the largest dairy buffalo populations.
Australian buffalo farmers come from two distinct backgrounds. One group of buffalo farmers,
come from a ruminant livestock background, while the other group of buffalo farms come
from a non-ruminant livestock background. No differences were observed between these two
groups in their management practices or the GIT nematode prevalence observed.
The health status of buffaloes in Australia is higher than the health status in Pakistan
influenced mainly because buffalo in Australia are better fed, have constant access to water,
and are not exposed to the same temperature extremes. Eighty percent of buffaloes in
Australia were body condition score four or higher (fat, or over-fat), compared to less than
one percent of buffaloes examined in Pakistan (Unpublished data).

The association between buffalo cohort and gastrointestinal nematode
prevalence
Grouping animals into specific cohorts helps to better describe the relationship between a
parasite and host in a particular system. This information helps in on-farm decision making
and the development of parasite control programs. In this study, the greatest variation in
prevalence was observed between age groups. Young animals (0 - 2 years old) had the
highest rate of GIT nematode infection, while older animals had low rates of infection. This is
indicative of a progressive development of immunity to GIT nematodes, similar to that of
cattle. There were no differences observed between sex, or production status (milking, or not
milking). In Pakistan, we observed significant differences between sex. This was due mostly
to the value of male animals in Pakistan’s market being low and therefore receiving a lower
level of care. In Australia, the value of male buffalo is higher. Many farms direct market their
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own buffalo meat, giving a greater incentive to maintain good growth in both female and male
calves.

The effect of farm location on gastrointestinal nematode prevalence
The low prevalence rate of GIT nematodes and a small number of farms made identifying
differences in GIT prevalence between farms using statistical analyses difficult. We
anticipated a difference based on the climatic regions in which a farm is located would affect
total prevalence; however, all farms exhibited similar, low rates of infection regardless of
location. In sheep and cattle, different climatic regions have distinct impacts on parasite
infection due to seasonal variation in rainfall. The morbidity and mortality of free-living larval
stages during the year vary differently by geographical locations. Therefore, seasonal
variation should also occur in buffaloes. The exception was farmed in Victoria, where no
farms (3) recorded any infections. These farms contained primarily senior animals (older than
two years). In all senior animals sampled, very low GIT nematode prevalence was recorded.

On-farm management practices and their effects on gastrointestinal nematode
prevalence
The management of buffalo in Australia is different to other major buffalo milk producing
countries. All livestock are farmed in extensive systems. These extensive systems increase
the likelihood that GIT nematodes complete their lifecycle by increasing the chance of
ingesting infective-stage larvae through grazing pasture (Roeber, Jex, & Gasser, 2013). The
primary practice for the control of GIT parasites in other ruminant species is the application of
anthelmintic chemicals (Waller, 2006). In Australia, the use of these drugs is not permitted in
buffaloes as no commercial products have been registered for use in water buffaloes. The
legal use of products not registered for buffaloes requires an off-label recommendation from
a veterinarian. In addition to being off-label, dose rates recommended for cattle are often not
effective in buffaloes due to differing metabolic pathways (Sanyal, 1997; Sanyal & Gupta,
1996, 1998; Singh, Chauhan, Agrawal, & Shanker, 2007). This results in potential
underdosing of animals, increasing the risk of anthelmintic resistance. Survey results
indicated three modes of anthelmintic use on buffalo farms in Australia. Farmers either used
no anthelmintics, used anthelmintics as deemed necessary (either at strategic times or when
livestock looked poor), or used anthelmintics at regular intervals. The prevalence of GIT
nematodes did not vary between “no anthelmintic use” and “as necessary anthelmintic use”.
Farmers who applied anthelmintics as necessary, tended to drench young livestock. This
strategy may decrease the GIT nematode prevalence; however, this was not observed in our
sampling. Repeated sampling of buffaloes may identify a difference that was not observed at
a single point sampling. Only one farm surveyed applied anthelmintics at a regular interval.
No GIT nematode infections were observed on this farm. Given the low GIT nematode
prevalence across all farms, regardless of anthelmintic application, the value of using
anthelmintics may be low or unnecessary. Physical management practices (such as
rotational grazing) that may reduce the likelihood of parasite infections was low; however,
given the low prevalence of parasites, the increased labour cost associated with
implementing physical management strategies may not be necessary.

The nutritional status and health status of a buffalo on gastrointestinal
nematode prevalence
Nutrition, and the condition of an animal can have a major impact on the resistance and
resilience of ruminant species to GIT nematodes (Coop & Kyriazakis, 2001). The median
Body Condition Score (BCS), adopted from cattle, observed in buffaloes in Australia was
BCS-5 indicating an over-fat animal with possibly too much condition. In animals with lower
body condition scores, GIT nematode prevalence was still low. This indicated nutritional
intervention is currently unnecessary given the very good condition of the Australian buffalo
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herd. In comparison to Pakistan, animals in Australia were in better condition overall. In the
event of nutritional stress due to drought or overstocking, the impact of parasites may be
more prevalent as the nutritional status of an animal decreases, together with the likely
associated negative effects on the immune system of the malnourished animal. During these
periods intervention with parasiticide may be of value. Farmers surveyed in Australia
indicated no significant causes of stress on the livestock that affect the health status of an
animal. No disease, or climatic extremes were noted as present on any of the farms in
Australia.

On-farm management
Water buffaloes in Australia have low levels of gastrointestinal nematode infection. If the
management of buffalo herds is compared to the management to other ruminant species in
Australia, we would expect to see higher rates of gastrointestinal prevalence. In many buffalo
operations, the concept of parasite control is not yet embraced. One difficulty is the lack of
information allowing for educated decisions regarding control. On sheep and cattle farms in
Australia, the most common method of parasite control is the application of anthelmintics.
Products commonly used on sheep and cattle are not registered for use in buffaloes in
Australia. Without chemical application, physical management such as rotational grazing and
spelling of paddocks are the only practical option available to control GIT nematode
transmission. These management practices may not be useful in the control of all GIT
nematode species. For example, eggs of T. vitulorum have been reported to remain infective
for up to 17 months given the correct environmental conditions (Roberts, 1989). On the farms
surveyed, the implementation of management specific to reducing GIT nematode
transmission was low. Despite few control measures in place, the prevalence of
gastrointestinal nematodes is still low. We anticipated that in extensive grazing systems, with
little intervention regarding GIT control, parasite prevalence would be high. This was not
observed on water buffalo farms in Australia and may indicate that well-fed water buffalo with
access to adequate water and shelter from the extremes of weather have a greater
resistance to GIT nematodes compared to other ruminant species such as sheep or cattle.

The innate resilience of buffalo to GIT nematodes compared to other livestock
species
The selection of animals for milk-producing qualities has not been as rigorous in buffalo as it
has been in cattle. As a result, milk production is lower in buffaloes than in dairy cattle, and
the energy requirement of a dairy buffalo during lactation are not as high for as a cow. This
may positively affect the resilience of buffalo to resist GIT nematode infection during their
productive life and increases the buffalo’s ability to endure in extreme climates.

Baseline genetics contributing to greater resistance to GIT nematodes compared
to other countries
Studies from countries in Pakistan, India, Italy, and Brazil observed higher prevalence of GIT
nematodes in comparison to water buffalo in Australia (Bhutto et al., 2002; Brasil et al., 2012;
Jyoti, Singh, & Juyal, 2014). One reason this may occur is due to the nucleus stock used in
these other countries. Australia’s initial breeding stock was sourced South-East Asia from
buffalo commonly refered to as “swamp-type”. Milking buffaloes in Pakistan, India, and Italy
are classed as “riverine-type” and produce more milk, but less meat. Genetic improvement
has seen the importation of “riverine-type” buffalo to Australia; however, the majority of the
herd still retains some “swamp-type” characteristics. These animals produce small amounts
of milk, but more meat than riverine types. The stress of lactation therefore has less impact
on Australian buffaloes (due to the origins of the nucleus herd) compared to buffaloes in
other countries. With increased genetic improvement from the continued importation of
semen from Italy, the milk production of these animals will increase. Stress from increased
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milk production may impact resistance to GIT nematodes; however, at this time, there are no
data to support this hypothesis.

Are the selected diagnostic tests relevant
This study used a faecal floatation method to diagnose GIT nematode infection in Australian
buffalo. This method has a low sensitivity and, in this study, will only identify infections where
faeces contains more than twelve eggs-per-gram. Other diagnostic methods are available
and may be valuable for identifying GIT nematode prevalence in buffalo in Australia.
Multiplex PCR methods have been shown to work in other ruminant species, with greater
sensitivity than faecal flotation methods (Zarlenga, Barry Chute, Gasbarre, & Boyd, 2001).
These techniques may contribute to the literature, describing low-level infections; however,
the value of this information to producers, describing low level infections, would likely have
minimal effect on production, and any intervention to control these infections would not be
cost-effective.

The value of GIT nematode control on Australian buffalo farms
Given the low number of buffaloes in Australia with GIT nematode infections and the low
intensity of infections, the value of intervention may be lower than the cost of management
inputs. Research into the impact of low-level infections in buffaloes should be undertaken to
determine a point where intervention is of value. Given the current prevalence and intensity
of GIT nematode infections in buffaloes in Australia, and the average body condition score is
very high, at this point, intervention would likely not result in increased profit. Where
intervention would be most valuable is in calf rearing situations. On several farms, young,
weaned calves were penned in a communal area, these calves in pens had the greatest
prevalence of GIT nematode infection. Weaning is a high stress time for calves and may
reduce the immune response of calves, increasing their susceptibility to GIT nematode
infection. Managing weaning and calf rearing practices may be of value in reducing early
morbidity. In the case of Toxocara vitulorum, where reports of mortality have been reported in
overseas operations, the management of calves may be of high economic value, especially
in the case of replacement heifers.

Molecular identification
The sequences amplified from gastrointestinal nematodes of water buffalo farmed in
Australia indicate the possibility of, firstly, the identification of a gastrointestinal species not
previously reported in Australia and, secondly, the identification of a possible novel species.
No sequences hosted by GenBank were identified as being identical to either Sequence A or
Sequence B. These sequences did not align with any specimens recovered from other
ruminant hosts in Australia.
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Optimising PCR protocols for use on L3 larvae from water buffalo in Australia took
considerable time, with the protocol below representing the most successful set of PCR
parameters:
Primers

NC1 (ACG TCT GGT TCA GGG TTG TT)
NC2 (TTA GTT TCT TTT CCT CCG CT).

Amplicfication reaction mixture 17.25 µl nuclease free water (Promega, USA),
2.5 µl 5X Gotaq Green Buffer,
2.5 µl MgCL2 (25mM), 1 µl dNTP,
0.5 µl forward primer (10pM),
0.5 µl reverse primer (10pM),
0.25 µl GoTaq flexi polymerase (Promega, USA),
and 1 µl of template DNA (25 ng/µl).
Thermocyling protocol

Initial 94C/5',
Then 94C/30", 56C/30",72C/30" x 35 cycles,
With a final elongation 72C/5'.

Although these parameters were the most successful, not all samples were successfully
amplified. This may be the result of unique species, where the selected primers failed to
amplify the internal transcribed spacer region (ITS2). Morphological examination of eggs and
L3 larvae suggested larvae were typical “strongyle-type” nematodes such as
Trichostrongylys spp., Ostertagia sp., or Haemonchus spp.. The absence of refractile bodies
excluded Cooperia species. This also draws the possibility that morphological identification of
L3 larvae of strongyle type nematodes collected from ruminant livestock in Australia may be
inaccurate due to overlapping morphometry. A particular concern for sheep and cattle, where
the proportion of a particular species may dictate the parasite control decisions made.
With only eight nucleotide substitutions over 283 positions, it is likely Sequence B is closely
related to Spiculopteragia houdemeri. Either being a small number of mutations within the
species or a very closely related, distinct species. Spiculopteragia has predominantly been
identified in ungulates, but previous reports have identified Spiculopteragia in water buffalo.
Species of the genus Spiculopteragia been reported to infect domestic ruminant livestock
(Borgsteede, 1982; Suarez, Busetti, Fort, & Bedotti, 1991; Sultan et al., 2014); however, no
report has definitively identified this. Spiculopteragi houdemeri has been reported in Japan,
infecting sika deer (Cervus nippon) and Japanese serows (Capricornis crispus), and in
Austria, infecting sika deer. Few records detail the pathogenicity, host-specificity, fecundity,
or life-cycle of Spiculopteragia making the development of control strategies difficult for
ruminant livestock producers. The introduction of this species into domestic ruminant
livestock systems warrants further investigation. Sequence B was collected from a farm on
the Mid-North Coast of NSW, in a location that harbours nearby wild deer populations. The
specimens collected may be spillover from wildlife reservoirs. The infection may therefore not
be endemic on the property. Given the low prevalence of GIT nematode infection in water
buffalo sampled across all farms, this may be likely.
Sequence B was 89% similar to the nearest sequence identified by BLAST, Libyostrongylus
douglassi, an environmental sample obtained from gorilla faeces (Hamad et al., 2014).
Ostriches also host Libystongylus species (Barton & Seward, 1993). The gorrilla, ostrich, and
water buffalo all have significantly different gastrointestinal tracts, though all are
predominantly herbivorous. It is more likely that Sequence A is not Libystrongylus, but
another Trichostrongylidae species. If the sample isolated from water buffalo is a
Libyostrongylus species, Libyostrongylus douglassi has previously been reported in Australia
on ostrich farms. This is a possible pathway of transmission; however, no water buffalo farms
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share borders with ostrich farms. Libyostrongylus has a distinct knob at the tip of the larvae
tail and sheath tail at the L3 larval stage and may be used as a point of discrimination
between it and other strongyle-type nematode species.
The identification of distinct sequences in water buffalo in Australia brings the potential
problem that these species may become endemic in extensive ruminant livestock systems.
The low prevalence of parasites in water buffalo indicates this may not be of concern;
however, the susceptibility of water buffalo to gastrointestinal nematodes appears to be less
than for sheep or cattle. Endemic populations of these novel, gastrointestinal parasites may
increase their impact on farms in Australia. Deer, being ruminant wildlife that interact with
farms, pose a risk for perpetuating and spreading these novel strongyle-type nematodes. Not
being identified in sheep or cattle previously, the parasites identified in water buffalo may
have a higher host specificity than other gastrointestinal nematodes that commonly infect
multiple species. Another possibility is that most infections occur in deer with some spillover
to ruminant livestock, but not becoming endemic to livestock systems.
At the commencement of this study, we anticipated water buffalo would harbour the
strongyle-type nematode species that are common in other livestock ruminant livestock
systems, and at similar levels. This was found not to be the case with novel species being
identified instead. The effects these novel parasite species may have on water buffalo or
other ruminant livestock is unknown. The physiological parameters that contribute to the
impact of a parasitic species such as fecundity, pathogenicity, and life-cycle are poorly
understood in the species identified in this study. These parameters reveal information that is
necessary to assess the seriousness of infection. Strongyle-type nematode species have
varying levels of egg production. Trichostrongylus spp. have relatively low egg production
and, in cattle, a FEC of 50 EPG or greater may warrant intervention. In contrast,
Haemonchus spp. have higher egg production rates and intervention may only be required
when faecal egg counts of 250 EPG or greater are recorded. Also, the rate of free-living
larvae development and the rate of free-living larvae mortality on pasture dictate size of the
infecting larvae population in a pasture. This information is pertinent to management
surrounding rotational grazing such as estimating the length of time a paddock should be
spelled, and the length of time a pasture should be grazed.

Overall
This is the first study in Australia to investigate gastrointestinal nematode prevalence on
water buffalo farms. Using morphological (faecal egg counts and L3 morphometrics) and
molecular methods (PCR), this study has identified parasite species and prevalence infecting
water buffalo in Australia. The outcomes of this study concluded that water buffalo in
Australia have a low parasite burden when compared to other domestic ruminant species.
Morphologically, the species of gastrointestinal nematodes of water buffalo, appear to be
different. Of note are the novel sequences amplified from L3 larvae collected on farm during
the prevalence survey. These specimens either, fail to align with any sequences stored in
GenBank, or aligned with sequences of species not previously reported in Australia. The
ramifications of this are unknown. Novel parasites may be a threat to naïve ruminant hosts,
being more pathogenic and impacting on production. Given the overlapping morphometrics
of the L3 larvae, it is possible that these parasites are present in ruminant livestock systems
but have been previously misidentified. Also worthy of mention, Toxocara vitulorum was
identified in water buffalo calves. Toxocara vitulorum may cause significant morbidity and
mortality in water buffalo calves. Due to its lifecycle, fecundity and resilient eggs, T. vitulorum
is easily perpetuated through a system and can be difficult to remove.
Due the low level of parasitism observed on all water buffalo farms, intervention either
through capital input (anthelmintics) or increased labour (rotational grazing) is of low value.
There are; however, on-farm management practices where intervention may increase animal
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health and long-term production, such as calf management. Water buffalo on farms in
Australia appear to be extremely resilient to gastrointestinal nematode infections. The low
parasite prevalence indicated by the faecal egg survey, and the high body condition scores
recorded, suggest most water buffalo on farms in Australia are not negatively affected by
gastrointestinal nematodes in a manner that would impact animal health or production.
However, in some instances, a focus on gastrointestinal nematode control may be beneficial
to a farmer. Young livestock had higher infections, and some exhibited clinical signs of
parasite infection such as ill-thrift, diarrhoea, and poor coat condition. The mitigation of
parasite infection in young livestock may prevent mortality and lead to increased
performance in the long term. Common across most farms were calf rearing practices were
calves, weaned from the cow (or locked up between milkings) share a small feed pad. These
areas are not spelled increasing the risk of developing a significant population of free-living
larval stages of gastrointestinal nematodes. As the larval population increases, the risk of
infection also increases. Mitigating this either requires the application of anthelmintics,
reducing egg output into the environment, or spelling these small paddocks in a rotational
system, reducing the infective larval populations due to mortality.
In the case of Toxocara vitulorum infection is trans-mammary (calves being infected via milk)
and possibly also trans-placentally (calves being infected pre-parturition. This makes the
prevention of transmission difficult. After birth, calves may be removed from paddocks (to
reduce the risk of pasture contamination with eggs) and reared in pens that are easily
cleaned. Slatted floors in calf pens may further minimise the risk of calves ingesting eggs. It
is still important to ensure calves receive adequate volumes of consumption prior to isolating
from the herd. Infections of T. vitulorum in calves can also be easily control using
anthelmintics. As there are no anthelmintics registered for use in water buffalo, consultation
with a vet is required for any off-label use.
Due to the outcomes of objectives one through four, the determination of the efficacy of
common anthelmintics in buffaloes that have been optimised for use in other ruminant
species was not completed. With few exceptions, the current impact of gastrointestinal
nematodes on water buffalo farms in Australia does not appear to impact animal health, or
production. In addition to this, due to the low prevalence observed on all farms, we were
unable to find a study location, where an adequate number of water buffalo harboured
gastrointestinal nematode infections. These circumstances were unforeseeable at the
commencement of the project, but the outcomes leading to this are positive for buffalo
farmers in Australia.
The overall story emanating from this research is the apparent lack of effect that
gastrointestinal nematodes currently have on water buffalo health and production in
Australia. There is no pressing reason for producers to alter their current management
strategies, with some exceptions discussed above. There is no evident difference in health
and production when comparing buffalo farms that do routinely drench or sporadically, and
farms do not. There is a risk that with selective breeding for performance in buffalo,
susceptibility to parasitism may increase; however, like in cattle these changes would occur
over a multiple.
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Implications
This project has produced new data detailing parasitism of water buffalo in Australia, one of
the overall intentions for the project. The correct management of livestock parasitism requires
this information to begin to develop control and management strategies. For the water buffalo
industry in Australia, the outcomes of this project detail specific management where input
cost may not be warranted. The use of anthelmintics appears to have little effect on
production in most instances. Although regular monitoring of livestock is still recommended,
physical management strategies which are inherently less expensive than the repeated
application of anthelmintics.
The identification of novel parasite species warrants further investigation and may pose some
risk to farm production; however, given the health status of most water buffalo on the
sampled farms, this is unlikely. The host specificity of the identified parasites must may also
impact biosecurity due to the potential to infect sheep and cattle populations, which wild deer
acting as potential reservoirs for infection.
Due to the overall outcomes of this report the foreseeable implications to the water buffalo
industry are low. With the presented information, extension material has been produced to
better inform water-buffalo farmers of gastrointestinal nematodes on their farm. Using the
recommendations from the extension material, a water buffalo farmer may opt to reduce
anthelmintic applications, minimising veterinary costs (due to the requirements for off-label
chemical applications) and chemical costs.

Recommendations
This study is the first describing gastrointestinal nematode infection in water buffalo in
Australia. Because of this, the data produced in this research has a coarse resolution and
would benefit from a finer focus on a case by case basis to adequately describe the
mechanisms of gastrointestinal parasites on each buffalo farm. However, given the apparent
lack of impact observed on farms in Australia, further detailed investigation may be of little
value to water buffalo farmers. The findings of this report have highlighted some areas where
on-farm management may reduce gastrointestinal nematode infections.
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