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Abstract This study was completed to determine the prev-
alence and distribution of Toxocara vitulorum infection in
cattle and buffalo calves and investigate its clinical impact in
northern Lao PDR (Peoples Democratic Republic). The
results aim to assist decisions on disease control measures
that can contribute to increasing cattle and buffalo produc-
tivity within smallholder farming systems in tropical areas.
A prevalence survey for T. vitulorum in buffalo and cattle
calves aged <3 months was conducted between September
2009 and June 2010 in five provinces of northern Lao PDR
using a two-stage sampling technique to select 69 villages
and 899 calves, with faecal samples collected and examined
for T. vitulorum eggs at a local laboratory. At the time of
sampling, data on calf morbidity and anthelmintic treatment
was also collected. Factors potentially associated with in-
fection and severity of infection were analyzed at univari-
able and multivariable levels, using T. vitulorum status
(positive/negative) and on the positive calves only, faecal
egg count levels as outcome variables. The estimated prev-
alence of T. vitulorum in northern Lao was 22.6 % (95 %
confidence interval [CI], 0.17–0.28), and 76.8 % of villages
had at least one positive calf. Province was the only signif-
icant (p<0.05) variable investigated associated with calf
infection status. Species (buffalo) was the only variable
significantly (p<0.05) associated with higher egg per gram

of faeces levels among infected calves. Prevalence in calves
aged 1–21 days, the reported prepatent period, was 17.5 %
(CI 0.11–0.24). Treatment levels were very low (8.2 %) and
if treatment occurred it was mostly unsuccessful. The high
and wide spread infection of T. vitulorum in cattle and
buffalo calves identified in this survey is likely to result in
suboptimal cattle and buffalo productivity. Improved man-
agement of T. vitulorum infection in cattle and buffalo
calves in northern Lao PDR is indicated to reduce potential
negative production impacts and enable more efficient de-
velopment of large ruminant livestock industry as a pathway
from rural poverty for smallholder farmers in northern Lao
PDR. In addition to quantifying this disease problem in
calves, the conduct of this applied participatory research
study provided an important opportunity to improve animal
health services by increasing the parasite, large ruminant
handling and research knowledge and capacity of govern-
ment animal health staff and farmers.
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Introduction

Toxocara vitulorum is a pathogenic gastrointestinal nema-
tode of cattle and buffalo in tropical and subtropical regions,
and if not controlled, the prevalence can approach 100 %.
The parasite’s life cycle and epidemiology has been de-
scribed by Starke-Buzetti (2006) and Roberts (1993) and a
brief summary is provided here. Adult worms, located in the
duodenum of calves 3–12 weeks of age (patent period),
produce large numbers of eggs and adult cattle and buffalo
ingest infective eggs from the environment although the
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parasite does not mature in adult animals. T. vitulorum
larvae hatch, migrate through tissues and then persist in a
hypo-biotic state in female animals until late gestation when
they are reactivated, migrate to the mammary glands and are
excreted in the colostrum and milk for 7–8 days post par-
tum, infecting calves via the lactogenic route. Larvae in
tissues of female adult ruminants can survive several years
and have the potential to infect calves over 1–3 parturitions.
Ingested larvae mature in the calf within 20–25 days (pre-
patent period) and calves older than 8 weeks have rapidly
declining faecal toxocara egg output, most likely due to
development of immunity and ageing of the parasite. The
adult worms are large (106–400 mm long and 25–70 mm
wide) and worm burdens ranging from 14 to 1,025 worms
per calf have been reported. The bulk of worms occur in the
duodenum and their nutrient requirements retard the passage
of food, impairing the assimilation of nutrients. Infected
calves may develop diarrhoea or constipation, anorexia, loss
of body condition, stunted growth, colic, loss of coat gloss-
iness and skin tone with eczema and signs of dehydration. In
severe infestations, intestinal obstruction, intussusceptions,
volvulus and intestinal perforation can occur and cause
mortalities, with losses of 30–80 % estimated in 2- to 3-
month-old calves.

Driven by increasing urbanization of the human population
and improved incomes, a change in dietary preferences is
occurring in South East Asia resulting in increasing demand
for red meat products that is expected to increase at 3 % per
annum between 1993 to 2020 (Delgado et al. 1999). Lao
Peoples Democratic Republic (Lao PDR), surrounded by
expanding market demands of Thailand, China and Vietnam,
is situated in a prime area to leverage on this growth with
opportunities to develop their livestock industry (Wilson
2007; Stür et al. 2002). Improving livestock productivity
appears a feasible way of addressing poverty in northern
Lao and other developing countries in the region in a sustain-
able manner and several research and development projects
are addressing this issue (Windsor 2011).

Laos is a developing country with a predominantly
rural society where 85 % of people are involved with
agricultural activities and agriculture contributes to
52 % of GDP (Nampanya et al. 2010; UNDP 2009;
Wilson 2007). Rural poverty is a major challenge, par-
ticularly in the upland and mountainous areas of north-
ern Lao PDR predominated by smallholder producers,
owning 6–7 cattle and/or buffalo per household and
having access to between 1.1 and 1.8 ha of land relying
mainly on subsistence farming. Large ruminants are an
important asset, providing manure for fertilizing crops, a
meat source, draft power and importantly, a cash re-
serve. The value of large ruminants is comparatively
high and they can be sold when the household needs
larger amounts of cash. Despite the importance of large

ruminants, farmers are not able to maximise yields from
this resource as husbandry methods and reasons for
raising livestock are entrenched in traditional practices,
with low inputs and hence low output (Wilson 2007;
Stür et al. 2002). Large ruminants are usually free-
grazed, roaming in forests surrounding the villages, on
road sides and on harvested rice fields or on common
village grazing land, with supplementary feed rarely
given. Reproductive management is not practiced. Male
animals are not castrated, and bulls and cows run to-
gether throughout the year, resulting in all-year calving
with a natural seasonal peak into the dry season be-
tween October and January. Disease management such
as drenching or vaccination is not routinely practiced
despite many diseases, including T. vitulorum infection
in calves, reported to be endemic. T. vitulorum infection
in calves is identified mostly based on clinical signs
(such as distension of the abdomen, white diarrhoea
and rough coats) and not confirmed by laboratory diag-
nostics, and farmers do not routinely treat calves.

Recent reviews of the Lao livestock sector identified
internal parasites especially T. vitulorum and Fasciola
gigantica as production limiting diseases of importance for
cattle and buffalo, resulting in production losses for small-
holder producers (Stür et al. 2002); however, the prevalence
and distribution of T. vitulorum in Laos as well as its clinical
and financial impact is unknown. The objective of this study
was to determine the prevalence and distribution of T. vitu-
lorum infection in cattle and buffalo calves and investigate
its clinical impact in northern Lao PDR. This study was part
of a larger research project examining the clinical and finan-
cial impact of internal parasites in large ruminants in north-
ern Lao PDR. The research aims to assist decisions on
disease control measures that can contribute to increasing
cattle and buffalo productivity within smallholder farming
systems in tropical regions.

Materials and methods

A pilot survey was conducted in January and February 2009
followed by a cross-sectional survey between September
2009 and June 2010.

Study area

The study area included villages located in the five northern
Lao PDR provinces of Borkeo, Houaphan, Luang Namtha,
Luang Prabang and Xieng Khuang. The north of Lao PDR is
mountainous with peaks reaching 2,800 m and sparsely
populated with human population densities ranging from
16 to 26 people/km2. The climate is tropical dominated by
a wet/cool and a dry/hot season. Some areas and villages are
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not accessible by car all year plus access to villages requires
local government authority. Both the smaller bilateral re-
search project entitled Best Practice Health and Husbandry
in cattle and buffalo, Lao PDR (BPHH) (Windsor 2006) and
the larger multilateral development project entitled ‘North-
ern Region Sustainable Livelihoods through Livestock De-
velopment Project’ (LDP) (ADB 2007) operate in the five
provinces selected for the study area with both projects
aiming to facilitate improved rural incomes through enhanc-
ing livestock productivity. They are managed and imple-
mented by the same Lao Department of Livestock and
Fisheries (DLF) staff and villages enrolled in these two
projects provided the primary sampling unit as they had all
year road access by car, and authority for the research team
to work in the villages was provided through these projects.

Selection of villages and calves

Pilot survey

The six villages enrolled in the 5-year (2008–2012) BPHH
research project were selected with two each located in the
three northern provinces of Luang Prabang, Xieng Khuang
and Houaphan. Village selection for this project was based on
following criteria: (1) more than 250 head of cattle and/or
buffalo in the village, (2) all-year road access and (3) willing-
ness of village authorities, farmers and local DLF staff to
participate. An additional two villages in Luang Prabang and
six neighbouring villages in Xieng Khuang provinces were
included to increase sample size and access untreated animals
as some villagers had treated calves for T. vitulorum infection
as part of the BPHH research project. Visits to the villages
were arranged with the district authorities of DLF and the
village headmen, and all cattle and buffalo calves <6 months
old not previously treated for T. vitulorum presented on the
day of the research team visit were sampled. A total of 39
buffalo and 46 cattle calves were included in the study, with
14 animals from Houaphan, 30 animals from Xieng Khuang
and 41 animals from Luang Prabang provinces.

Cross-sectional survey

A sample size of 68 villages and ten calves per village was
calculated using Survey Toolbox Software (Cameron 1999)
and information from the pilot survey, with 95 % confidence
and error of 0.075. A two-stage sampling technique was
used and the 198 villages enrolled in the LDP project that
had >20 cows and/or buffalo formed the sampling frame for
selection of villages as the primary sampling unit. Village
selection criteria for the LDP project consisted of: (1) high
level of poverty, (2) 50 % of poor households which rear
livestock, (3) interested to join project, (4) all-year road
access, (5) located within a cluster of villages and (6) a

traditional not a resettled village. The names of all villages
which met these criteria were entered into Excel (Microsoft,
2003), and two to four villages in each of the 17 districts
were randomly selected. All six villages enrolled in the
BPHH research project were also selected. Faecal samples
from 899 calves, consisting of 566 cattle and 333 buffalo
calves, from 69 villages (including one extra village than
statistically necessary) in 17 districts in five northern prov-
inces were collected and analysed for the presence of T.
vitulorum eggs. The sampling and data collection teams
from the DLF district offices organised visits to the selected
villages with local authorities including the village headmen
between September 2009 and June 2010, which included the
months of the annual natural calving peak in northern Lao
PDR. In each selected village the sampling team sampled all
calves <90 days of age that were presented at each visit until
at least ten calves were sampled. All animals sampled were
local indigenous yellow cattle (Bos indicus) or Asiatic water
buffalo (Bubalus bubalis).

Faecal sample collection and analysis

Samples were collected directly from the rectum by hand
using latex gloves, with calf restraint provided by the farm-
er. Samples were placed in zip-lock plastic bags, and la-
belled with calf identification number, species, date, village
and farmer names. Unless samples could be analysed within
24 h, 5 ml of 3 % formalin was added to preserve the
samples during transport to the laboratory in Luang Pra-
bang, which could take several days to weeks after collec-
tion and refrigeration was not always available. Labelled
samples were placed into a second clear plastic bag and
sealed with elastic bands. Floatation method and a modified
Mc Master’s egg counting technique as described by
Hansen and Perry (1994), with faeces to water dilution
of 1:20 and a universal Whitlock four chamber egg
counting slide (JA Whitlock & Co., Australia) were
used to identify T. vitulorum eggs and obtain quantita-
tive estimates of egg numbers per gram of faeces.

Data collection and management

Pilot survey

At faecal sampling, data obtained included: owner, village and
district names and calf details (species, sex, date of birth and if
the owners considered the calves being sick or healthy). The
researchers assessed the body condition score, presence of
scouring, mucous membrane colour and coat condition of
sampled calves and measured calf height at the wither. A
translator who spoke English and Lao communicated with
farmers in Lao and provided answers to the researchers in
English, who recorded data on a field record form.
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Cross-sectional survey

Data record sheets used in the pilot survey were adapted and
translated into Lao language. District staff of the Lao DLF
collected the faecal samples and the same data as in the pilot
survey with exception that the current health status (healthy
or sick as assessed by the owner) of the dam of sampled
calves was also obtained, that mucous membrane colour of
calves was not assessed and that sampled calves were not
measured due to resource constraints. Completed data re-
cord sheets were sent to a central office in Luang Prabang,
translated into English and entered into a spreadsheet creat-
ed in Microsoft Excel 2003. Birth dates provided by farm-
ers, often included the month and year only. In these cases
the 15th day of the month was the assumed birth date to
calculate the age of the calf in days at the time of faecal
sampling.

Statistical analysis

Prevalence and its confidence interval were calculated using
EpiTools software (Sergeant 2009). Descriptive statistics,
logistic and linear regression analysis of the data were
carried out using SAS Macros for Statistical Modeling
(Dhand 2009) and SAS statistical software (© 2002–2003
by SAS Institute Inc., Cary, NC, USA). Descriptive analysis
was performed on each variable using frequency tables and
charts for categorical variables and mean, median and range
for continuous variables.

Univariable logistic regression was performed to deter-
mine the association between the binary outcome variable of
faecal egg count result (positive/negative) with ten explana-
tory variables (Table 1). The models were checked for miss-
ing values and interaction between variables. From the
likelihood ratio chi-square analysis, the odds ratios of signif-
icant explanatory variables were examined to determine the
extent as well as positive or negative association with the
presence of infection. Subsequently, explanatory variables
with a p-value of <0.25, <10%missing values and Spearman
rank coefficient of <0.7 (when variables checked for collin-
earity in pairs) were included in a multivariable logistic
regression model and tested using a stepwise approach.
Variables with likelihood ratio chi-square p<0.05 were
retained in the final multivariable model. For the pilot survey
the calves were subdivided into three age categories: !20,
21–70, and "71–180 days. For the cross-sectional survey the
age categories used were: <21, 22–49, 50–90, and 91–
120 days to better account for the different stages of T.
vitulorum life cycle.

Eggs per gram of faeces (EPG) were calculated and pre-
sumed to indicate the severity of adult T. vitulorum infection,
with higher EPG suggesting higher intestinal worm burdens.
The EPG data of positive calves was log transformed to ensure

validity of assumptions of normality and univariable linear
regression analysis carried out to determine the association
between EPG and the ten explanatory variables described
previously. Subsequently, explanatory variables with a
p-value of <0.25, <10 % missing values and a Spear-
man rank coefficient of <0.7 (when variables checked
for collinearity in pairs) were included in the multivar-
iable linear regression model and tested using a step-
wise approach and variables with F-test p-values <0.05
at each step retained in the final multivariable model.

Improving animal health and research capacity of Lao
farmers and livestock extension staff

As capacity and knowledge among Lao smallholder farmers
and DLF staff were initially very limited, staff training
occurred by delivering a series of seven 2- to 3-day training
workshops during 2009, covering large ruminant production
and health topics, data collection including sampling meth-
ods, farmer interview techniques and record keeping. Staff
then applied and increased their capacities throughout the
study period through active participation. Farmers assisted
in sampling and data collection and through this participa-
tory approach were introduced to improved livestock han-
dling and husbandry techniques.

Results

Pilot survey

The estimated prevalence of toxocara infection was 6.3 % in
calves <20 days old, 37.5 % in calves 21–70 days old and
4.4 % in calves aged "71–180 days. Logistic and linear
regression analysis results showed that only age category
(3–10 weeks) was significantly associated with toxocara
infection.

Cross-sectional survey

Sampled calves ranged from 1 to 120 days old with a mean
and median age of 43.1 and 62 days, respectively. While the
aim was to sample calves <90 days old, 46 calves aged
between 91 to 120 days were also sampled and included in
analysis. Overall prevalence was 22.6 % (CI 0.17–0.28).
76.8 % of sampled villages (N069) had at least one calf
with positive faecal egg count results. Variables investigated
and univariable logistic regression results are presented in
Table 1 and results of the final logistic regression model are
shown in Table 2. Province was the only variable signifi-
cantly associated with the outcome and all other variables
investigated were not significantly (p>0.05) associated with
presence or absence of T. vitulorum infection.
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The average EPG counts for buffalo were 7,573.3
(range 10–110,000) and for cattle 2,795.3 (range 10–
63,320). Summary statistics and univariable regression
results are presented (Table 3). Linear regression on the
subset of data that were positive for T. vitulorum in the
final model indicated that ‘species’ was the only vari-
able significantly associated (p00.001) with an increase
of EPG levels, with buffalo having a ! value of 1.12
(intercept ! value06.02).

Discussion

In this study the prevalence of T. vitulorum in cattle and
buffalo calves aged 1–120 days from five northern Lao
provinces was estimated to be 22.6 % (CI 0.17–0.28), which
is similar to estimates reported in other studies in the tropics.
In the Red River Delta region of Vietnam, prevalence was
estimated to be 35.1 % in cattle calves (Holland et al. 2000);
in Turkey 40.2 % in cattle calves aged <3 months (Aydin et

Table 1 Contingency table and
univariable logistic regression
results for association of ex-
planatory variables with T. vitu-
lorum positive or negative faecal
egg counts for 899 calves, in
northern Lao, 2009–2010

aData were missing for 2–12
calves

Variable/categories T. vitulorum result OR 95 % CI p value

Negative (%) Positive (%)

Province <.0001

Bokeo 78 (72.2) 30 (27.8) 1.00

Houaphan 161 (67.4) 78 (32.6) 1.26 0.77–2.10

Luang Namtha 63 (67.0) 31 (33.0) 1.28 0.70–2.34

Luang Prabang 296 (89.2) 36 (10.8) 0.32 0.18–0.55

Xieng Khuang 98 (77.8) 28 (22.2) 0.74 0.41–1.35

Sampling time 0.044

Sep–Oct 132 (80.0) 33 (20.0) 1.00

Nov–Dec 242 (72.9) 90 (27.1) 1.49 0.95–2.36

Jan–Feb 302 (79.5) 78 (20.5) 1.03 0.66–1.65

Mar–Jun 20 (90.9) 2 (9.1) 0.40 0.06–1.47

Species 0.107

Buffalo 248 (74.5) 85 (25.5) 1.00

Cattle 448 (79.2) 118 (20.9) 0.77 0.56–1.06

Age of calvesa 0.117

1–21 days 174 (82.5) 37 (17.5) 1.00

22–49 days 258 (74.4) 89 (25.7) 1.62 1.06–2.51

50–90 days 225 (76.8) 68 (23.2) 1.42 0.91–2.24

91–120 days 38 (82.6) 8 (17.4) 0.99 0.40–2.20

Is calf sick?a 0.022

No 587 (79.1) 155 (20.9) 1.00

Yes 107 (70.4) 45 (29.6) 1.59 1.07–2.34

Was calf treated for T. vitulorum?a 0.154

No 632 (76.8) 191 (23.2) 1.00

Yes 62 (83.8) 12 (16.2) 0.64 0.32–1.17

Gender of calfa 0.256

Female 377 (78.9) 101 (21.1) 1.00

Male 311 (75.7) 100 (24.3) 1.20 0.88–1.65

Is mother of calf sicka 0.963

No 640 (77.4) 187 (22.6) 1.00

Yes 54 (77.1) 16 (22.9) 1.01 0.55–1.77

Does calf have diarrhoea?a 0.915

No 569 (77.5) 165 (22.5) 1.00

Yes 118 (77.1) 35 (22.9) 1.02 0.67–1.54

Coat condition of calfa 0.704

Normal 550 (77.6) 159 (22.4) 1.00

Abnormal 138 (76.2) 43 (23.8) 1.08 0.07–1.57
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al. 2006); and in India 28.6 % in cow and buffalo calves in
one study (Kumari et al. 2004) and 34.1 % in cattle calves
and 53.2 % in buffalo aged <4 months (Devi et al. 2000).
Comparison of these prevalence studies is difficult given
differences likely to influence results exist in age group
classification, husbandry, species, season of sampling as
well as calf selection and diagnostic methods and more
recent studies in the South East Asian region are lacking.
It is possible that T. vitulorum prevalence varies between
geographical areas, due to different climates, large ruminant
husbandry practices, cattle and buffalo stocking density, or
even natural resistance of the local indigenous cattle and
buffalo breeds. Our study sampled a large ruminant popula-
tion belonging to smallholder producers, managed exten-
sively with minimal husbandry inputs, whereas most other
reported studies were done in large ruminant populations
from research stations or in populations with more intensive
farming practises.

There are limitations with using a flotation method to
analyse faecal samples for presence of parasite eggs in a

single sample to determine presence of infection and test
sensitivity and specificity of this method for T. vitulorum
has not been reported. False positives could occur with
coprophagia and false negatives could occur if the animals
are sampled during the pre-patent period, if there is inter-
mittent shedding or low egg output. The likelihood of false
negative results was considered to be limited in this study as
our calves were sampled at an age when toxocara infection
if present was patent (Starke-Buzetti 2006; Roberts 1993). T.
vitulorum is reported to be a prolific egg producer with an
egg output of 110,000 eggs/day and faecal volume produced
by calves is low, hence false negative results due to low egg
output are unlikely. Further, for all samples all four cham-
bers of the counting chamber were examined to reduce the
chance of false results. Patent infection was not confirmed in
this field study as no calves were available for necropsy.

The significant higher prevalence in the age group cate-
gory of 3–10 weeks found in the pilot survey reflects the life
cycle of T. vitulorum, with sampling of calves older than
3 months then limited for the main survey. However the
prevalence in calves aged 1–21 days was unexpectedly high
at 17.5 %, as this occurs within the reported pre-patent
period. This could indicate intrauterine infection, although
presence of eggs in the faeces due to coprophagia, cross-
contamination of samples in the field or in the laboratory or
inaccurate age records may also be possible. Cross-
contamination of samples was considered unlikely as local
staff was well trained and hygienic procedures preventing
cross-contamination were consistently implemented in the
field and laboratory. Although previous research on the life
cycle of T. vitulorum found the intrauterine path of infection
was not conclusively disproved, the balance of evidence
was considered to support only the lactogenic route of

Table 2 Final logistic regression model for Toxocara vitulorum infec-
tion in a cross-sectional survey of 882 calves, Laos, 2009–2010

Variable b SE(b) OR 95 % CI p value
Category

Province <0.001

Bokeo – – 1

Houaphan 0.24 0.26 1.27 0.77–2.13

Luang Namtha 0.25 0.31 1.29 0.70–2.36

Luang Prabang !1.13 0.28 0.32 0.19–0.56

Xieng Khuang !0.29 0.31 0.75 0.41–1.37

Table 3 Summary statistics and
univariable linear regression
results for association of ex-
planatory variables with T. vitu-
lorum EPG levels in 202 calves
with positive faecal samples,
Laos, 2009–2010

aData were missing for one calf

Variable N Min. Q1 Mean Median Q3 Max. p value
Category

Species 0.001

Buffalo 85 10 270 7,573.3 1,830 7,750 110,000

Cattle 117 10 60 2,795.3 493 2,187 63,320

Agea 0.043

1–21 days 37 10 160 3,772.9 1,480 4,440 24,070

22–49 days 89 10 260 5,753.2 1,413 4,095 110,000

50–90 days 67 10 30 4,656.9 547 2,613 63,320

91–118 days 8 10 50 714.1 103 394 4,610

Province 0.048

Bokeo 30 10 30 7,124.9 425 10,710 63,320

Houaphan 78 10 220 6,372.7 1,287 5,130 110,000

Luang Namtha 31 10 93 3,164.6 1,250 3,890 21,851

Luang Prabang 35 20 160 2,448.3 590 2,310 18,250

Xieng Khuang 28 10 17 2,720.4 100 3,183 24,070
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infection as occurring (Roberts 1993). In northern Lao,
cattle and buffalo are often not observed daily and age
records used were provided by farmers who could some-
times only provide the month the calf was born and not the
exact day and in these situations the calf age was calculated
assuming birth occurred on the 15th day of the month,
which may have resulted inaccurate age estimations. The
mean and median within this age category were 12 and
10.5 days, respectively, indicating that observations in this
age category were not close towards the reported end of the
prepatent period, i.e., towards 20 days. Further studies to
determine if presence of T. vitulorum eggs in calves less than
3 weeks old as found in this study is due to patent infection
are suggested as well as determining the sensitivity of using
faecal egg count analysis of a single or multiple faecal
samples as diagnostic test for T. vitulorum infection.

Prevalence estimates were significantly different between
the provinces with Luang Prabang the lowest at 10.8 % and
Luang Namtha the highest at 33.0 %. A reason for this could
include higher treatment rates as 56.1 % of calves treated
were in Luang Prabang province and no treatments were
recorded in calves from Luang Namtha province. Treatment
rates were very low (8.2 %) and often ineffective, with
16.2 % of treated calves having a positive FEC for T.
vitulorum. Different husbandry practices not recorded could
affect transmission or different climatic conditions affecting
survival of T. vitulorum eggs in the environment and thus
also contribute to the apparent geographical difference in
prevalence in northern Lao PDR, but these were not
investigated.

Clinical signs including poor coat condition with eczema,
stools resembling white scour, inappetance with intermittent
colic and tympany have been reported as indicators of
toxocariasis especially in buffalo calves (Roberts 1993),
and we found this a common view amongst Lao animal
health staff and farmers. However, more recent studies have
described that calves with toxocariasis could have either
pale coloured or black diarrhoea, or could appear clinically
normal (Jones et al. 2009; Starke-Buzetti 2006). Our study
supports these more recent studies, finding that 17.0 % of
sampled calves showed clinical signs of general sickness,
17.2 % diarrhoea and 20.3 % abnormal coat, but none of
these factors were significantly associated with T. vitulorum
infection status. These clinical signs are non-specific and
could occur with many other diseases or husbandry defi-
ciencies, including external parasites, bacterial, protozoal or
viral infections, other internal parasitic diseases or subopti-
mal nutrition. These disorders cause high calf morbidity and
are likely to contribute significantly to negative production
impacts in affected calves. Further studies will be required
to determine the aetiology of these clinical signs and the
relative contribution of T. vitulorum towards the overall
clinical and financial impact of neonatal calf disorders.

When comparing the prevalence of infection between
species, 25.5 % of buffalo and 20.9 % of cattle calves were
found to be positive. Although the difference between spe-
cies was not statistically significant in this survey (p0
0.107), the trend for higher prevalence among buffalo calves
than cattle calves aligns with literature and anecdotal reports
from Lao farmers and livestock extension staff that suggest
toxocariasis is more common in buffalo calves (Starke-
Buzetti 2006; Stür et al. 2002; Roberts 1993). In Lao
PDR, the husbandry practices tend to expose both species
to similar levels of environmental contamination as they are
regularly grazed or confined together, and this may lead to
more similar prevalence between species than reported else-
where. However the severity of infection (as determined by
EPG count analysis and assuming that higher EPG means
higher worm burden) was clearly found to be higher among
buffalo calves in our study (p00.001). The reported patho-
genic levels of EPG range from 500 to 30,000. This large
range has arisen because the stage of infection was not
considered when trying to determine pathogenic EPG levels
(Roberts 1993). T. vitulorum egg output is not consistent
throughout the patent period, peaking when the calf is about
5–7 weeks of age and tapering off due to a natural ageing
process of the parasite as well as the maturing of the hu-
moral and cell mediated immune response of the calf (Neves
et al. 2003; Roberts 1993). None of the clinical signs inves-
tigated in this study were associated with infection status or
level of infection. This may indicate that pathogenic effects
producing clinical signs in Lao PDR large ruminant calves
requires higher egg counts, clinical signs manifest in older
calves than we investigated or clinical signs are different
than those we investigated (e.g., weight loss, reduced
growth rates).

Nevertheless our findings indicate that it is inadequate to
only treat calves showing clinical signs that may indicate a
worm problem or only buffalo calves due to the inconsis-
tency of clinical signs and species with presence and level of
T. vitulorum infection. Our study identified that it is possible
that calves have patent infections at an early age (<21 days)
or that farmers are uncertain about the correct age of their
calves and therefore determining the correct age of calves is
important as anthelmintics are considered an effective con-
trol by a single treatment of pyrantel between 14 and 21 days
of age (Roberts 1993).

It is important to note that 76.8 % of villages (n069)
from which animals were sampled and tested had at least
one positive calf, indicating wide spread infection in north-
ern Lao PDR. Wide spread infection and a prevalence of
22.5 % at individual animal level are significant and likely
to contribute to negative production impacts as well as
continuous environmental contamination with eggs if left
unmanaged. Toxocariasis is reported to cause large mortal-
ities in calves (Starke-Buzetti 2006), and it is necessary to
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assess mortalities associated with T. vitulorum infection to
estimate the full clinical and economic impact. Further stud-
ies have been completed by the same authors to assess calf
mortality in northern Lao PDR to better quantify the cost
and impact of this disease.

These studies are considered essential to enable more
efficient development of a large ruminant livestock industry
as a pathway from rural poverty for smallholder farmers in
northern Lao PDR.
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