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Abstract
Context.Anthelmintic treatments are not widely adopted by smallholder farmers in Laos (Lao People’s Democratic

Republic) to treat bovid Toxocara vitulorum, resulting in high calf morbidity and mortality.
Aims. Field trials were conducted to provide baseline efficacy data on an alternative, easy-to-use treatment by provision

of fenbendazole-medicated molasses blocks (FMB) in situ.
Methods. Participating villages were randomly allocated to the following treatments: (1) conventional orally

administered pyrantel, (2) access to FMB, (3) access to non-medicated molasses blocks (MB), and (4) no blocks
(control). Faecal eggs per gram (EPG) and weight were monitored in cattle (n = 171) and buffalo calves (n = 44)
under field conditions for 48–56 days.

Key results. In 2016, the MB treatment was associated with the fastest reduction in predicted average EPG at 2%
per day, while FMB and pyrantel had an equivalent reduction of 1% per day, relative to the control (P = 0.062).
Predicted average weight also differed significantly among treatments, with pyrantel and MB having the greatest
average daily gain at 230 g and FMB at 200 g, which was higher than for control calves at 170 g (P = 0.002). In buffalo
calves, treatment was not significantly associated with EPG or weight. The 2018 trial corroborated that FMB and MB
treatments were associated with increased EPG reductions in cattle at 3% per day, relative to control calves (P = 0.007).
Again, the MB treatment had the greatest predicted average daily gain at 200 g, compared with FMB calves at 160 g and
control calves at 150 g (P = 0.005).

Conclusions. The field trials provided baseline evidence that FMB and MB have potential applications in
reducing environmental contamination of T. vitulorum eggs and may improve calf growth in low-input systems.
However, further testing ex situ is required to control for variability in calf weight and T. vitulorum burdens, so as to
optimise anthelmintic doses, assess the addition of urea to the block formula and assess product marketability.

Implications. If successful, medicated nutrient blocks may be a simple method to reduce calf mortality and
morbidity, enhancing the reproductive efficiency of large ruminant production in smallholder farms in developing
countries.
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Introduction

In Laos (Lao People’s Democratic Republic), cattle and buffalo
are predominantly produced by smallholder farmers in
traditional low-input subsistence systems (Stür et al. 2002).
Reproductive efficiency is low, with cattle and buffalo on
average producing only one calf every 15 months and
20 months respectively (Nampanya et al. 2014b). Calf
survival is poor, with annual calf morbidity of 42.6% and calf
mortality of 37.3% reported in 2010 (Rast et al. 2014). It is likely

that the level of reproductive efficiency in these systems is
inadequate in replenishing animal stocks at the current and
growing rate of red meat demand in Asia (Smith et al. 2015).
Interventions to improve animal health that lead to enhanced
reproductive efficiency are needed to enhance smallholder
livelihoods and establish regional food security.

Toxocara vitulorum is a tropical gastrointestinal nematode
parasite that affects cattle and buffalo calves less than
3 months of age and is considered a major impediment to
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efficient breeding (Starke-Buzetti 2006). Toxocara vitulorum
is endemic in upland Laos, with a 22.6% prevalence observed
in calves less than 4 months of age and a village prevalence of
76.8% identified in 2013 (Rast et al. 2013). While T. vitulorum
burdens were assessed to be in the moderate range for buffalo
at 7573.3 eggs per gram (EPG) and in a low range for cattle at
2795.3 EPG (Rast et al. 2013), these burdens are potentially
pathogenic due to the concurrent low nutritional status of
livestock (Starke-Buzetti 2006; Nampanya et al. 2014a). As
T. vitulorum faecal egg count (FEC) positivity has been
previously associated with an increased likelihood of calf
morbidity by 1.9 times and calf mortality by 2.6 times in
Laos (Rast et al. 2014), it is strongly suggested that
T. vitulorum impedes reproductive efficiency in Laos and
requires intervention to manage infestations.

Toxocara vitulorum pervades herds by inhabiting female
adults through oral ingestion of hatched larvae from calf
faeces (Roberts 1990). Larvae migrate mainly to the liver
where they remain stable for 2–3 months, but do not mature
or cause patent infection (Roberts 1990). Two days before
parturition, larvae migrate to the mammary gland and pass
into the milk (Roberts 1990). Suckling calves infested with
T. vitulorum have mature worms residing in the duodenum,
inhibiting the absorption of nutrients, resulting in poor weight
gain, weight loss, diarrhoea, constipation, anorexia, ill-thrift and
stunting, and being associated with 30–80% mortality rates
(Roberts 1989; Starke-Buzetti 2006). The housing of adults
among calf faeces is the customary link to adult infection and
is prominent in Laos where calves are rarely weaned ormanaged
(Matsumoto et al. 2017).

Toxocariasis is endemic to Laos, where a study found that
only 2.5% of farmers treat calves with the orally administered
anthelmintic pyrantel at the recommended dose (125 mg/10 kg)
and age (14–21 days; Rast et al. 2014). Instead, the majority
(60%) of farmers attempt to treat their calves using home
remedies and incorrectly applied anthelmintics and antibiotics,
which have poor or nil efficacy against nematodes (Rast et al.
2013, 2014). This is despite pyrantel being readily available
and economical, with a calf dose costing US$0.30–0.40 and
yielding estimated net benefits of US$7.50 per calf on Lao
farms, with 50% calf mortality and morbidity, similar to actual
rates in Laos (Rast et al. 2014). When used correctly, high
efficacies of 97–100% have been demonstrated against
immature and mature parasites (Roberts 1989), and it could
be a simple intervention to enhance large-ruminant
productivity in Laos.

However, control of T. vitulorum with the recommended
treatment of pyrantel has not achieved sustained adoption in
many smallholder farms in Southeast Asia for several reasons.
First, administration at the narrow range of efficacy of
10–16 days of age (Rast et al. 2014) is challenging because
calving periods are random due to lack of controlled breeding
(Matsumoto et al. 2017). Additionally, dams can calve away
from the homestead in communal or forested areas, with
farmers subsequently, being unable to age calves accurately
(Rast et al. 2013). Second, farmers lack infrastructure to
restrain and identify animals in a systematic way. Third, the
remote locations of many farmers may isolate them from
government-supported animal-health services, reducing

access to veterinary treatments and expertise. Finally,
farmers’ lack of knowledge of the clinical signs of
endoparasitism may also inhibit motivation for treatment,
especially as farmers may be complacent with current levels
of low animal productivity in subsistence agriculture.

To address these challenges, the administration of
anthelmintics incorporated in multi-nutrient molasses blocks
has been considered as a potential intervention to ease
administration, while enhancing underlying nutrition
(Windsor et al. 2019). The purpose of multi-nutrient
molasses blocks is to provide energy, minerals and vitamin
to rice-straw and native-grass diets, where they are lacking
(Makkar 2007). Molasses is a high-energy supplement that
increases the efficiency of rumen microbial activity by
providing readily available energy for rumen microbial
growth and synthesis of crude protein, leading to improved
utilisation of crop residues (Lu et al. 2019). The resulting
enhancements to ruminant productivity can be further
increased when anthelmintics such as fenbendazole (FBZ)
are included in block formulations as FBZ binds to tubulin,
preventing the formation of microtubules in nematodes
(Heggem 2008). This perturbs the uptake of glucose,
leading to the depletion of glycogen reserves, resulting in
nematode death and reduced parasite infestations (Makkar
2007). The present study did not include urea in block
formulations, so as to focus on the effects of molasses and
FBZ. However, urea is often added to blocks to further
improve the digestibility and intake of roughages by
providing a soluble and rapidly degradable source of
nitrogen that is hydrolysed in the rumen to yield ammonia
(McDonald et al. 1995). Ammonia in rumen fluids is the key
intermediate in microbial degradation and synthesis of protein,
which is the main source of protein reaching the ruminant’s
small intestine (McDonald et al. 1995). Feeding cross-breed
cattle or buffalo heifers 0.35–0.38 mg of FBZ/day
incorporated in urea–molasses blocks (UMB) for 1 week
every 5 weeks, or up to 3 months during the rainy season,
can significantly lower nematode burdens, increase liveweight
gain and increase milk yield compared with control heifers
(Sanyal and Singh 1995b, 1995a; Waruiru et al. 2003).
FBZ-incorporated UMB have also been used to treat
immature and adult gastrointestinal parasites in calves, with
the administration of 0.5 mg of FBZ/day in nutrient blocks for
3–10 days resulting in 99% efficacies against gastrointestinal
parasites and having no adverse effects on calf health
(Blagburn et al. 1987). On the basis of these positive
findings, the present study aimed to generate baseline
efficacy data on FBZ-incorporated multi-nutrient molasses
blocks on T. vitulorum as a potential intervention to
improve reproductive efficiency in Laos by reducing calf
morbidity and mortality.

Materials and methods

Study site, farmer selection and block supplementation
Three field trials were conducted in the northern province of
Luang Prabang in 2015, 2016 and 2018, to assess the effect of
(1) conventional orally administered pyrantel, (2) access to
FBZ-medicated molasses blocks (FMB), (3) access to non-
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medicated molasses blocks (MB) and (4) no blocks
(control) on calf weight and T. vitulorum EPG. In addition
to its proven efficacy, FBZ was selected for inclusion in blocks
over other anthelmintics because it is the most stable
anthelmintic for incorporation in UMB (Rafiq et al. 2004),
it is considered low risk with a safety index of 67 in cattle, it
does not require a milk-withholding period (Garg et al. 2007),
and it does not have teratogenic effects or risks to pregnant
animals (Heggem 2008). The trials were aligned with the
livestock-development project ‘Development of a biosecure
market-driven beef production system in Lao PDR’, funded by
the Australian Centre for International Agricultural Research
(ACIAR 2015) and conducted by The University of Sydney in
collaboration with the Lao Department of Livestock and
Fisheries (DLF). The use of animals, humans, and trialling
techniques were approved by the University of Sydney Human
Ethics Committee (Project number 2014/783) and Animal
Ethics Committee (Project number 2015/765).

Villages were recruited into the study following
consultation with senior veterinarians, Lao DLF and district
officials, on the basis of the criteria that villages had (1) a high
level of cooperation of farmers, village elders and village
veterinary workers, (2) interest in adoption of technology to
improve animal health and husbandry, (3) at least 40
households, (4) a total number of cattle and buffalo
exceeding 100 head, and (5) road access. Farmers were
subsequently selected on the basis of discussions among the
Lao DLF staff, village headman and project staff members.
Treatment administration, sampling and laboratory analyses
were conducted by the Luang Prabang Provincial Agricultural
and Forestry Office (PAFO) and district Agricultural and
Forest Office (DAFO) staff, in collaboration with
researchers from The University of Sydney.

Treatments with FMB and MB were sourced from 4 Season
Co. in Brisbane, Queensland, Australia, and composition is
presented (Table 1). Blocks measured 400 · 180 · 260 mm,
contained FBZ at a standard rate of 0.5 g/kg (Sanyal and Singh
1993) and were distributed to households at a rate of one
block/20 large ruminants. Farmers were instructed to place
blocks on elevated stands under shelter and request new blocks

when the previous blocks were consumed. Due to unrestricted
animal movement in smallholder farms, adult bovids also had
access to blocks, making calculations of calf consumption
limited to estimates. Pyrantel tablets (125 mg/10 kg) were
administered orally on Day 0. Animals were maintained under
normal management conditions typified by free-grazing road-
side and paddy-line grass during the day and housing at night
where they had unrestricted access to blocks. Farmers were
advised to provide ad libitum water.

Experimental design of each trial
The number of calves allocated to each treatment and their
villages are presented (Table 2). The 2015 pilot trial was
conducted in July–August (wet season) and consisted of
13 cattle and buffalo calves selected from two villages in
Luang Prabang province. The villages were randomly
allocated either FMB or MB treatments. Calf samples were
taken 21 days before block supplementation, and Days 18, 28
and 48. The 2016 trial was conducted in February–April (dry
season) and consisted of 156 cattle and buffalo calves. Eight
villages were randomly allocated to one of four treatments, as
follows: pyrantel (n = 2); FMB (n = 3); MB (n = 2); and control
(n = 1). Calf samples were taken on Days 0, 7, 28 and 48. The
2018 study was conducted in January–March (dry season) and
consisted of 46 cattle calves. Farmers (n = 11) from three
villages were randomly allocated FMB, MB and control
treatments. Calf samples were taken on Days 0, 14, 28 and
56. A subset of five farmers were surveyed on basic parasite
knowledge and their blocks were weighed at the last data
collection to estimate the rate of block consumption.

Table 1. Constituent ingredients (g/kg) of fenbendazole-medicated
molasses blocks (FMB) and non-medicated molasses blocks (MB)

Constituent FMB (g/kg) MB (g/kg)

Molasses 520 520
Salt 100 100
Bypass protein meal 80 80
Total protein 34 34
Magnesium 40 40
Calcium 27 27
Sulfur 14 14
Phosphorus 13 13
Zinc 0.2 0.2
Copper 0.12 0.12
Cobalt 0.02 0.02
Selenium 0.022 0.022
Iodine 0.017 0.017
Fenbendazole 0.5 –

Table 2. Summary of the number of calves per village and their
treatment in trials conductedonsmallholder farms innorthernLaoPDR
n, size of sample; N, total number of samples; FMB, fenbendazole-
medicated molasses blocks; MB, non-medicated molasses blocks;

control, no blocks

Village Treatment n (cattle) n (buffalo) N

2015
Pik Yai FMB – 2 2
Pak Si MB 3 8 11
Total 3 11 13

2016
Hard Kham Pyrantel – 6 6
Hard Phang FMB 13 6 19
Houay Paen FMB 27 1 28
Kone Kham Control 31 – 31
Pak Jak MB 32 – 32
Pak Si FMB 8 6 14
Par Nor Pyrantel 11 6 17
Pik Yai MB – 9 9
Total 122 34 156

2018
Hard Phang FMB 2 –

MB 3 – 5
Kone Kham Control 23 – 23
Pak Si FMB 12 –

MB 6 – 18
Total 46 0 46
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Sample collection and FEC analysis
On pre-determined days, individual rectal faecal samples were
collected, stored in zip-lock bags in 3% formalin and stored in a
portable cooler until being transferred to a local laboratory
refrigerator. Calf age at Day 0 (�1, 1 < Age � 2, 2 < Age �
3, 3 <Age� 4 months), girth (cm), body condition score (BCS;
1–5 scale), coat texture (normal/abnormal), and the estimated
calf value (US$) were recorded on a data-collection sheet. In the
2015 pilot study, weight (kg) was predicted from girth
measurements interpreted from a girth tape (Bush et al. 2014).
The 2016 and 2018 study used electronic weight scales. The
floatation method and a modified McMaster egg-counting
method were used to determine T. vitulorum faecal EPG as
well as Strongyle egg-type EPG (Hansen and Perry 1994). As
calves were unlikely to be prepatent if sampled at an age when
T. vitulorumwas present and because T. vitulorum egg output is
generally prolific (up to 110 000 eggs per day), false negatives
due to low egg output were considered unlikely (Starke-Buzetti
2006; Rast et al. 2013). The FEC reduction (FECR) value was
calculated on the basis of faecal EPG, using the formula (Dash
et al. 1988)

FECR ¼ 100 · 1� TxT0½ �= C0=Cx½ �ð Þ;
where Tx and Cx = arithmetic means of faecal EPG of each
treatment and control group at the various sampling days and
T0 and C0 = arithmetic means of faecal EPG of each treatment
or control group at Day 0.

Statistical analyses
All data cleaning was conducted in Microsoft Excel (2016) and
all summary statistics, variable filtering and analyses were
conducted in R statistical package (R Core Team 2019). The
FEC status, mean EPG and mean weight were assessed for
differences among the treatment groups at each sample
collection day per trial, using univariable linear mixed models
(LMM) in the asremL package in R (Butler et al. 2009). For FEC
status, calves were assigned a binary value of ‘1’ if they had a
positive EPG and ‘0’ for an EPG of 0 (Rast et al. 2013). In the
2015 study, codes for the farm and the laboratory staff
conducting the FEC were included as random terms in
univariable models and, in the 2016 and 2018 study, village
was also included.

Then, univariable LMMs were fitted to cattle and buffalo-
calf data from 2016 and 2018 separately for EPG and weight-
outcome variables to assess associations between the available
explanatory variables of treatment, day, calf age at Day 0, calf
gender, BCS, coat texture, estimated calf value (US$) and
Strongyle EPG. In addition to village, farmer and laboratory
staff, calf ID was included as a random term to account for
multiple observations being taken from the same calf over
time. Prior to fitting the models, numeric variables were
assessed for correlations among them where a cut-off
criterion of r � 0.65 was used to establish correlated pairs,
and the variable less correlated with the outcome variable of
interest was excluded. Variables were then assessed for
skewness to address the influence of large values. Skewed
variables underwent a natural log-transformation, which was
retained if improved distributions were observed in histogram

plots. Variables were also excluded from modelling if more
than 95% of values were the same. Variables and a two-way
interaction between treatment and day (to assess treatment
effect over time) underwent univariable analysis. If the
P-value was <0.2, variables were retained for multivariable
modelling where backward elimination followed, and
ended when all predictors had a P-value of <0.1. Variables
with a 0.05 < P < 0.1 were considered suggestive of
significant associations, while variables and P-values <0.05
were considered statistically significant. The regression
coefficients (b) were interpreted as the rate of change of the
outcome variable for a one-unit increase in the explanatory
variable of interest, with all other variables being kept
constant. For the log-transformed EPG outcome variables,
model-based means were back-transformed regression
coefficients, exp(b). Model-based means were graphed for
significant interactions to visualise the rates of changes.

Results

Descriptive FEC, EPG and weight results from the
2016 study

In the early dry season of 2016, T. vitulorum prevalence was
27.0% (95% CI 20.0–34.0) in cattle and 32.4% (95% CI
25.1–39.7) in buffalo calves. In positive calves, EPGs
(mean � s.d.) were 3486.1 � 8071.8 (range = 20–45 460)
in cattle and 4390.9 � 7054.4 (range = 20–20 520) in buffalo.
All six villages with cattle had calves FEC positive to
T. vitulorum and 5 of 6 (83.3%) villages with buffalo had
positive calves.

The prevalence of FEC, mean EPG and weight data per
treatment over time are presented (Table 3). On Day 0, mean
cattle EPGs of the treatment groups ranged from 374 to 1016
and FEC-positive calves constituted 18–34% across treatment
groups. By Day 48, prevalence had decreased across all
treatment groups except for the control group, which
increased from 19.4% to 22.6% on Day 48. No significant
(P > 0.1) differences in prevalence or mean EPGs were
observed among the treatments at any day of the experiment.

Orally administered pyrantel had the greatest FECR at
100%, observed 7 days after administration. The MB group
had FECR at 82.2%, 91.5% and 73.0% at 7, 28 and 48 days
post-treatment. The FMB group had FECR at 81.3% and
83.3% FECR observed 7 and 28 days post-treatment
(Table 3). An increase of 308.3% on Day 48 reflects the
increased EPG in the control group in this period. Although
the prevalence of the FMB treatment decreased by half from
Day 0 to Day 7, mean EPG increased from 1522 � 6784 on
Day 0 to 2057 � 8227 on Day 7.

In buffalo calves, prevalence was similar across the
pyrantel, FMB and MB treatment groups at 30.7–33.3% on
Day 0 (P = 0.952; Table 4). EPGs ranged from 108 to 3763
among treatments, which was also not significantly (P > 0.1)
different. Prevalence did not differ significantly (P > 0.1)
among treatments at any point in the trial and decreased for
all treatments by Day 48, except for the FMB group, which
returned to Day 0 prevalence. Similarly, EPGs did not differ
significantly (P > 0.1) among treatments at any stage of the
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trial, but increased gradually in the MB and FMB group and
decreased consistently in the pyrantel group.

OnDay 0, cattle calvesweighed (mean� s.d.) 33.0� 12.5 kg
(n= 122) and buffalo calvesweighed 52.1� 21.7 kg (n= 34) and
had a mean age of 2.5 � 1.1 months and 2.2 � 1.1 months
respectively. Buffalo weight in the pyrantel group was
significantly higher on Days 0 and 28 but not on Day 48, than
in the other treatments (Table 4). Cattle weight did not differ
significantly among the treatment groups at any time point
(Table 3). Cattle and buffalo weights from all treatment
groups increased over the 48-day experiment. The average
daily gain (ADG) was 197.7 � 80.8 g in cattle calves and
231.7 � 90.2 g in buffalo calves. In cattle, pyrantel and MB
treatment groups had a higher ADG (P = 0.836), and, in buffalo
calves, theMB treatment group had the greatestADG (P=0.794;
Fig. 1), but these differences were not considered significant.

Multivariable LMM analysis from the 2016 trial

The interaction between treatment and day was the only
predictor with a suggestive effect on EPG (P = 0.062) in
cattle from the final multivariable LMM (Table 5). EPG
remained constant in the control group during the trial,
while the FMB and pyrantel group experienced decreases of
~1% per day. The MB group had the most rapid rate of EPG
decline of ~2% per day (Fig. 2). Cattle weight was significantly
associated with age at enrolment (P < 0.001), BCS (P < 0.001),
the interaction between treatment and day (P = 0.002) and the
log of Strongyle EPG (P = 0.068). For each additional month
of age at enrolment, and for each additional BCS, calves were,
as predicted, 7.4 � 0.8 kg (mean � s.e.) and 6.5 � 1.6 kg
heavier respectively. On the basis of probability plots (Fig. 2),
calves in the pyrantel, MB and FMB treatments had a faster

Table 3. Toxocara vitulorum faecal egg count (FEC), mean eggs per gram (EPG), FEC reduction (FECR) and weight
in cattle calves receiving pyrantel, fenbendazole-medicated molasses blocks (FMB), non-medicated molasses blocks

(MB) and no blocks (control) during a field trial conducted in Lao PDR, 2016
Values are means � s.d.; +ve, positive

Variable Day Pyrantel FMB MB Control P-value
(n = 11) (n = 48) (n = 32) (n = 31)

Number of FEC +ve
(% in parentheses)

0 2 (18.2) 14 (29.2) 11 (34.4) 6 (19.4) 0.508
7 0 7 (14.6) 6 (18.8) 1 (3.2) 0.993
28 0 10 (20.8) 4 (12.5) 4 (12.9) 0.967
48 1 (9.1) 3 (6.3) 5 (15.6) 7 (22.6) 0.831

Mean EPG 0 1016 ± 2848 1522 ± 6784 601 ± 1242 374 ± 1364 0.955
7 0 2057 ± 8227 769 ± 2320 52 ± 287 0.884
28 0 950 ± 3026 178 ± 738 19 ± 72 0.870
48 1.8 ± 6 605 ± 3752 8 ± 20 122 ± 327 0.841

FECR 7 100 81.2 82.2 –

28 – 83.1 91.5 –

48 – –308.3 73.0 –

Mean weight (kg) 0 33.5 ± 16.2 32.3 ± 13.1 31.7 ± 10.8 35.5 ± 11.9 0.973
28 37.5 ± 16.1 35.5 ± 12.4 36.5 ± 10.3 38.5 ± 12.1 0.920
48 44.0 ± 16.3 41.6 ± 12.8 42.1 ± 10.7 43.5 ± 12.0 0.927

Table 4. Toxocara vitulorum faecal egg count (FEC), mean eggs per gram (EPG) and weight in buffalo calves receiving
pyrantel, fenbendazole-medicated molasses blocks (FMB) and non-medicated molasses blocks (MB) during a field trial

conducted in Lao PDR, 2016
Values are means � s.d.; +ve, positive

Variable Day Pyrantel FMB MB P-value
(n = 10) (n = 13) (n = 9)

Number of FEC +ve
(% in parentheses)

0 4 (33.3) 4 (30.7) 3 (33.3) 0.952
7 1 (10.0) 1 (7.7) 2 (22.2) 0.883
28 1 (8.3) 1 (7.7) 2 (22.2) 0.772
48 0 4 (30.8) 2 (22.2) 0.949

Mean EPG 0 3763 ± 6987 108 ± 331 193 ± 361 0.563
7 844 ± 2669 109 ± 394 107 ± 313 0.836
28 118 ± 410 3.1 ± 11.1 320 ± 930 0.460
48 0 3521.5 ± 9278 362.2 ± 1079 0.661

Mean weight (kg) 0 65.8 ± 23.4 47.8 ± 14.9 40.1 ± 19.7 0.032
28 67.1 ± 18.9 50.9 ± 14.8 45.2 ± 19.2 0.037
48 75.5 ± 20.8 57.9 ± 13.8 51.2 ± 17.3 0.506
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rate of weight gain than did control calves. This was estimated
as an additional 60, 30 and 60 g per day respectively, compared
with control calves where ADG was a predicted 170 g. Each
additional Strongyle egg detected in calf faecal samples was
associated with a mean decrease in weight of 70 g. On Day 0,
calves had a mean Strongyle EPG of 2.3 � 3.6, which
decreased to 0.1 � 3.1 by Day 48.

For buffalo, calf age at enrolment (P = 0.016) was the
only significant predictor of EPG (Table 6). For each

additional month of age at trial enrolment, buffalo calves
had a 24% decrease in the mean EPG. Buffalo weight was
associated with the day of the experiment (P < 0.001),
estimated calf value (P = 0.022) and treatment (P = 0.029).
For each additional day and estimated US$, calves
gained a predicted mean 270 g and 20 g respectively.
Buffalo calves receiving FMB and MB were a predicted
mean of 17.7 kg and 25.8 kg lighter than were calves
receiving pyrantel.

PYRANTEL FMB MB CONTROL

Treatment

A
ve
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ge

 d
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ly
 g

ai
ns

 (
g)

0
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0
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0
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0

219.7
199.5 216.1

168

(a) (b)P  = 0.836

PYRANTEL FMB MB

255.7

211.5
231.5

 P  = 0.794

Fig. 1. Average daily gains observed in (a) cattle and (b) buffalo calves receiving pyrantel,
fenbendazole-medicated molasses blocks (FMB), non-medicated molasses blocks (MB) and no
blocks (control) during a field trial conducted in Lao PDR in 2016. P-values generated from
univariable generalised linear mixedmodels where village and farmer were random effects. Error bars
show �s.e.

Table5. Predictors in final multivariable models for Toxocara vitulorum faecal eggs per gram (EPG) and weight in cattle calves <4 months of age
during a field trial conducted in Laos, 2016

b, regression coefficient; s.e. b, s.e. of b; exp(b), back-transformed b; s.e. exp(b), standard error of back-transformed b; control, no blocks; FMB,
fenbendazole-medicated molasses blocks; MB, non-medicated molasses blocks; and BCS, body condition score

Variable Level b s.e. b exp(b) s.e. exp(b) P-value

EPG
Intercept – 4.03 1.00 56.39 56.46 0.005
Treatment Control 0 – 1 – 0.939

Pyrantel 0.18 1.43 1.20 1.72
FMB 0.67 1.15 1.96 2.25
MB 0.70 1.41 1.95 2.74

Day – 0 – 1 0.01 0.011
Treatment · Day Control 0 – 1 – 0.062

Pyrantel –0.01 0.01 0.99 0.01
FMB –0.01 0.01 0.99 0.01
MB –0.02 0.01 0.98 0.01

Weight (kg)
Intercept – 0.468
Treatment Control 0 – 0.192

Pyrantel 3.24 3.47
FMB –2.62 2.67
MB 0.33 3.47

Age at Day 0 (months) – 7.36 0.79 <0.001
Log Strongyle EPG – –0.07 0.04 0.068
BCS – 6.52 1.62 <0.001
Day – 0.17 0.01 <0.001
Treatment · Day Control 0 – 0.002

Pyrantel 0.05 0.02
FMB 0.02 0.01
MB 0.06 0.02
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Descriptive FEC, EPG, weight and FBZ-consumption
results from the 2018 trial

In the early dry season of 2018, T. vitulorum prevalence was
35.6% (95% CI 27.4–43.8) in cattle calves (n = 46) and
all three villages were exposed. In positive calves, EPG
(mean � s.d.) was 1180.8 � 2208.4 (range = 40–8640) and
the mean age at Day 0 was 2.2 � 1.1 months. Proportions of
FEC-positive calves, their mean EPG, weight and FECR at
Days 0, 14, 28 and 56 are presented (Table 7). In summary,
26.1–85.7% of calves were FEC positive across the treatment
groups at Day 0 and mean EPGs ranged from 382.3 to 951.4.
FEC prevalence did not differ significantly among treatments
at Day 0 (P = 0.268), but mean EPG did, being the lowest in the
MB group (P = 0.048). FEC prevalence and EPG did not differ
significantly (P > 0.1) across the treatment groups for the
remainder of the trial. Calves receiving FMB and MB
consistently trended downward in both FEC prevalence and
mean EPGs. While both variables trended down in the control
group from Day 0 to Day 28, both increased from Day 28 to
Day 56. Average weight was ~10 kg higher in control calves at
Day 0 than in FMB and MB calves (27.4–28.9 kg), but this was
not deemed significantly (P > 0.1) different at any time point.

Cattle from a subset of five farmers receiving either FMB or
MB consumed, on average, 6204.8 g and 6580.0 g of blocks
respectively, over the course of the trial. This was equivalent to
3.1 g of FBZ. The five farmers all reported that they were
interested in purchasing the blocks because it helped manage
their stock and improved herd health. All farmers believed that
their calves had T. vitulorum and two were providing
medication which cost US$1.30 and US$6.10 per calf
respectively.

Multivariable LMM analysis from the 2018 trial

The interaction between treatment and day had significant
effects on EPG and weight in the final multivariable LMM
(Table 8). FMB and MB calves experienced decreased EPGs at
a rate of 3% per day, while control calves remained constant
(P = 0.007; Fig. 3). For weight, FMB and MB calves gained
weight at a faster rate than did control calves (Fig. 3). This was
predicted to be an additional 10 g and 50 g per day compared
with control calves respectively, which had an ADG at 150 g
(P = 0.005). Age at Day 0 was also a significant predictor with
each additional month of age at trial enrolment associated with
an average 12.5-kg increase in weight.
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Fig. 2. The interaction effect of treatment and day on (a) mean faecal Toxocara vitulorum eggs per gram
(EPG) and (b) weight from final multivariable linear mixed models generated from a trial that exposed
cattle calves of <4 months old for 48 days to no blocks (control), pyrantel, fenbendazole-medicated
molasses blocks (FMB) and non-medicated molasses blocks (MB) in Laos, 2016.

Table 6. Predictors in finalmultivariablemodels forToxocara vitulorum faecal egg counts (FEC), eggs per gram
(EPG) and weight in buffalo calves <4 months of age during a field trial conducted in Laos, 2016

b, regression coefficient; s.e. b, s.e. of b; exp(b), back-transformed b; s.e. exp(b), standard error of back-transformed
b; control, no blocks; FMB, fenbendazole-medicated molasses blocks; MB, non-medicated molasses blocks; and

BCS, body condition score

Variable Level b s.e. b exp(b) s.e. exp(b) P-value

EPG
Age at Day 0 (months) – –0.28 0.11 0.76 0.09 0.016

Weight (kg)
Day – 0.27 0.02 <0.001
Estimated value (US$) – –0.02 0.01 0.022
Treatment Pyrantel 0 – 0.029

FMB –17.71 8.45
MB –25.78 9.23
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Changes in calf value over time per treatment in the 2016
and 2018 trial

In 2016, estimated cattle value at the end of the trial ranged
from US$239 to US$281 (Table 9). Overall, the MB group had
the largest increase in value of 40%, which represented an
increase of US$80, while the control group had the lowest
increase of 13% or US$30. For buffalo, estimated value at Day
48 ranged from US$231 to US$281, with the pyrantel group
having the largest increase of 42%, which represented an
increase of US$84. The FMB group had the lowest increase

in value of 4.3% or US$10. In 2018, estimated value at Day 56
ranged from US$143 US$277. The control group had the largest
price increase of 9%, which represented an increase of US$22,
while FMB calves decreased in value by 14% or US$23.

Descriptive FEC, EPG and weight results from the 2015
pilot study

In the early wet season of 2015, T. vitulorum prevalence was
23.1% (95% CI 0.2–46.0) in cattle and buffalo calves. In FEC-
positive calves, the EPG (mean � s.d.) was 293.3 � 210.1

Table 7. Toxocara vitulorum faecal egg count (FEC), mean eggs per gram (EPG), FEC reduction (FECR) and
weight in cattle calves receiving fenbendazole-medicatedmolasses blocks (FMB), non-medicatedmolasses blocks

(MB) and no blocks (control) during a field trial conducted in Lao PDR, 2018
Values are means � s.d.; +ve, positive

Variable Day FMB MB Control P-value
(n = 14) (n = 9) (n = 23)

Number of FEC +ve
(% in parentheses)

0 12 (85.7) 6 (66.7) 6 (26.1) 0.268
14 7 (50.0) 5 (55.6) – 0.775
28 3 (23.1) 4 (44.4) 3 (13.0) 0.647
56 3 (21.4) 2 (22.2) 6 (26.1) 0.916

Mean EPG 0 951.4 ± 2282.4 382.2 ± 656.2 503.5 ± 1571.5 0.048
14 431.4 ± 928.5 177.8 ± 298.7 – 0.849
28 157.1 ± 397.1 57.8 ± 116.8 19.1 ± 79.2 0.239
56 60.0 ± 142.7 17.8 ± 29.1 163 ± 372.8 0.783

FECR 28 99.4 99.4 –

56 98 98 –

Mean weight (kg) 0 27.4 ± 9.2 28.9 ± 16.3 39.3 ± 9.9 0.804
14 28.3 ± 8.9 29.2 ± 16.4 – 0.554
28 30.9 ± 8.5 32.1 ± 16.8 42.4 ± 9.9 0.822
56 36.3 ± 9.0 38.9 ± 16.5 47.6 ± 9.5 0.788

Table 8. Final multivariable models for Toxocara vitulorum faecal egg counts (FEC), eggs per gram (EPG) and
weight in cattle calves <4 months of age during a field trial conducted in Laos PDR, 2018

b, regression coefficient; s.e. b, s.e. of b; exp(b), back-transformed b; s.e. exp(b), standard error of back-transformed b;
control, no blocks; FMB, fenbendazole-medicated molasses blocks; and MB, non-medicated molasses blocks

Predictor Level b s.e. b exp(b) s.e. exp(b) P-value

EPG
Intercept 3.11 0.38 22.3 8.52 <0.001
Treatment Control 0 – 1 – 0.211

FMB 1.93 0.62 6.89 4.26
MB 0.81 0.62 2.26 1.41

Day 0 0.01 1 0.01 <0.001
Treatment · Day Control 0 – 1 – 0.007

FMB 0.03 0.01 0.97 0.01
MB 0.03 0.01 0.97 0.01

Weight (kg)
Intercept –1.06 4.96 0.240
Treatment Control 0 – 0.307

FMB 5.00 6.83
MB 16.08 6.16

Age at day 0 (months) 12.50 0.69 <0.001
Day 0.15 0.01 <0.001
Treatment · Day Control 0 – 0.005

FMB 0.01 0.01
MB 0.05 0.01
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(range = 40–500). At pre-treatment, the MB (n = 11) and FMB
(n = 2) groups were of similar ages (mean � s.d.) of 2.5 � 0.8
and 2.5 � 0.7 months respectively. Calves from MB and FMB
treatments had low EPGs at pre-treatment of 45.4 � 150.8 and
190 � 155.6, which decreased to 0 by Days 18 and 7
respectively (Fig. 4). EPGs remained low (<7 EPG) and no
calves were FEC positive by Day 48. FEC status and mean
EPGs did not differ significantly (P > 0.1) between MB and
FMB groups at any day of the trial. Weight did not differ
significantly (P = 0.113) at pre-treatment among the treatment
groups, with a mean � s.d. weight of 99.4 � 34.9 kg in the MB
group and 57.0 � 7.1 kg in the FMB group. Mean calf weight
was higher in the MB than in the FMB group at Day 7
(P = 0.070), Day 18 (P = 0.031) and Day 28 (P = 0.061;
Fig. 4). This was reflected in a higher ADG of 905.6 � 545.1 g
in the MB group than the 387.8 � 173.2 g in the FMB group.

Discussion

Three field trials conducted in situ from 2015 to 2018, operating
under the challenges of remote settings, lacking infrastructure

and with animals owned and maintained at subsistence by
smallholder farmers, have developed a baseline understanding
of the feasibility of FMB to address uncontrolled T. vitulorum in
upland Laos. The administration of FMB and MB with
instructions to farmers in the dry season for continuous
provision to the herd for 48–56 days decreased the predicted
mean EPG (P = 0.062, P = 0.005) in comparison to calves not
receiving blocks. The blocks also significantly increased
predicted ADG that was comparable to the effect of pyrantel
relative to control calves (P=0.002,P=0.005). This showed that
a combination of anthelmintic and nutrient supplementation can
reduce environmental contamination andburdens ofT. vitulorum
during the calving season, while promoting cattle calf growth.
This will likely decrease morbidity and mortality, plus reduce
postpartum anoestrus by improving nutrition for lactating cows,
potentially leading to improved reproductive efficiency. The
positive observations by farmers of the effects of the blocks
on herd health and ease of herd management appeared to have
incentivised block adoption in this low-input tropical
smallholder production system, although further work is
needed to optimise block formulations.
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Fig. 3. The interaction effect of treatment and day on (a) mean Toxocara vitulorum faecal eggs per gram
(EPG) and (b) weight from final multivariable linear mixed models generated from a trial that exposed
cattle calves of <4 months old for 48 days to no blocks (control), fenbendazole-medicated molasses blocks
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Table 9. Estimated sale price (US$) of calves receiving pyrantel, fenbendazole-medicated molasses blocks
(FMB), non-medicated molasses blocks (MB) and no blocks (control) during field trials conducted in Laos in

2016–2018
Values are means � s.d.

Day Variable Pyrantel FMB MB Control

2016
0 Cattle 181.8 ± 85.9 203.1 ± 84.1 201.2 ± 79.0 237.9 ± 54.5
48 238.6 ± 87.6 247.4 ± 79.4 281.3 ± 54.5 268.1 ± 48.9

Price change +56.8 +44.3 +80.1 +30.2
% increase 31.2 21.8 39.8 12.7

0 Buffalo 197.9 ± 83.6 221.2 ± 90.6 236.1 ± 97.7 –

48 281.3 ± 77.7 230.8 ± 86.1 277.8 ± 83.3 –

Price change +83.4 +9.6 +41.7 –

% increase 42.1 4.3 17.7 –

2018
0 Cattle – 166.1 ± 98.0 152.8 ± 55.1 255.4 ± 49.5
56 – 142.9 ± 21.2 159.7 ± 55.1 277.2 ± 52.7

Price change – –23.2 +6.9 +21.8
% increase – –14.0 4.5 8.5
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The study confirmed that T. vitulorum prevalence is high in
upland Laos. Prevalence ranged from 23.1% to 35.6% in cattle
and buffalo calves in both the wet and dry seasons and was
comparable to that in a 2009–2010 study where peak
prevalence occurred in 3–10-week-old calves sampled in the
dry season at 37.5% (22.6% overall; Rast et al. 2013). Our
study supports trends that prevalence is higher in the dry
season, with the average EPG of 293.3 � 210.1 of FEC-
positive calves being lower in samples collected in the wet
season than the 1180.8–3486.1 in cattle and 4390.9 in buffalo
sampled in the dry season. This contradicts epidemiological
observations of T. vitulorum infestations from other countries
where the increased environmental moisture of the wet
season should favour egg survival and subsequent adult
contamination (Roberts 1992; Starke-Buzetti 2006). In
northern Laos, there is lower frequency of calving in the
wet season, with <20% of total calving in that period
(Matsumoto et al. 2017), which is likely to reduce
environmental contamination, leading to fewer maternal
infections. Further, the occurrence of peak calving from
October to December (Matsumoto et al. 2017), shortly after
peak rainfall from August to September (Baird 2011), is likely
to be conducive to larvae migrating to mammary glands after a
period of dormancy in dam tissue (Starke-Buzetti 2006),
particularly as in upland Laos, rain showers commonly
persist in the early to mid-dry season. Although this trend
requires substantiation, these are important implications on
development projects, with programs aiming to promote wet-
season calving to maximise green-fodder availability. As wet-
season calving is likely to both improve calf growth plus
increase the risk of clinical toxocariasis, anthelmintic
interventions become increasingly important. Hence, further
investigation of appropriate anthelmintic treatments for
smallholders will be integral to enhance large-ruminant
reproductive efficiency in Laos.

Anthelmintic treatments can be assessed for effectiveness
on the basis of a two-stage data-analysis procedure of
significant statistical differences between treated and control
groups and efficacies of >90% (Vercruysse et al. 2001). The
results supporting the effects of blocks in cattle were the FECR

in FMB and MB treatments in 2018 being >95%, at 28 and
56 days after block exposure (Table 7). Additionally, there
were positive effects of treatment on T. vitulorum EPG in 2016
(P = 0.062) and 2018 (P = 0.007), where FMB and MB calves
had daily decreases in EPG of 1–3% relative to control calves,
which remained constant. Treatment also had significant
effects on cattle weight in 2016 (P = 0.002) and 2018 (P =
0.005), where FMB and MB calves had ADGs 10–60 g higher
than did control calves. These findings support that FMB and
MB should be considered to assist in managing uncontrolled
endemic T. vitulorum, particularly where there is a risk that
administration of pyrantel is likely to fail (Rast et al. 2014).

It is noted that in these trials, the use of the blocks appeared
less efficacious than were pyrantel or various anthelmintic
treatments used in similar studies. In 2016, FECR was <90%
efficacious at 81.2% and 83.1%, 7 and 28 days after FMB-
block exposure and 82.2%, 91.5% and 73.0%, 7, 28 and
48 days after MB-block exposure in cattle calves
(Table 3). This was a lower efficacy than that of pyrantel,
which reached 100% efficacies 7 days after exposure. The
efficacies were also not comparable to subcutaneously
administering ivermectin, doramectin or moxidectin, dosed
at 0.2 mg/kg, which can achieve FECR of 99.9%, 98.8% and
99.6% 8 days following treatment in dairy calves (Avcioglu
and Balkaya 2011). The lower FECR results in the 2016 trial
probably reflect the variable FBZ intake, which was dependent
on the amount of FMB consumed. This potentially explains
why FMB and MB groups had initial decreases in prevalence
that coincided with increased average EPG in 2016. While
calves with subclinical infections potentially had adequate
doses of FBZ, calves with severe infections may have been
shy-feeders and may have received inadequate doses of
FBZ. This is consistent with the inefficient use of
anthelmintics having negligible effects on toxocariasis
(Roberts 1992), although still reducing the environmental
build-up of parasite eggs. Due to co-reared adults also
accessing blocks, estimated cumulative calf FBZ intake was
unreliable and future assessments of calf intake are still
needed. This could be executed by individually penning
calves, weighing blocks hourly, and removing once a

0

25

50

75

100

70 18 28 48

F
E

C
 p

os
iti

ve
 (

%
)

0

50

100

150

70 18 28 48

Day

M
ea

n 
E

P
G

*
*

*

75

100

125

150

70 18 28

M
ea

n 
w

ei
gh

t (
kg

)

Treatment FMB MB

Fig. 4. Proportion of Toxocara vitulorum faecal egg count (FEC)-positive calves, the mean eggs per gram (EPG) and mean
weight of calves aged <4 months and receiving fenbendazole-medicated molasses blocks (FMB; n = 2) and non-medicated
molasses blocks (MB; n = 11) during a field trial conducted in Laos, 2015. *P < 0.1.

2040 Animal Production Science L. Olmo et al.



cumulative dose of 5 mg FBZ/kg of bodyweight is achieved
(Blagburn et al. 1987). As this style of regimented block
consumption is impractical in situ, in addition to optimising
the dose, further research must identify strategies to prevent
underdosing of calves which may contribute to the
development of anthelmintic resistance (Sutherland and
Leathwick 2011), for the blocks to be viable. Providing
additional instructions to farmers to mediate block intake to
include shy-feeders may be a starting point.

In buffalo, pyrantel was the only effective treatment on the
basis of the mean EPG decreasing rapidly from 3763 on Day 0
to 0 on Day 48. The lack of a downward trend in the average
EPG over time in FMB and MB groups was probably related to
two calves from Paksi village developing pathogenic infections
during the trial. Further, a confounding factorwith thebuffalo trial
was that calves from villages that were randomly allocated
pyrantel treatment were a mean of 25.7 kg heavier than calves
in villages allocated to FMBandMB treatments onDay 0.Hence,
it is possible that the inclusion of village as a random term in
univariable analysis accounted for substantial variability,
resulting in no significant differences in mean EPG among
treatments (Table 4). Although, the fact that weights differed
significantly on Days 0 and 28 among the treatments but not
on Day 48, suggests that FMB and MB had positive impacts
on calf growth. Due to year-round calving and unrestricted
animal movement resulting from a lack of fencing, ensuring
conformity among the treatment groups will remain a
challenge for in situ field trials in Laos. Future studies
should invest in pre-screening of buffalo calf weight and
consideration of conducting co-studies on research farms if
available.

The poor underlying nutrition of calves may explain the
observed benefits of MB in lowering T. vitulorum prevalence.
In 2016, calves in the MB group experienced a reduced
prevalence, from 34.4% on Day 0 to 15.6% by Day 48,
and, in 2018, from 66.7% prevalence to 22.2% respectively,
and MB calves had ADGs comparable to pyrantel calves. This
has been previously demonstrated in Laos, where MB had
therapeutic benefits on the internal parasite Fasciola gigantica
by reducing FEC prevalence from 28.9% to 18.96% during
12 weeks post-block exposure in adult cattle (Windsor et al.
2019). To enhance nutritional benefits, the addition of urea to
block composition should be considered in future trials, so as
to enhance rumen efficacy through nitrogen supplementation
and the digestibility of rice straw (Schiere et al. 1989; Waruiru
et al. 2003). Additionally, future research should investigate
the benefits of feeding unmedicated-UMB in the dry season
when nutritional availability is the lowest. In developing
countries, this can result in significantly increased milk
yield, dietary intake, weight, and significantly reduced
postpartum anoestrus in lactating indigenous cattle (Duressa
and Bersissa 2016; Lawania and Khadda 2017). This will also
eliminate the risks of anthelmintic resistance developing,
which will be an important future consideration, although,
currently, the likelihood of FBZ resistance is low as
anthelmintic use is not widely implemented in Laos (Rast
et al. 2013). However, in areas heavily infected with
T. vitulorum, the addition of anthelmintics to urea
incorporated nutrient blocks should be assessed.

Several weight trends were reflected in increased sale-price
estimates, indicating cost benefits of using blocks compared
with no blocks. However, the few inconsistencies observed
between weight and estimated price could be explained by the
current method of livestock valuations in Laos. These are
based on visual assessments of expected meat yield rather than
body condition scoring (Nampanya et al. 2015). The increases
in cattle calf value associated with block use in 2016 of an
additional US$14–50 provide a preliminary guideline of the
maximum cost per animal to establish a financial incentive for
adoption. However, current farmer expenditure of US$1.3–6.1
to treat T. vitulorum may be a more realistic target.
Establishing a block-manufacturing facility in Laos where
molasses is readily available is very likely to lower block
prices and improve accessibility of smallholders to this
technology.

Five farmers involved in the 2018 trial confirmed that they
would be willing to purchase the blocks to improve herd
management and health on their farms, supporting the
notion that blocks may be an accepted intervention in low-
input settings. Overcoming incorrect drug administration will
likely remain a challenge (Rast et al. 2014), although a
variable dosage intake that leads to parasite suppression
may be a more sustainable approach to toxocariasis control
than is attempting to eradicate the parasite from the herd.
Building long-term knowledge is recommended, especially as
calf mortality and morbidity risk reduces by half when farmers
have just ‘a little’ disease knowledge (Rast et al. 2014). This
should include recommendations to remove calf faeces from
animal housing regularly, and, at a minimum, weekly, a
practice currently being performed by less than 40% of
smallholders (Olmo et al. 2019). Training farmers in faecal-
egg counting could also be considered in future trials, because
in areas with limited veterinary infrastructure, the technique
has shown to engage livestock producers with animal-health
knowledge (Bronsvoort et al. 2017).

Due to limited research infrastructure in Laos, it was
necessary to conduct these trials in situ. This resulted in
considerable variability in age among calves across villages
from uncontrolled calving periods, variability of T. vitulorum
prevalence, unrestricted animal movement within villages
and poor underlying nutrition during the three trials.
Recommendations to improve future studies include
conducting field trials at research farms if available,
ensuring that nutrition is not a constraint and that the
blocks are fed in a more rigorous manner to ensure uniform
dosing of FBZ. Animals should be pre-tested and eliminated
from the trial if their parasite burden is too low or weight and
age are not within reasonable thresholds. For future in situ
trials, studies should instruct farmers to mediate the intake of
shy-feeders and promote adoption of complementary practices
such as removing calf faeces regularly. Future trials need to
continue developing trusting working relationships with
smallholders to incentivise participation developed through
ongoing support. As both FMB and MB demonstrated
potential to reduce T. vitulorum burdens and improve ADG
in smallholder farms in Laos under normal field conditions,
future studies should continue to investigate both options. The
MB treatment alone or with the addition of urea may be
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sufficient to improve underlying nutrition, leading to improved
health outcomes without the risk of anthelmintic-resistance
developing, while FMB may be valuable for further
exploration in areas with pathogenic T. vitulorum burdens
and where conventional anthelmintics have failed.
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