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Highlights






The Cambodian humid tropical climate is conducive for helminth infections in cattle
Helminthiasis causes high morbidity especially in cattle under nutritional stress
Village cattle may benefit from anthelmintic treatment and/or protein supplementation
A short term effect of anthelmintic treatment on parasitological parameters was observed
The added value of protein supplementation was unclear from the current study

Abstract
Helminth infections are the cause of morbidity in Cambodian cattle but other factors such as
nutritional deficiencies and concurrent diseases may enhance the effects of parasites. The present
study aimed to investigate the impact of anthelmintic treatment, feed supplementation, or both on
gastrointestinal strongyle (GIS) and trematode infections as well as on morbidity parameters in
Cambodian village cattle. At the beginning of the dry season, cattle populations in six villages
were randomly assigned to a group: (A) receiving anthelmintic treatment (ivermectin +
clorsulon) at week 0; (P) feed pellet supplementation during week 0 to 13 or both (AP). On five
visits (week 0 to 29), faecal and blood samples were obtained for parasitological examination
and haematocrit determination, respectively. Body condition (BCS), hind quarter fouling
(HQFS), diarrhoea (DS), and conjunctiva colour (FAMACHA©) were scored and heart girth
circumference was determined. To investigate the impact of treatment over time (week 0 to 29),
a mixed model was used with treatment, time, and their interaction as fixed effects, and animal
and village as random factors. At baseline, the proportion of GIS positive animals was high
(67.9%), whereas trematode infections were low (Paramphistomum: 8.8%; Fasciola: 2.6%).
Very thin to emaciated cattle (BCS 1-2) were more prevalent (11.4%) and FAMACHA© scores
of ≤ 3 or below (65.8%) less prevalent than in an earlier study in the region. A Time ⨯
Treatment interaction was present for faecal egg counts (FEC) of GIS, GIS prevalence (both p
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<0.0001), PCV (p = 0.0034), DS (p = 0.0086) and HQFS (p = 0.0241). For GIS FEC, treatment
groups differed at a specific time point, with levels of treatment group P being higher than in A
at week 6 (p = 0.0054). For Paramphistomum prevalence as well as FAMACHA© scoring, heart
girth and BCS, the interaction between treatment and time was not significant, yet, time in itself
had a significant impact on all (p <0.0001). The beneficial effects of protein supplementation
were unclear from the current study.
Keywords: cattle, Cambodia, gastrointestinal nematodes, Fasciola, nutrition, anthelmintic
treatment, morbidity

1. Introduction
Infections with gastrointestinal nematodes and trematodes are detrimental for cattle health and
production (Loyacano et al., 2002; Vercruysse and Claerebout, 2001). Infected animals most
commonly suffer from anorexia (Coop and Holmes, 1996), concomitant ill-thrift (Loyacano et
al., 2002; Vercruysse and Claerebout, 2001) and diarrhoea (Jones et al., 2009), whilst others also
suffer from anaemia (Díaz et al., 2006; Lotfollahzadeh et al., 2002; Van Aken et al., 1997),
These symptoms obviously affect farmers’ profits and have an economic impact (Magaya et al.,
2000). Therefore, the early yet cost-effective treatment and thus identification of animals
potentially benefitting from this treatment is paramount. In most cases, traditional parasitological
analyses are used as decision-tools for treatment. However, some studies have advocated the use
of morbidity parameters related to these infections (e.g., body condition and faecal consistency
scoring) as quick and easy methods to detect infected animals (Vercruysse and Claerebout,
2001).
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In Cambodia, as in many tropical countries, cattle production is low due to poor nutrition and
management as well as the presence of endemic diseases. Important diseases for cattle in the
country are foot-and-mouth-disease, haemorrhagic septicaemia and blackleg (Clostridium
chauvoei) in addition to both external and internal parasites (Young et al., 2014). Climatic
conditions favour year-round development and transmission of infective parasite stages (Tum et
al., 2007). Not surprisingly, infections with gastrointestinal nematodes and trematodes are thus
highly prevalent in the country (Dorny et al., 2015, 2011; Sothoeun et al., 2006). An abattoir
study in Kandal province revealed 35.9% to 42.9% of livers being damaged because of immature
liver flukes during the dry season (Sothoeun et al., 2006), whereas Tum et al. (2007) found
Fasciola infections to range between 0 and 85% in 11 provinces in the country. In a large scale
study on bovine helminth infections in the Pursat and Kampong Speu provinces, Dorny et al.
(2011) reported 37-52% of sampled cattle being positive for gastrointestinal nematodes, most
commonly for Cooperia spp. Infections with Fasciola and Paramphistomum were detected in 520% and 45-95% of cattle, respectively (Dorny et al., 2011). In the same study, a lower BCS was
found to be associated with the presence of gastrointestinal nematodes and Fasciola whereas a
soft faecal consistency was associated with Paramphistomum infections (Dorny et al., 2011).
Next to helminth infections, nutritional stress and extensive farm practices also affect the general
condition of animals and morbidity parameters. In a survey conducted in several agro-ecological
zones in Cambodia, lack of good quality feed resources was mentioned as one of the major
constraints among cattle owners (Samkol et al., 2015). Banana stem, rice straw and bran were
commonly used as supplementary feeds but contained low levels of protein (5.6%, 8.3% and
4.0%, respectively) (Samkol et al., 2015). Nematode infected ruminants have higher protein
requirements, caused by anorexia, the predominant effect of helminth infections (Coop and
4

Holmes, 1996) and by increased endogenous losses in the gastrointestinal tract. In sheep protein
supplementation does not influence the establishment rate of nematode infections, however, it
enhances immunity acquisition, and reduces the pathophysiological consequences of the
infection (Coop and Holmes, 1996).
Few studies have investigated the potential benefits of protein supplementation and anthelmintic
treatments in cattle in a tropical environment. In a study in Zimbabwe, protein supplementation
and anthelmintic treatment in cattle resulted in higher weight gains than in cattle receiving an
anthelmintic treatment only. Between those groups, no significant differences could be observed
in faecal worm egg counts and haematocrit (Magaya et al., 2000).
The aim of this study was to compare the long-term effects of anthelmintic treatment and protein
supplementation on infection levels of gastrointestinal nematodes and trematodes as well as on
morbidity parameters under practical circumstances: namely in traditionally reared cattle in six
villages in Cambodia.

2. Materials and Methods
2.1.Study setting & area
In South-West Cambodia, six villages in two provinces (Pursat and Kampong Chhnang) were
enrolled in a longitudinal study. The selected villages had similar mixed crop-animal farming
and management systems, representative for the region, as described by Dorny et al. (2011). ,
During the rainy season (May until October), cattle are mainly tethered and fed using cut-andcarry methods. Conversely, in the dry season (November until April), communal grazing is
mainly practised during the day (Dorny et al., 2011), while overnight, cattle are gathered and
receive supplemental feeds, mainly rice straw. As animals were observed to suffer most from
5

nutritional stress at the end of the dry season (Dorny et al. 2011; Sothoeun et al., 2006), the
current study opted to cover the entire dry period: it started in November 2010 (start dry season)
and lasted until June 2011 (early rainy season).
2.2.Village selection & treatment allocation
Within each province, cattle populations were randomly assigned to one of the following
treatments per village: i) individual dietary protein supplementation (P) according to the
manufacturers’ instructions with commercially available feed pellets (21% crude protein) (CP
Cambodia Co, LTD, Kandal Province, Cambodia) during 13 weeks subsequent to trial initiation
(week (wk) 0 to 13); ii) an injection with the anthelmintic (A) Ivomec F ® (ivermectin at 200
µg/kg BW and clorsulon at 2 mg/kg BW, Merial Animal Health, Brussels, Belgium), at the start
of the experiment (wk 0); or iii) both (AP). All animals of six months or older received the same
treatment in each village. The project and treatment procedures were introduced by means of
information sessions in the villages and veterinary assistants regularly visited all villages.
2.3.Sampling & scoring
Each village was visited five times, at six to nine weeks intervals (in wk 0, 6-7, 13, 21-22 and
28-29). At each visit, all available cattle of at least six months old were sampled for blood and
faeces. Faecal samples were rectally obtained and kept cool until analysis within 48h after
collection, whereas blood was obtained from an auricular capillary into micro-haematocrit tubes.
Additionally, a body condition score (BCS) was given using a one-to-five scale (Wildman et al.,
1982), describing an emaciated (1) to a very good condition (5) (Wildman et al., 1982). Scores
were also given for the presence of diarrhoea: diarrhoea score (DS), using a one-to-three scale
(normal (1) to watery (3) faeces), and hind quarter fouling score (HQFS), using a one-to-three
scale (clean (1) to dirty (3) hindquarters). The FAMACHA© eye colour chart was used to
6

describe conjunctiva colour on a one-to-five scale, from red (1) to white (5) (Malan et al., 2001).
The hearth girth circumference of the animals was also measured, as a proxy for body weight
(Lesosky et al., 2012).
2.4.Sample analysis
The haematocrit was determined in blood samples by means of the micro-haematocrit method
and expressed in packed cell volume (PCV). The McMaster method was used on faecal samples
to determine individual nematode eggs counts (faecal egg counts, FEC) with a sensitivity of 50
eggs per gram (EPG) of faeces (Thienpont et al., 1986). The presence of trematode eggs in
faeces was assessed in animals above two years old using a qualitative sedimentation flotation
(zinc chloride) method (Charlier et al., 2008).
2.5.Statistical analysis
Descriptive statistics were used to summarize the data. A mixed model with the same base
structure was applied to each response variable was applied to examine the effect of treatment
over time. The fixed part of the full model contained treatment (𝛽𝑚 ), time (𝛽𝑡 ) and their
interaction (𝛽𝑚𝑡 ). We specified time as a factor, hence the model made no assumptions on the
pattern over time. The random part of the full model contained two random intercepts: the animal
effect (𝑏𝑎 ) and the village effect (𝑏𝑣 ). All random intercepts were assumed to be independent and
identically distributed and follow a zero mean normal distribution with variances 𝜎𝑎2 and 𝜎𝑣2 . The
sum of the fixed and random parts yielded 𝜂𝑚𝑡𝑣𝑎 : the expected value on the link scale for animal
𝑎 in village 𝑣 with treatment 𝑚 at time 𝑡.
Continuous variables (PCV, heart girth circumference) followed Gaussian distribution with
identity link. Count variables (GIS) followed a negative binomial distribution with log link,
7

whereas binary variables (Paramphistomum, Fasciola) followed a binomial distribution with
logit-link. For ordinal response variables (FAMACHA©, HQFS, DS, BCS), cumulative link
mixed models were used.
Based on the full model, we sequentially tested three hypotheses:.
1.

𝐻0 : 𝛽𝑚𝑡 = 0: no evidence for a treatment-time interaction

2.

𝐻0 : 𝛽𝑚 = 0: no evidence for a treatment effect

3.

𝐻0 : 𝛽𝑡 = 0: no evidence for a time effect

The sequence was stopped in case the null hypothesis was rejected at the 𝑝 < 0.05 level. All
hypotheses were evaluated using a likelihood ratio test between nested models. In case a
significant treatment-time interaction was found, a post-hoc pairwise comparison among
treatments was done at each time point.
Due to a very low frequency of extreme values, some categorical variables were recoded for
modelling purposes (i.e., the inclusion of all values would lead to an unstable model).
FAMACHA© scoring was relabelled as follows: “Optimal to acceptable” (FAMACHA© = 1 or
2), “Borderline” (FAMACHA© = 3), and “Dangerous to fatal” (FAMACHA© = 4 or 5). Hind
quarter fouling scores were relabelled as follows: “Clean” (HFQS = 1) and “Moderate to severe
fouling” (HQFS = 2 or 3), and the diarrhoea scores as follows: “Normal faeces” (DS = 1), and
“Loose to watery faeces” (DS = 2 or 3). Finally, the BCS was relabelled as follows: “Emaciated
to poor condition” (BCS = 1 or 2), “Borderline to good condition” (BCS = 3 or 4) and “Very
good condition” (BCS = 5). The prevalence of Fasciola was too low to be modelled in all groups
and was thus excluded from further analysis.
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All analyses were performed in R 3.2.5 (R Core Team, 2016) with the glmmADMB package
(Fournier et al., 2012; Skaug et al., 2012) to fit all models except the cumulative link models fit
with the ordinal package (Christensen, 2015). The datasets were prepared with the dplyr package
(Wickham and Francois, 2016) and plotted with the ggplot2 package (Wickham, 2009).

3. Results
Characteristics of cattle enrolled in the trial as well as prevalences of gastrointestinal strongyles
(GIS), Paramphistomum and Fasciola per treatment group at wk 0 (start dry season) and wk 29
(early rainy season) are presented in Table 1. The prevalence of GIS decreased over the
experimental period in all treatment groups. The Paramphistomum prevalence increased between
wk 0 and wk 29 in treatment groups A and AP, whereas such an increase seemed to be absent in
the P group. The prevalence of Fasciola decreased or remained at a low level in all groups. An
overall summary of FEC of GIS and morbidity parameters per treatment at wk 0 and wk 29 is
given in Table 2. Average FECs decreased over the experimental period in all treatment groups.
Levels of PCV remained fairly constant in all treatment groups, while the average FAMACHA©
score decreased between the beginning and end of the experiment. Average HQFS and DS
decreased, indicating the presence of drier faeces. The heart girth circumferences as well as BCS
increased over the experimental period, indicating a weight gain.
Table 3 presents the significance of terms in the tested models. The most complex models were
maintained for FEC of GIS, GIS prevalence, PCV, DS and HQFS. For these variables, a
significant Time ⨯ Treatment interaction was thus observed. Levels of GIS FEC in treatment
group P were higher than in other groups at wk 6 (p-value post-hoc treatment A vs. P = 0.0054;
p-value post-hoc treatment AP vs. P = 0.0695) (Fig. 1), but decreased over the experimental
9

period. For A and AP groups, GIS FEC levels decreased more sharply between wk 0 and wk 6,
but started to increase again afterwards. The same holds for the GIS prevalence (both p-value
Time ⨯ Treatment: <0.0001) (Fig. 2). Levels of PCV fluctuated throughout the experimental
period, but did not significantly differ between treatments at a certain sampling point (Fig. 3) (pvalue Time ⨯ Treatment: 0.0034). DS decreased over time in groups A and AP (Fig. 4), whereas
DS in group P increased with a peak in wk 21 and then decreased thereafter (p-value Time ⨯
Treatment: 0.0086). HQFS sharply decreased in all groups, especially in groups A and AP,
between wk 6 and 13. In the same groups, HQFS slowly increased again thereafter, whereas P
group HQFS remained fairly constant (Fig. 5) (p-value Time ⨯ Treatment: 0.0241) (p-values all
post-hoc for Time ⨯ Treatment: > 0.0500).
For Paramphistomum prevalence, FAMACHA© scoring, heart girth circumference and BCS, the
model without inclusion of Time ⨯ Treatment, or Treatment terms was the best fit for the data
available. Indeed, Paramphistomum infections remained fairly constant until they peaked in wk
21 (start of rainy season) and then decreased again in all groups (Fig. 6). For all groups,
FAMACHA© scores (Fig. 7) quickly decreased from wk 0 to wk 6, to remain fairly constant
thereafter. Heart girth circumferences (Fig. 8) increased throughout the study. Finally, BCS
increased over time in all groups, with a clear peak in wk 13 (Fig. 9) (all p-value Time: <0.0001).

4. Discussion
4.1.Baseline infection and morbidity status
At the start of the study (wk 0, November), the proportion of animals positive for GIS was higher
than in earlier work (GIS: 44% in young animals, 37% in adult cattle) in the same area at the
same time point (Dorny et al., 2011). In contrast, the proportion of Fasciola positive animals was
10

lower than in the studies of Dorny et al. (2011) (5-20%) and Sothoeun et al. (2006) (12%), but
similar than reported by Tum et al. (2007) in the same provinces (Pursat: 6%; Kampong
Chhnang: 3%). Levels of Paramphistomum infections were lower (45-95%) than in the study of
Dorny et al. (2011). Seasonal variations affect the levels of Fasciola and Paramphistomum
infections in cattle, with levels expected to increase during the dry season (Dorny et al., 2011;
Tum et al., 2007). Overall, cattle seemed to experience a greater challenge by nematode than
trematode infections in this study compared to earlier studies (Dorny et al., 2011; Sothoeun et al.,
2006).
While average baseline BCSs were similar, the frequency of very thin to emaciated cattle (BCS
1-2) was higher than in a previous study (BCS 1 or 2: 7.6%) (Dorny et al., 2011). Such poor
BCSs, which are expected to even deteriorate during the dry season (Dorny et al., 2011), leave
little reserves to withstand harsh climatic conditions. On the contrary, baseline ranges of PCV
were within normal levels reported for cattle (24-46%) (Aiello and Moses, 2016) and only two
animals had PCV levels below 24%, indicating anaemia. It is unclear whether this threshold is
also applicable for Cambodian cattle types, consisting mainly of local zebu and taurine
crossbreeds (Caramelli, 2006). Nevertheless, anaemia levels according to this threshold (1%)
were slightly lower compared to those in Cambodian cattle reported earlier (<3% cattle with
PCV <24%) (Dorny et al., 2011) and much lower than those in a study in West-Africa (25%
cattle with PCV <25%) (Grace et al., 2007) and Zambia (19% cattle with PCV <24%) (Marcotty
et al., 2008). Obviously, haemoparasites play a role in the occurrence of low PCV levels. In two
villages in Kampong Chhnang and Pursat, Alassane (2011) found very high levels of Anaplasma
spp. infections in adult cattle (91.3-100.0%) as well as high levels of Babesia bovis (12.5-39.1%)

11

and Theileria theileri (8.7-18.8%); however, the clinical importance of these findings was not
assessed. In the current study, we did not investigate the presence of haemoparasites.
As a fast and non-invasive haematocrit evaluation tool, the FAMACHA© eye colour chart was
developed in order to facilitate treatment decisions in sheep infected with the haematophagous
Haemonchus contortus (Malan et al., 2001). Its use in cattle to detected anaemia in relation to
nematode infections has been limited to few studies. In West-Africa, FAMACHA© scores of ≥4
had a sensitivity of 92.4% and specificity of 30.3% to detect anaemia (Grace et al., 2007). In the
current study, average baseline FAMACHA© scores were higher, and the frequency of
FAMACHA© scores of 3 or below (optimal (1) to borderline (3) levels) was lower than in earlier
work (FAMACHA© 2 or 3: 74.5%) in the area (Dorny et al., 2011). Thus, despite having similar
average PCV levels, FAMACHA© scores were higher in the current study in comparison with
earlier work (Dorny et al., 2011). The reasons for this disparity are unknown but could be due to
misinterpretation of the FAMACHA© scores or to the incorrect exposure of the ocular mucosa
(Maia et al., 2015). Average baseline DSs were similar, yet the prevalence of loose or watery
faeces was lower than in the previous study (57.3%) (Dorny et al., 2011).
4.2.Impact of treatment
The lack of an untreated control group can be considered as a limitation of this study. The
inclusion of such a control group was deemed unethical in the rural Cambodian circumstances.
Furthermore, we cannot exclude the presence of other pathogens interfering with the treatment
effects.
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4.2.1. Parasitic infections
In the Zimbabwean study of Magaya et al. (2000), fenbendazole bolus-treated cattle had lower
FECs than cattle without anthelmintic treatment at the end of the study (after 6 months), while no
difference could be observed between bolus-treated cattle with or without protein
supplementation. The same was true for the current study: at wk 6, cattle treated with
anthelmintics (A) had lower FECs than those supplemented with concentrates (P); no differences
could be observed between groups treated with anthelmintics with (AP) or without concentrate
supplementation (P). Not surprisingly, the supplementation of protein supplements alone was not
effective in decreasing FECs of GIS. However, at the end of the study, no differences in FECs
could be observed between any of the treatments. The study of Magaya et al. (2000) was
designed slightly different than the current study, namely, animals were treated twice with a slow
release bolus, and were supplemented with cotton seed meal throughout the study. The effect of
the treatment in the current study, i.e., a single ivermectin + clorsulon injection at wk 0,
supplementation with concentrates from wk 0 to wk 13, or both, was thus expected to be less
dramatic in comparison to the Magaya et al. (2000) study.
Despite seemingly clear visual patterns over time and a significant Time ⨯ Treatment
interaction, no significant differences between treatments could be observed at specific time
points for GIS prevalence. Furthermore, no interaction between treatment and time could be
observed for Paramphistomum infections, which is not unexpected because of the limited
efficacy of clorsulon against these parasites (Courtney et al., 1985). The cause of the peak in
Paramphistomum infections at the end of April (wk 21, towards the end of the dry season) and
fall afterwards is unclear, as in previous work a more continuous increase towards the end of the
dry season was observed (Dorny et al., 2011).
13

4.2.2. Morbidity parameters
Although significant Time ⨯ Treatment interactions for PCV, DS and HQFS were found, no
significant differences between treatments could be observed at specific time points. For PCV,
this is in contrast with the study of Magaya et al. (2000), where PCV levels were higher in the
anthelmintic treatment + protein supplementation group versus protein supplementation and
control groups. As mentioned before, the anthelmintic coverage in the study of Magaya et al
(2000) was extended as compared to our study. Also, the parasite challenge and fauna in cattle in
Cambodia and Zimbabwe is likely to be different, making comparisons speculative. In our study,
an increase in the occurrence of loose or watery faeces was observed at wk 21 in group P, but not
in groups A and AP, as measured by a DS of 2 or 3. Surprisingly, the occurrence of mild to
severe HQFS did not follow the same pattern as the DS. This indicates that the use of HQFS as
an alternative for DS should be done with care. FAMACHA© scores as well as BCS and heart
girth circumferences did not seem to be affected by treatment.
Overall, the lack of treatment effect on the investigated morbidity parameters over the time
period studied seems to indicate that there was no long-term added value of one treatment versus
the others for the general condition of cattle. However, the morbidity parameters improved over
the course of the dry season in all treatment groups, in contrast to earlier work (Dorny et al.,
2011). This could be an indication of a beneficial effect of the interventions used versus no
treatment at all, which should be further explored. As an alternative to supplementation with
concentrates and/or providing a strategic anthelmintic treatment at the start of the dry season, an
education and intervention programme, consisting of actions with regard to nutrition and
parasitic infections could be proposed to Cambodian cattle farmers. Indeed, programmes
including training of farmers on identifying parasitic diseases in cattle and on forage cultivation
14

and forage plot development caused promising improvement in smallholder cattle productivity as
well as on farmer knowledge (Nampanya et al., 2012; Young et al., 2014).
In conclusion, in the current study we aimed to investigate the impact of anthelmintic treatment
and/or protein supplementation on nematode and trematode infections as well as on morbidity
parameters in six villages in West-Cambodia. While treatment groups reacted differently over
time for GIS counts and prevalence, PCV, DS and HQFS, few differences at specific time points
could be identified. Results of this study indicate that no clear benefit could be expected from
protein supplementation during thirteen weeks with, or without a single anthelmintic treatment
versus the anthelmintic treatment alone on the long-term (29 wk) level of parasite infections and
morbidity status. However, in contrast to previous work, BCS and heart girths did increase over
the course of the dry season in all treatment groups, indicating that these treatments had a
positive impact on the general condition of cattle in the region.
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Figure captions
Fig. 1. Geometric mean faecal eggs counts (FEC) of gastro-intestinal strongyles (GIS), expressed
as eggs per gram (EPG) in cattle treated with anthelmintics (A) at wk 0, supplemented with
concentrates (P) from wk 0 to wk 13, or both (AP) in six villages in Cambodia. Wk 0: start of the
study, wk 29: end of the study. Data points represent fixed effects of the base model with
treatment, time, and their interaction as fixed effects, and animal and village as random factors.

Fig. 2. Prevalence of gastro-intestinal strongyles (GIS) in cattle treated with anthelmintics (A) at
wk 0, supplemented with concentrates (P) from wk 0 to wk 13, or both (AP) in six villages in
Cambodia. Wk 0: start of the study, wk 29: end of the study. Data points represent fixed effects
of the base model with treatment, time, and their interaction as fixed effects, and animal and
village as random factors.

Fig. 3. Packed cell volume (PCV) in cattle treated with anthelmintics (A) at wk 0, supplemented
with concentrates (P) from wk 0 to wk 13, or both (AP) in six villages in Cambodia. Wk 0: start
of the study, wk 29: end of the study. Data points represent fixed effects of the base model with
treatment, time, and their interaction as fixed effects, and animal and village as random factors.

Fig. 4. The prevalence of loose or watery feces1 in cattle treated with anthelmintics (A) at wk 0,
supplemented with concentrates (P) from wk 0 to wk 13, or both (AP) in six villages in
Cambodia. Wk 0: start of the study, wk 29: end of the study. Data points represent fixed effects
21

of the base model with treatment, time, and their interaction as fixed effects, and animal and
village as random factors. 1Equals diarrhoea scores (DS) of 2 or 3.

Fig. 5. Prevalence of mild or severe hind quarter fouling1 in cattle treated with anthelmintics (A)
at wk 0, supplemented with concentrates (P) from wk 0 to wk 13, or both (AP) in six villages in
Cambodia. Wk 0: start of the study, wk 29: end of the study. Data points represent fixed effects
of the base model with treatment, time, and their interaction as fixed effects, and animal and
village as random factors. 1Equals hind quarter fouling scores (HQFS) of 2 or 3.

Fig. 6. Prevalence of Paramphistomum in cattle treated with anthelmintics (A) at wk 0,
supplemented with concentrates (P) from wk 0 to wk 13, or both (AP) in six villages in
Cambodia. Wk 0: start of the study, wk 29: end of the study. Data points represent fixed effects
of the base model with treatment, time, and their interaction as fixed effects, and animal and
village as random factors.

Fig. 7. FAMACHA© scores in cattle treated with anthelmintics (A) at wk 0, supplemented with
concentrates (P) from wk 0 to wk 13, or both (AP) in six villages in Cambodia. Wk 0: start of the
study, wk 29: end of the study. Data points represent fixed effects of the base model with
treatment, time, and their interaction as fixed effects, and animal and village as random factors.
“Optimal to acceptable”: FAMACHA© = 1 or 2, “Borderline”: FAMACHA© = 3, “Dangerous to
fatal”: FAMACHA© = 4 or 5.
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Fig. 8. Heart girth circumferences of cattle treated with anthelmintics (A) at wk 0, supplemented
with concentrates (P) from wk 0 to wk 13, or both (AP) in six villages in Cambodia. Wk 0: start
of the study, wk 29: end of the study. Data points represent fixed effects of the base model with
treatment, time, and their interaction as fixed effects, and animal and village as random factors.

Fig. 9. Body condition scores (BCS) in cattle treated with anthelmintics (A) at wk 0,
supplemented with concentrates (P) from wk 0 to wk 13, or both (AP) in six villages in
Cambodia. Wk 0: start of the study, wk 29: end of the study. Data points represent fixed effects
of the base model with treatment, time, and their interaction as fixed effects, and animal and
village as random factors. “Emaciated to poor”: BCS = 1 or 2, “Borderline to good condition”:
BCS = 3 or 4, “Very good”: BCS = 5.
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Tables
Table 1. Characteristics of cattle enrolled in the trial and prevalence of gastrointestinal strongyle
and trematode infections in these cattle in six villages in Cambodia.
Treatment1
Variable2

Time3

A

P

AP

(n = 70)

(n = 61)

(n = 62)

Adult (%)

wk 0-29

70.0

47.5

69.4

Male (%)

wk 0-29

30.0

49.2

33.9

GIS (%)

0wwk 0

72.9

63.9

66.1

29wwk 29

64.7

42.3

30.8

wk 0

10.2

17.2

16.3

wk 29

31.4

12.0

31.6

wk 0

6.1

0.0

4.7

wk 29

0.0

0.0

2.6

Paramphistomum (%)

Fasciola (%)
1

A: treatment with anthelmintics at wk 0, P: supplementation with concentrates from wk 0 to wk 13, AP: treatment +

supplementation
2

GIS = gastrointestinal strongyles

3

wk 0: start of the experiment; wk 29: end of the experiment
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Table 2. Descriptive statistics of faecal egg counts of gastrointestinal strongyles as well as
morbidity parameters in cattle in six villages in Cambodia.
Treatment1
A

P

AP

(n = 70)

(n = 61)

(n = 62)

Variable2

Time3

Mean

Min-max

Mean

Min-max

Mean

Min-max

GIS (FEC)

wk 0

148.6

0-700

249.2

0-2350

108.9

0-900

wk 29

74.5

0-300

51.0

0-550

33.7

0-300

wk 0

31.4

15-41

33.9

24-46

34.0

23-44

wk 29

33.5

25-45

32.9

23-43

34.5

25-46

wk 0

3.2

2-4

3.3

2-5

3.1

2-5

wk 29

2.4

2-3

2.5

2-4

2.6

2-4

wk 0

1.5

1-3

1.4

1-3

1.5

1-3

wk 29

1.2

1-2

1.3

1-2

1.2

1-3

wk 0

1.4

1-3

1.4

1-3

1.6

1-3

wk 29

1.2

1-3

1.3

1-2

1.2

1-2

Heart girth

wk 0

128.1

80-160

124.7

80-160

132.4

90-180

circumference (cm)

wk 29

138.0

110-168

136.7

108-160

143.1

122-185

BCS

wk 0

3.4

1-5

3.6

2-5

3.7

1-5

wk 29

3.9

2-5

4.1

2-5

4.0

2-5

PCV (%)

FAMACHA©

HQFS

DS

1

A: treatment with anthelmintics at wk 0, P: supplementation with concentrates from wk 0 to wk 13, AP: treatment +

supplementation
2

GIS = gastrointestinal strongyles, FEC = faecal egg counts, PCV = packed cell volume, HQFS = hind quarter

fouling score, DS = diarrhoea score, BCS = body condition score
3

wk 0: start of the experiment; wk 29: end of the experiment
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Table 3. Significance of terms in the mixed models investigating the effect of treatment over
time in cattle in six villages in Cambodia.
Approximate p-value of model terms1
Response2

Time ⨯ Treatment3

Treatment

Time

GIS (FEC)

<0.0001

-

-

GIS

<0.0001

-

-

Paramphistomum

0.2466

0.8519

<0.0001

PCV

0.0034

-

-

FAMACHA©

0.1213

0.5894

<0.0001

BCS

0.4546

0.0698

<0.0001

Heart girth circumference

0.3474

0.5599

<0.0001

DS

0.0086

-

-

HQFS

0.0241

-

-

1

Approximate p-values were obtained through likelihood ratio testing. Missing p-values indicate that the main effect

is untested because it is part of a significant interaction.
2

GIS = gastrointestinal stronglyes, FEC = faecal egg counts, PCV = packed cell volume, BCS = body condition

score, DS = diarrhoea score, HQFS = hind quarter fouling score
3

Treatment with anthelmintics at wk 0, supplementation with concentrates from wk 0 to wk 13, or both
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