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ABSTRACT

Background: Gastrointestinal (Gl) parasitism in goats is a serious and widely distributed problem. Diarrhoea, moderate or severe,
though a result of various factors involving feed, fodder, seasons and state of gut physiology of digestion, is a common symptom in
goats infested with Gl parasites, the nematodes and coccidia. Intensity of diarrhoea corresponds to quantum and type of parasitism.
Methods: In the present study, 1451 faecal samples collected from goats of different ages (<3 M, >3-6 M, >6-12 M and >12 M) were
categorized as normal, lumpy and diarrheic based on their consistency and were processed for parasitic infections. The Gl parasitic
load was quantified by faecal eggs/oocysts counting (FEC and FOC) per gram of faeces through the modified Mac-master technique.
Identification of parasites was based on the morphology of third-stage larvae procured by coproculture of randomly selected positive
samples. FEC/FOC data (strongyle and coccidian), being skewed and uneven, were log-transformed to normalize. The transformed
data [log, (100+n)] was analyzed statistically and results were interpreted.

Result: Means of FEC and FOC in three type of faecal samples viz. normal, lumpy and diarrheic, were significantly different. Similarly,
the effect of age on FEC and FOC was significant. The interaction between animals age x faecal sample type was significant in
coccidian and non-significant in strongyle infection. The results were discussed to support the hypothesis that faecal consistency was
a measure of coccidian and strongyle worm load in goats and can be a basis of targeted selective treatment.
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INTRODUCTION

Goats are important ruminant livestock species widely
distributed over the globe. The qualities like prolificacy,
hardiness, adaptability and maneuverability make goats
quite popular animals to adopt. Being a sustainable
producing animal, the goats are considered all-time money,
meat and milk (ATM) by poor farmers during economic
hardship, especially in the Afro-Asian region. But,
gastrointestinal (Gl) parasites are one of the serious concern
in the production of goats as they, being nibbler by nature,
are quite prone to Gl parasitic infections as compared to
grazer sheep (Smith and Sherman, 2009).

Among Gl parasites, infections of Gl nematodes and
coccidia are quite common (Gonzalez- Garduno et al. 2018;
Kaur et al. 2019) and at times lead to serious production
losses in the form of morbidity and mortality (if not addressed
properly) in goats particularly in developing countries. Clinical
syndromes of both these infections are characterized majorly
by anaemia and diarrhoea along with production losses.

The most popular approach for Gl parasites management
is to assess the parasitic load and determine the need for
treatment of infected animals. The quantification of parasite
propagules, like eggs/oocysts, per gram of faeces (e.g. EPG
/OPG), is most commonly used technique to estimate the
load (Le Jambre et al. 2007) and the susceptibility of Gl
parasitism (Gonzalez-Garduno et al. 2018). However, faecal
EPG/OPG, being a laboratory-based method, is neither
practical and nor on-spot test. So, more convenient and user-
friendly approaches like FAMACHA chart and faecal
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consistency score (FCS), based on morbidity markers, have
been developed and used for Gl parasites management
(Gordon, 1967; Kaplan et al. 2004; Reynecke et al. 2009).
Both these, FAMACHA chart and FCS approaches indirectly
assess the Gl parasites burden based on most common and
observable clinical symptoms of Gl parasitism i.e. anaemia
and diarrhoea. However, both these approaches have been
used more for sheep than goats and FAMACHA chart is
specifically for haemonchosis management.

The FAMACHA chart has been applied in several farm
studies (Burke et al. 2007; Hassum 2014; Torres- Acosta et
al. 2014; Cintra et al. 2018), yet the FCS has a meager
mention in literature and need to be investigated at farm
level to reduce the parasitism and cost of its management.
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Diarrhoea, though not always, is a common clinically
observed symptom in goats in Gl parasitic infections. The
consistency of diarrheic faeces may be varied depending
on the type of infection, intensity of infection and the extent
of damage in gastrointestinal tract due to parasites. In field
conditions, farmers treat diarrheal goats, in the first instance,
with anthelmintics without diagnosing, though laboratory
diagnosis is a prerequisite for therapy. Such practice of
treatment goes in vain and becomes fruitlessly extravagant
when diarrhoea is originated from other pathogens or the
parasitic load is such that it does not need treatment. Further,
excessive and indiscriminate use of anthelmintics is likely
to result in anthelmintics resistance among parasites that
need to be avoided and discouraged.

The present study was envisaged to revisit the
epidemiology of Gl parasitic infections in goats and establish
a relationship, if any, between faecal consistency and faecal
eggs/ oocysts counts (FEC/ FOC) per gram of faeces (EPG/
OPG). The information so generated would, however, be a
useful and easy tool to be used by farmers to decide whether
treatment is needed or not. It would further facilitate targeted
selective and judicious use of anthelmintic and anticoccidials
in goats to slow down the pace of drug resistance
development.

MATERIALS AND METHODS
Location of study

The study was conducted during 2019-2020 at ICAR-Central
Institute for Research on Goats (ICAR-CIRG) Makhdoom,
Mathura, India located at 27° North latitude and 78° East
latitude (MSL-176 m) in ravines of river Yamuna. The climate
prevailed in the area is classified as tropical (semi-arid zone).
The topography of the grazing land was undulated and area
scattered over 350 acres with sandy soil and vegetation
composed of natural pasture and bushes mainly dominated
by natural and cultivated Zyziphus zizuba, Cenchrus ciliaris,
Terminalia sp., Tephrosia purpurea, Sida rhambipholea,
Achyranthes aspera, Dichrostachy bipinnata, Sacharum
munja, Cyperus rotundus, Cynodon dactylon and Boehrvia
diffusa. Meteorological data of this location during the study
period showed temperature variation from 14 to 44°C in
summer and 5 to 30°C in winter.

Animals

The animals used were goats of different age and sex from
different farms in the Institute. These animals were
maintained in a semi-intensive system of goat management
with a defined schedule. Kids were weaned at 90 days of
age. For the rest of life, animals were allowed 5-6 hrs. of
grazing during the day time. While in the stall, the productive,
pregnant does and breeding male (in breeding season) were
provided 200-400 g of concentrate feed depending on their
size and physiological stage. The animals were dewormed
pre and post-monsoon selectively as per annual health
schedule. The anthelmintic groups were changed every year
to restrict their excessive use.

Faeco-physical and parasitological examination

The faecal samples were procured regularly (during 2018-
19) for monitoring the worm load and to ascertain the need
for treatment. The faecal samples were collected aseptically
per rectum in polythene bags. The collection time was
scheduled at 3.30 PM when animals returned from grazing
and availability of staff was ensured. The faecal samples so
received after collection from goat farms were graded, based
on appearance, in three categories as normal, lumpy and
diarrheic depending on their consistency state (Fig 1). A
total of 10 samples from each faecal sample types were
processed for moisture content by drying them in the crucible
through hot air oven using a standard protocol (APHA, 2005)
and the range of water content was framed for three faecal
sample types i.e. normal, lumpy and diarrheic. The samples
were processed for parasitological examination immediately
after arrival in the laboratory or stored at 4°C in the
refrigerator for further processing but not later than 24 hrs.
of the collection. The parasitological procedure of faecal
eggs/oocysts (FEC/FOC) counting was as per Modified Mc-
master egg counting technique (MOFF, 1977).

Statistical analysis

The FEC/FOC data so generated, as observed skewed and
not evenly distributed, was log-transformed to normalize it.
For normalizing the data was processed by adding 100 to
total FEC/FOC and the sum was transformed by natural loge
transformation [Log, (EPG/OPG +100)]. All the statistical
analysis was applied to the transformed data. The FEC/OPG
results were back-transformed to the exponential
(antilogarithms) of the least-squares means, subtracting 100
and then presenting them in the results as geometric mean.
The log-transformed data were analyzed using the mixed
model least-squares analysis for fitting constants (Harvey,
1990). The following model was used:
Yijk = p + Si +Aj + (S xA)jj + eijk

Where,
Yijk is the record for the k" kid, u is the overall mean, Si is
the fixed effect of the i" sample types, Aj is the fixed effect
of the j"age of kids, (S xA)ij is the interaction effect between
i" sample types and j" age of kids and eijk is the residual
error element with standard assumptions.

To compare the different sub-groups means, Duncan’s
multiple range test (DMRT) as described by Kramer (1957)
was applied.

RESULTS AND DISCUSSION

A total of 1451 samples, collected from a similar number of
goats were processed for different coccidian (FOC) and
gastrointestinal nematode infections (FEC). Of the normal,
lumpy and diarrheic faecal sample types, the moisture content
fell in the range of 40-70, 70-85, >85 percent respectively
(Fig 1). Coccidian infection, as identified by morphological
and sporulation characteristics, was of mixed nature involving
several Eimeria species viz. Eimeria arloingi, E. christenseni,
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Fig 1: Faecal consistency scores (FCS) A. Normal, with intact separate pellets. B. Lumpy, with pellets start losing their shape and

intactness of identity C. Diarrheic, with shape and identity of pellets is lost totally and faeces starts looking pasty and fluidic.

E. ninakohlyakaemovae, E. mitis, E. caprina, E. hirci etc.
Based on coproculture examinations, Haemonchus sp.
infection was predominant (97.20%) among gastrointestinal
nematodes which included the sporadic occurrence of
Oesophagostomum (1.40%), Strongyloides (0.80 %) and
Trichuris (0.60 %) species also. The results of analyzed
FEC data have been presented in the Table 1.

Analysis of data showed that three consistency based
faecal sample types were significantly different in OPG/
EPG (P<0.01) (Table 1). While FOC in diarrheic sample
type (4.831+0.021) was highest, the samples type with
normal consistency had least FOC (4.707+0.013). Similarly,
the FEC per gram of faeces in the diarrheic sample type
(4.625+£0.003) was highest while the least FEC was in
normal consistency type (Table 1).

Age-wise analysis of data on coccidian infection
showed that age was an important factor influencing OPG.
The faecal OPG count was significantly higher in goats
less than one year of age compared to adults. Of the
younger age groups, animals up to 3M age showed
significantly higher FOC than the >3-6 M and >6-12 M
age groups. However, both >3-6 M and >6-12 M age groups
were statistically similar in faecal oocysts output. The
analysis of data showed that, in coccidian infection, the
interaction of faecal sample types X age of the animals
was also significant (P<0.01).

The effect of animal age was significant on per gram
FEC in natural strongyle infections in goats (Table 1).
Among all four age groups, mean EPG in adults was
highest though it was statistically similar to EPG observed
in the >6-12M age group. The EPG values in lower age
groups (up to 3M and >3-6M) were significantly lower. The
FEC of consistency based sample types were also
significantly different (P<0.01) and the diarrheic samples
had significantly higher mean FEC than the other two
categories of samples. The interaction between
consistency based faecal sample type and animal age, in
respect of EPG, was statistically non-significant.

Consistency of faeces reflects the state of the digestive
system and its physiology. Any discrepancy/anomaly of the
process of digestion caused by infection (of any nature) or

change in nutrition is likely to affect the consistency of
faeces. Further presence of gastrointestinal parasitism is
also likely to induce the peristaltic movement in the gut
resulting indigestion as well as a change in faecal
consistency. Moisture range in the present study was
comparable and as described by others. The moisture
content of normal faeces ranged between 60-65 percent
in sheep and goats (Schlink et al. 2010). Bentounsi et al.
(2012) reported 60, 75 and 85 % moisture content in
normal, soft and diarrheic faeces of sheep, respectively.
The higher moisture content of faeces, than normal, can
be attributed to faster passage rate or due to reduced water
absorption capacity of large intestine resulted by various
factors including intestinal worms (Waghorn et al. 1999).
While McEwan et al. (1992) showed a positive correlation
between loose faeces and dag score, Wesselink et al.
(1995) described that nematodes contribute scouring in
sheep. Similarly, Broughan and Wall (2007) found a strong
relationship between diarrhoea and FEC. They also
described that lower dry matter (i.e. higher moisture
content) was significantly associated with increased faecal
soiling or dag and can be an alternative way to quantify
diarrhoea.

The significant effect of faecal consistency on FOC
in the present study was in line and supported by Bayew
(2019) who described that higher prevalence of the
coccidiosis in calves with diarrheic faecal consistency
than normal faecal consistency and attributed diarrheal
consistency to major damage in the intestinal wall. Also,
Gibbons et al. (2016) reported higher faecal oocysts
count in goats with diarrheic faeces. Contrarily, Gaddam
(2005) and Saratsis et al. (2011) reported no significant
or weak negative relationship between faecal
consistency and faecal oocysts counts respectively, in
calves and lambs.

Higher EPG in diarrheic faecal sample type, like in
the present study, was also reported by some other workers
(Broughan and Wall 2007; Abebe et al. 2010; Bentounsi et
al. 2012). Jacobson et al. (2009) also reported higher EPG
in diarrheic samples compared to normal pelleted faeces
in lambs but they observed reverse trend in adult sheep
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Table 1: Effect of variations on faecal oocysts and egg counts in goat with gastrointestinal parasitic infections.

. Total Log transformed Geometric mean Log transformed Geometric mean
Traits/effects -
Obs. Coccidian OPG of OPG Strongyles EPG of EPG

Overall mean 1451 4.767+0.010 1466 4.621+0.001 318
Sample types ** **

Normal 867 4.707+0.0132 2034 4.614+0.0022 176
Lumpy 358 4.763+0.017° 3418 4.622+0.002° 338
Diarrhoic 226 4.831+0.021¢ 5066 4.625+0.003° 400
Age . .

<3M 182 4.866+0.0232 5960 4.611+0.0032 116
>3-6M 353 4.780+0.017° 3820 4.612+0.0022 136
>6-12M 307 4.739+0.021° 2864 4.628+0.003° 460
Adult(>1Y) 609 4.683+0.018¢ 1618 4.631+0.002° 524
Sample type X Age ** NS

Normal X < 3M 56 4.704+0.041< 2076 4.607+0.005 36
Normal X > 3-6M 177 4.752+0.023b¢ 3162 4.611+£0.003 116
Normal X >6-12M 197 4.688+0.022¢ 1726 4.621+0.003 318
Normal X Adult 437 4.682+0.015¢ 1596 4.618+0.002 258
Lumpy X < 3M 56 4.842+0.041° 5344 4.611+£0.005 116
Lumpy X >3-6M 106 4.791+0.030°¢ 4084 4.614+0.004 176
Lumpy X >6-12M 67 4.726+0.037< 2568 4.627+0.005 442
Lumpy X Adult 129 4.692+0.027¢ 1814 4.637+0.004 646
Diarrheic X < 3M 70 5.051+0.0362 11234 4.617+0.005 238
Diarrheic X >3-6M 70 4.796+0.036°¢ 4204 4.612+0.005 136
Diarrheic X >6-12M 43 4.801+0.046° 4326 4.636+0.006 626
Diarrheic X Adult 43 4.676+0.046¢ 1466 4.637+0.006 646

Note: Least squares means carrying different alphabet differed significantly (P<0.01). ** means Significant (P<0.01), NS Non-significant.

and attributed scouring in adults is due to hypersensitivity
to ingested nematodes larvae instead of existing worm load.
Seyoum et al. (2018) observed an inverse relationship
between faecal consistency and Gl nematode FEC and they
attributed it to more water in faeces.

The higher EPG and OPG in diarrheic sample types
are suggestive that both coccidian and strongyle infections
were associated with diarrhoea. The results in the study were
important and carried significance because the study was
based on faecal samples collected and examined throughout
the year whiles all other factors being common. Further, the
result suggested that the FCS could be an important
predictor of the intensity of gastrointestinal parasitism
(Abebe, 2010, Bentounsi et al. 2012).

Faecal consistency with increased moisture dilutes the
per gram faecal eggs/oocysts counts and the observed EPG/
OPG values need correction (Le Jambre et al. 2007; Gordon,
1967). Gordon (1967) classified faecal samples, on
appearance basis, into a series of five consistency grades
and suggested multiplier factors for each to correct the
dilution effect of diarrhoea. Le Jambre et al. (2007) used a
6-grade scale to classify the faecal samples and studied
the relationship between FCS and simulated worm egg
counts (WEC) and dry matter. They testified the adjustment
factors of Gordon on a dry matter basis by faecal consistency
score of 4.0 and described that WEC and susceptibility of

sheep may be underestimated with increased FCS. In
contrast, Turner et al. (2010) reported a positive relationship
between faecal water content and faecal egg counts and
described that faecal water content may have a limited
potential to confound estimates of parasite intensity from
per gram faecal egg counts in free-range systems.

The present study differed from Gordon (1967) and Le
Jambre et al. (2007) in the number of faecal consistency
grades/scores being 3 as compared to 5 and 6 respectively
in their studies. The 3 grades of faecal consistency scores
here were similar to various other studies (Ghimire and
Bhattarai 2019; Turner et al. 2010; Seyoum et al. 2018;
Bentounsi et al. 2012; Gibbons et al. 2016). The 3 grade
scores, in this study, were more practical for ease of
observations recording because a wide range of faecal
consistency grades/scores may likely create confusion
increasing the chances of overlapping in its use. Whereas,
Jacobson et al. (2009) used only two faecal consistency
grades i.e. normal and scouring.

Theory of dilution of Gordon (1967) and Le Jambre et
al. (2007) might have significance when the FEC is
considered as a selection tool for worm resistance animals
because confounding can affect estimated breeding values.
However, in animals suffering from diarrhoea and also
showing significantly more EPG/OPG, the FCS provide
sufficient ground to go for selective drenching treatment
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Fig 2: Least squares means representing interaction between faecal sample types and age for FOC.

(Broughan and Wall (2007). Further, in the light of anorexia,
with reduced feed intake, being the consistent finding in all
types of intestinal parasitic infections (Smith and Sherman,
2009) it is to be studied if faecal consistency in diarrhoea is
a result of dilution or simply proportional change of dry matter
and water content. In later case, however, FEC/FOC would
hardly ever change.

Results of the study suggested that severity of coccidian
infection (higher OPG) was more in young ones (especially
in < 3 months age) than the adults (Sharma et al. 2017;
Kaur et al. 2019) and supported the descending trend of
per gram FOC with ascending age as described by Smith
and Sherman (2009). In contrast to Eimeria infection, mean
EPG of strongyle worms was significantly higher in goats
above 6 months of age (Sharma et al. 2009; Sharma et al.
2013; Dappawar et al. 2018). Analysis of data showed that
the problem of strongyle worms was of more importance in
goats after 6 month age.

As age plays an important role in determining the rate
of prevalence and severity of coccidian infection as well as
strongyle infection in animals, the effect of interaction
between faecal sample types and animal age was
considered to analyze. The effect of interaction of sample
types X animal age about FEC (strongyle worms) in the
present study was not significant. This can be explained
because Haemonchus contortus being the major Gl
nematode infection in present study where diarrhoea was
not a consistent symptom. In contrast, Bentounsi et al.
(2012) described diarrhoea score as the most effective
indicator for identifying sheep, which need treatment. The
variation here can also be attributed to the diversified age
of animals in the study.

The effect of the interaction of sample types X animal
age about coccidian FOC was, however, highly significant.
These results were of importance as interaction means of
per gram FOC in all faecal sample types for young age (less
than 1 year) were significantly higher than old age (above
12M) (Table-1)(Fig 2). Further, this was more important in

diarrheic samples to suggest that faecal consistency might
be a measure of coccidian infection in goats, especially in
young kids and also a guiding tool for selective treatment.

CONCLUSION

The study concluded that consistency of faecal matter, being
a result of various factors involving feed, fodder, seasons
and state of gut physiology of digestion, may be affected
the due presence of gastrointestinal parasitic infections like
strongyle worms and coccidia, the known causes to result
diarrhoea and enteritis. The study conducted in the
organized flock with similar management conditions
throughout the year carries importance for farmers and farm
owner for deciding anti-coccidian treatment in young goats.
However, similar studies, with more number of faecal
samples analyzed, would help to buttress the hypothesis in
a better way.
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