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ABSTRACT

Gastrointestinal parasites are considered to be silent killers of animals. The objective of the current study was to
determine the effect of the agro-ecological zone, age, and sex on the parasite prevalence and fecal egg/oocyst count
in donkeys residing in Lesotho. A total number of 720 fecal samples were collected rectally from 120 indigenous
donkeys that were randomly selected from the highlands, foothills, and lowlands of Maseru district, Lesotho. The
fecal samples were collected every two months for one year and examined using the floatation technique. The
overall prevalence for nematodes, coccidia, and cestodes in donkeys were 87.78%, 4.31%, and 1.53%, respectively.
The highest nematode prevalence and intensity were detected in the donkeys of highlands. The coccidian infection
was lower in the lowlands while cestodes infection was more prevalent in the foothills. Donkey’s age had an impact
on the nematode fecal egg load but did not affect the prevalence of nematodes in donkeys. Age did not significantly
affect the prevalence and fecal egg/oocyst count of cestodes and coccidia. Male donkeys had a higher prevalence
and fecal egg count of cestodes. In conclusion, the nematodes were found to be the major gastrointestinal parasites
of donkeys in the Maseru district. Therefore, there is a need to design a sustainable strategy aimed at controlling the
gastrointestinal parasites in donkeys.
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INTRODUCTION

In many countries, equines have a great contribution to the national economy; however, gastrointestinal parasites (GIPs)
are the major constraints that hinder their probable output (Enigidaw et al., 2015). These parasites hinder the maximum
working capacity of donkeys (Nakayima et al., 2017). The poor nutritional and immune status of equines also makes the
equine to be susceptible to parasitic diseases, which negatively influences their health and working performance (Zerihun
etal., 2011; Belay et al., 2016). Tesfu et al. (2014) observed that among the helminths, nematodes, especially strongyles,
are one of the most common and prevalent GIPs in donkeys. Factors such as temperature and moisture provide a
favorable environment for the development of larvae to the infective stage which is ingested during animal grazing
(Saeed et al., 2019). The infection occurs from the ingestion of infective larvae or eggs during grazing (Andarge et al.,
2017). Takele and Nibret, (2013) stated that open grazing promotes ingestion of the helminth eggs. According to Upjohn
et al. (2010), the intensity of infection can be affected by climatic conditions, grazing practices, and anthelmintic use.
Wagas et al. (2015) indicated a high likelihood of GIP infection occurrence to grazing equines. In addition, Molla et al.
(2015) reported that communal grazing serves as a favorable factor for the survival of strongyles.

Tedla and Abichu (2018) indicated that lack of sufficient veterinary services and poor management of equines
contribute to higher parasitic infections. Donkeys depend on rangelands for feeding, therefore, the chance of being
infected with parasites is very high. In Lesotho, owners do not follow appropriate animal health management practices in
the donkey population (Demelash et al., 2016), leading to high incidences of parasite infections. In addition, there is a
lack of information on the prevalence of GIPs among donkeys in Lesotho. Therefore, the objective of the current study
was to determine the effect of Agro-ecological Zone (AEZ), age, and sex on the prevalence and intensity of GIP
infections in donkeys. The findings of the present study would help donkey owners and other relevant stakeholders to
design the holistic deworming strategy for donkeys. The welfare of donkeys would be enhanced and hence the lives of
the rural communities would improve due to the enhanced performance of donkeys.

MATERIALS AND METHODS

Ethical approval
The scientific and ethics committee of the Department of Animal Science of the National University of Lesotho
approved the study protocol. The use of animals was in accordance with the international animal welfare standards laid
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down in the 1964 Declaration of Helsinki and its later amendments.

Study area

The study was conducted for 12 months from May 2018 to April 2019 in the three AEZs of Maseru district in
Lesotho, including the lowlands, foothills, and highlands named Koro-koro, Matsieng, and Marakabei, respectively. The
lowlands have an altitude ranging from 1500-1800 m above sea level, foothills are in the middle between 1800-2200 m
above sea level and it covers 10-15% of the total area while the highlands covers over 2/3 of the country and rises to the
elevation of 2200-3000 m above the sea level (FAO, 1996). The lowlands have the annual rainfall ranging from 600-900
mm, foothills between 900-1000 mm while 1000-1300 mm is experienced in the highlands. The temperatures vary from
11 to 30 'C (Olaleye et al., 2016).

Sample size and fecal egg counting

A total number of 120 indigenous donkeys were randomly selected from the three AEZs. The selection of villages
in the three AEZs was done through the help of Agricultural Technical Officers. The data was collected with respect to
AEZ, sex, and age. A total number of 40 donkeys were selected per AEZ, consisting of 20 males and 20 females, and 5
young and 15 adults were selected as experimental units from each gender group. The age estimation of donkeys was
performed through dentition whereby the young animals consisted of the donkeys less than two years old while adults
were defined as those above two years old.

A total number of 720 fecal samples was directly collected rectally from 120 indigenous donkeys with disposable
gloves into airtight bottles. The fecal samples were collected every two months for a period of one year (six samples per
animal). The bottles containing samples were kept in the cool box to prevent hatching the eggs before Fecal Egg
Counting (FEC), then examined by using the floatation technique (Zajac and Conboy, 2012). The collected fecal
samples were refrigerated in the Animal Science Laboratory and the laboratory analyses were done within 48 hours. In
the laboratory, each fecal sample weighing 4 g was thoroughly mixed with 56 mL of sodium chloride (floatation
solution). The solution was sieved into the beaker and a few drops of amyl alcohol were added to treat the bubbles. The
pipette was used to draw some milliliters of the solution to fill the two chambers of the McMaster slide and then viewed
under a light microscope (Olympus, Japan). All eggs/oocyst of GIPs were counted and identified based on their
morphology. The number of eggs/oocysts per grams of feces was calculated using the following formula (Nakayima et
al., 2017):

Fecal egg/oocyst count = (number of eggs/oocysts in chamber 1 + number of eggs/oocysts in chamber 2) x 50

The prevalence of GIPs was calculated as follows:

Prevalence = [(number of positive samples) / (number of examined samples)] x 100

Statistical analysis

The Statistical Package for Social Sciences (SPSS, version 16.0) was used for data analysis. The general linear
model was used to evaluate the effect of AEZ, sex, and age on the GIPs prevalence and fecal egg/oocyst count in
donkeys. The data was also subjected to binary logistic regression under General Estimating Equations (GEE) to observe
the likelihood of change in prevalence. The GEE was also used to analyze fecal egg/oocyst count data adopting a
negative binomial regression model expressing the results in terms of Beta Exponential (in percentages). Based on
Duncan’s multiple range test, the confidence interval was held at 95% and p-value less than 0.05 was considered
statistically significant.

RESULTS

Overall prevalence of gastrointestinal parasites infection
The results from the examination of fecal samples indicated that donkeys were positive for different GIPs. The identified
fecal eggs/oocysts were from nematodes, cestodes, coccidia with the prevalence of 87.78%, 1.53%, and 4.31%,
respectively (Table 1).

Prevalence and intensity of gastrointestinal parasites infection in different agro-ecological zones
Nematode eggs were most observed in donkeys in the study areas (Table 2). The highest prevalence of nematodes was
observed in donkeys reared in the highlands (90.40%), followed by lowlands (89.20%), and foothills (83.80%).
However, the difference was not significant between the donkeys in the highlands and lowlands (p > 0.05). However, the
fecal egg count in donkeys in the highlands was significantly higher than those kept in the lowlands (p < 0.05). In the
foothills, the number of donkeys infected with nematodes was significantly lower than those in the highlands (p < 0.05),
but the fecal egg count was not affected by AEZs. In the case of coccidia, the prevalence was higher in donkeys found in
the highlands (6.20%) than those in the foothills (4.20%) but not statistically significant (p > 0.05). The prevalence of
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coccidia in donkeys in the lowlands (2.50%) was not statistically different from those in the foothills but significantly
different (p < 0.05) from donkeys found in the highlands. The difference in fecal oocyst counts was non-significant
across the three AEZs (Table 2). There was a non-significant difference (p > 0.05) in the prevalence and intensity of
cestode infection among donkeys in different agro-ecological zones (Table 2).

Prevalence and intensity of gastrointestinal parasites infection in different age groups

As presented in Table 3, there was no significant difference (p > 0.05) in the prevalence of gastrointestinal
nematodes between young and adult donkeys while the fecal egg count was significantly different (p < 0.05) between
these two groups. The adult donkeys were more heavily infected with gastrointestinal nematodes. Regarding cestodes
and coccidia, the obtained results indicated that the prevalence and intensity of infection did not differ significantly in
adult and young donkeys (p > 0.05, Table 3).

Prevalence and intensity of gastrointestinal parasites infection according to sex in donkeys

As presented in Table 4, the prevalence and intensity of nematode infection were higher in the female donkeys than
male donkeys but the effect was not statistically significant (p > 0.05). The prevalence of coccidia infection was higher
in male donkeys but had a lower fecal oocyst count than female donkeys. However, the differences were insignificant (p
> 0.05, Table 4). The cestodes prevalence and fecal egg count were significantly higher in males than those in females (p
<0.05, Table 4).

Table 1. Prevalence of gastrointestinal parasites in fecal samples collected from 120 indigenous donkeys in Maseru
District, Lesotho, based on fecal egg/oocyst counts.

Gastrointestinal parasites Number of samples examined ~ Number of positive samples  Prevalence (%)
Nematodes 720 632 87.78
Coccidia 720 31 4.31
Cestodes 720 11 1.53

Table 2. Effect of the ago-ecological zone on the gastrointestinal parasites prevalence and fecal egg/oocyst count in
donkeys in Maseru District, Lesotho.

Agro-ecological zone Prevalence Fecal egg/oocyst count
% Standard error EMM Standard error
Lowlands 89.20% 0.020 528.12° 40.609
Nematodes Foothills 83.80° 0.024 639.17% 36.843
Highlands 90.40° 0.019 673.96° 51.511
Lowlands 2.50% 0.010 4.79° 2.163
Coccidia Foothills 4.20® 0.0.13 5.00% 2.259
Highlands 6.20° 0.016 6.67% 2.108
Lowlands 0.80% 0.060 1.04% 0.843
Cestodes Foothills 2.10° 0.090 2.92¢ 1.574
Highlands 1.70° 0.050 1.46° 1.058

® Means within a column with a common superscript do not differ significantly (p>0.05). EMM: Estimated Marginal Means. Exp.B: Exponential Beta.

Table 3. Effect of age group on the gastrointestinal parasites prevalence and fecal egg/oocyst count in donkeys in
Maseru District, Lesotho.

Prevalence Fecal egg/oocyst count
Age
% Standard error EMM Standard error

Young (<2y) 86.70° 0.024 492,228 27.365
Nematodes

Adults (>2y) 88.10° 0.014 654.26" 31.444

Young (<2y) 4.40° 0.015 6.67% 2.528
Coccidia

Adults (>2y) 4.302 0.090 5.09% 1.450

Young (< 2y) 0.00? 0.090 0.00? 1.295
Cestodes

Adults (> 2y) 2.00% 0.050 2.41° 0.748

® Means within a column with a common superscript do not differ significantly (p>0.05). EMM: Estimated Marginal Means. Exp. B: Exponential
Beta.
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Table 4. Effect of sex on gastrointestinal parasites prevalence and fecal egg/oocyst count in donkeys in Maseru District,
Lesotho.

Prevalence Fecal egg/oocyst count
Sex
% Standard error EMM Standard error

Male 86.10° 0.018 592.92% 40.347
Nematodes

Female 89.40° 0.016 634.58° 30.650

Male 4.40% 0.11 4.86% 1.704
Coccidia

Female 4.202 0.11 6.11° 1.852

Male 2.50% 0.060 2.928 1.255
Cestodes

Female 0.60° 0.050 0.69° 0.566

® Means within a column with a common superscript do not differ significantly (p>0.05). EMM: Estimated Marginal Means. Exp.B: Exponential Beta.

DISCUSSION

The higher prevalence of nematodes recorded in the present study was in accordance with the findings of Asefa and Dulo
(2017) who observed an overall prevalence of 83.70% in Bishoftu town, Ethiopia. Different studies conducted in several
countries observed a range of 2- 80% E. leuckarti widespread, for instance, the prevalence ranged 4.5- 5.88% in Turkey
(Studzinska et al., 2008), which is close to the overall prevalence of coccidia (4.31%) observed in the present study. In
line with the observations of the current study, Nakayima et al. (2017) found the occurrence of gastrointestinal cestodes
to be less in donkeys. However, Belay et al. (2016) recorded a prevalence of 3.7% of cestodes as compared to 1.53%
observed in the current study.

The higher nematode prevalence and fecal egg count in the donkeys of highlands might be due to grazing on
wetlands which have the potential of promoting nematode development due to high moisture content since the annual
mean rainfall is between 1000 to 1300 mm in this region (Olaleye et al., 2016). Raza et al. (2007) also showed that most
green pastures that are waterlogged increase the spread of helminths. Similarly, higher mean egg per gram of feces was
recorded in donkeys in the highlands (Sheferaw and Alemu, 2015). Development and survival of the nematode eggs and
larvae are influenced mainly by climatic conditions, such as temperature and humidity, which differ greatly according to
geographical locations (Belete and Derso, 2015).

The high prevalence and level of infection of coccidia in the highlands might be due to poor animal husbandry.
Other researchers noted that the occurrence of coccidiosis is associated with undernourishment, poor sanitation,
overstocking, poor management practices, and stress (Sudan et al., 2013). Therefore, the lower fecal oocyst count in the
lowlands could be attributed to an unfavorable environment for the development of the oocysts because the lowlands are
very dry with high temperatures.

The gastrointestinal cestodes were the lowest prevalence in the current study. Tolossa (2016) explained that low
prevalence could be due to the seasonality of oribatid mites as vectors. However, in this study, the higher prevalence and
intensity of cestodes in the foothills could be due to the longer grazing periods which result in the ingestion of more
mites and hence increased cestodes prevalence (lhler et al., 1995). Moisture is of great importance in increasing the mite
population which favors the cestodes infection (Tomczuk et al., 2017). Given the meteorological data, the higher rainfall
(900-1000 mm) in the foothills (Olaleye et al., 2016) results in high moisture which contributes to oribatid mites and
hence the prevalence of cestodes.

The GIPs affect equines of all ages, although the older equines are likely to develop resistance and act as the source
of infection by contaminating the pastures (Shite et al., 2015). There was a significant association between age and the
nematode fecal egg load whereby high intensity was in adults probably due to poor body condition. The poor body
condition and decreased immunity in adult equines are the results of extensive work, overload, and poor nutritive feeds
(Takele and Nibret, 2013; Belay et al., 2016). These adult working donkeys sometimes remain the source of infection to
young donkeys because most of them are heavily infected with GIPs without showing any signs of infection. In addition,
the lower level of nematode infection in young donkeys may be due to the fact that they are kept in stables most of the
time while adults work as pack animals moving from one area to another and this exposes adult donkeys to different
parasites. However, Andarge et al. (2017) observed that in terms of susceptibility to nematodes there was no significant
difference between young and adult donkeys. On the other hand, the prevalence of Parascaris equorum (nematode) was
found to be significantly higher in younger equines (Sheferaw and Alemu, 2015).

The findings of the current study were in accordance with Dubey and Bauer (2018) who observed a higher
prevalence of coccidia in foals than that in adult animals and further indicated that foals can acquire infection on the day
of birth due to a contaminated environment than being infected from oocysts excreted by their mares. It is emphasized
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that Eimeria leuckarti is more prevalent among young foals though it can be infrequently detected in adult animals (De
Souza et al., 2009). Nakayima et al. (2017) stated that the infection of coccidia is related more to young donkeys.

Concerning cestodes, Getachew (2006) also showed that there is no association between age and tapeworm
infection prevalence in horses. Sori et al. (2017) indicated that sex was not associated with the prevalence of equine
strongylosis, possibly because the management is the same regardless of the sex class (Tone et al., 2016). The
insignificant difference in nematode egg counts between male and female donkeys could be due to the fact that they were
reared and grazed on the same pasture (Tone et al., 2016). However, Sheferaw and Alemu (2015) stated that P. equorum
was highly prevalent in female equids than males. Females have a close relationship to their foals, so this makes the
females more susceptible as the parasites recycle between dams and foals. Moreover, the possible explanation for non-
significant differences in terms of GIP infection prevalence and intensity between male and female donkeys could be
attributed to the mutual grooming behavior of donkeys that could play a role in transmitting the infection between
members of a herd. On the other hand, there are reported cases of the high prevalence of strongylosis in males compared
to females despite the fact that the differences were not significant (Sori et al., 2017). The possible reason might be due
to the workload done by males than females, which causes stress and consequent immune-suppression which results in
parasitic burden (Regassa and Yimer, 2013). In accordance with the results of the present study, other researchers
observed equal prevalence of E. leuckarti (coccidia) in both males and females (Ghahfarrokhi et al., 2014). On the other
hand, E. leuckarti infection was found to be prevalent in females (De Souza et al., 2009). This explains why there was a
higher mean fecal oocyst count in females than males in the current study. However, the obtained results of the present
study were in contradiction with that of Nakayima et al. (2017) who found higher mean fecal oocysts count in males than
females.

In agreement with the results of the present study, Tomczuk et al. (2017) reported a higher prevalence of cestodes
infection in females than that in males. However, Getachew (2006) reported the non-significant difference in the
prevalence of cestodes between donkeys from different sexes.

CONCLUSION

Nematodes were the main gastrointestinal parasites affecting donkeys in the Maseru district. The donkeys in the
highlands and adult donkeys were more heavily infected with nematodes. The coccidia prevalence and fecal oocyst load
were not affected by the age and sex of the donkeys. The cestodes were more prevalent in male donkeys than females.
Therefore, there is a need to develop a deworming strategy addressing specific gastrointestinal parasites for different age
and sex groups of donkeys in different agro-ecological zones of Lesotho.
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