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 Introduction: Sheep play a crucial role in enhancing the socio-economic welfare of 
individuals in numerous nations. Within sub-Saharan Africa, productivity levels are 
hindered by various factors, such as prevalent diseases, inadequate nutrition, climate 
variations, predators, severe weather, as well as infestations of both external and 
internal parasites. The purpose of the present study was to assess the extent of 
anthelmintic resistance (AR) observed on a sheep farm operating for commercial 
purposes in Zimbabwe. 
Materials and methods: Forty female weaner Dorper sheep, averaging 43 kg in body 
weight, were selected from Ballineety commercial sheep farm in Mashonaland Central, 
Zimbabwe. These sheep were then divided into four groups of ten each, receiving 
different treatments including Ivermectin, Albendazole, Levamisole, and no treatment 
as a control. Each treatment was administered according to the manufacturer’s 
recommendations. Pre-treatment faecal samples (day 0) and post-treatment (day 14) 
were collected and subjected to the Faecal Egg Count Reduction Test (FECRT).  
Anthelminthic resistance was suggested (AR) by the presence of faecal eggs after 
treatment.  
Results: All the drugs indicated a decrease in egg counts by less than 90%. The 
effectiveness of Ivermectin, Albendazole, and Levamisole was measured at 58.5%, 
70.1%, and 85.8% respectively. These findings indicate that nematodes have 
developed resistance to all treatments. The larval cultures of the samples before and 
after treatment indicated a significant presence of Haemonchus spp. in the pooled 
samples. In contrast, the quantities of Trichostrongylus spp. and Oesophagostomum 
spp. were low but present in all treatments. Cooperia spp. was recovered in post-
treatment larval cultures of groups that received anthelmintic. The present study 
reports lower-than-expected efficacy for Ivermectin, Albendazole, and Levamisole 
based on the reduction of egg excreted post-treatment. 
Conclusion: A common worms population in sheep are AR in the current study area. 
Therefore, comprehensive nematode management programs along with 
complementary eradication strategies are essential for sustainable sheep production.        
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1. Introduction

Sheep holds significant importance in numerous 
nations, contributing greatly to the socio-economic welfare 
of individuals1. They serve as a valuable source of income 
and fulfill various purposes, including the provision of 
nourishment during cultural ceremonies2,3. Sheep are a 
source of meat, wool, leather, and milk4. Due to high 

disease prevalence, the poor plane of nutrition, climate 
change, predators, external and internal parasites, and 
harsh weather conditions in sub-Saharan Africa 
productivity remains low5-7.  On a worldwide scale 
gastrointestinal nematodes (GIN) are one of the major 
challenges to the economic benefits derived from sheep8. 

http://creativecommons.org/licenses/by/4.0
http://fahn.rovedar.com/
https://orcid.org/0000-0002-1866-8987
https://orcid.org/0000-0002-6509-1041


Mushonga AN et al. / Farm Animal Health and Nutrition. 2024; 3(1): 22-27 

 
 

23 

Nematode infections in small ruminants cause low 
productivity, reduced appetite, low weight gain, anemia, 
and reduced meat and wool production, leading to 
condemnation of organs at meat inspection, and 
subsequently death9. Anthelmintics play a vital role in 
control and treatment of GIN10. Anthelmintic resistance can 
be defined as an increased capability of a particular worm 
population to withstand and tolerate (< 80% reduction) 
previously lethal effective doses (> 95% reduction) of a 
particular compound10. However, over the years taking 
these drugs continuously has resulted in the emergence of 
anthelmintic resistance (AR) against most classes of 
anthelmintic drugs11,12.   

Three types of AR have been described to date  
are side resistance, cross-resistance, and multiple 
resistances13. Side resistance refers to the phenomenon 
when compounds of similar structure and activity show a 
decreased efficacy against a resistant strain compared to a 
susceptible strain of the same species. Cross-resistance 
describes a phenomenon similar to side resistance but 
involves compounds of different structures and activities. 
Multiple resistance is when a resistant strain of nematodes 
meets with resistance to two or more groups or classes of 
anthelmintics, either as a result of independent group 
selection or cross resistance13,14. 

 In small scales and communal production systems, AR 
is an increasing problem. In light of the ever-increasing 
problem of nematode AR, it is possible that more nematode 
genera may have developed/acquired resistance over time. 
Commercial sheep rearing is an established venture in the 
Southern hemisphere and a reemerging enterprise in 
Zimbabwe. Thus, the objective of the present study was to 
determine the efficacy of the most common anthelminthic 
drugs on the market and show the level of AR in sheep 
production.  

 

2. Materials and Methods 
 

2.1. Ethical approval  
 
All methods were performed in accordance with the 

relevant guidelines and regulations of the Department of 
Veterinary Services, Zimbabwe.  

 
2.2. Study area 

 
The study was conducted from April 2019 to December 

2019 at a Ballineety commercial sheep farm in 
Mashonaland Central, Zimbabwe. The farm is in a Natural 
Region II covering an area of around 800 hectares with an 
approximate altitude of 1200 meters above sea level. The 
area is characterized by a sub-tropical climate with low to 
moderate rainfall ranging from 650-800 mm distributed 
from late October to April, with temperatures ranging from 
12 °C to 30 °C. May to July are cool and dry months with 
temperatures ranging from 12 °C to 25 °C. August to 
October are hot and dry months and temperatures range 
from 20 °C to 30 °C. These conditions are propitious for the 
prevalence of sheep nematodes. The predominant 

vegetation type in the district consists of sparsely scattered 
trees, mainly Brachystegia spiciformis, Julbernardia 
globiflora, and Combretum molle species, besides abundant 
tall tufted grasses, such as Heteropogon species, Themeda 
triandra, and Hyparrhenia species. The main agricultural 
activities in the area are livestock production and 
cultivation of drought-resistant plant and fodder crops.   

  
2.3. Experimental animals 

 
The flock comprised more than 150 sheep of various 

age groups. The sheep were allowed to graze a pasture-
reinforced (stargrass and pannicum) native rangeland 
during the daytime. During the dry season,  hay and 
concentrate (commercial) supplements were provided. 
Sheep were housed in groups (n=10, according to age and 
sex) of approximately 20 to 30 in a shade tailor-made for 
sheep housing. Clean tapped water was provided by adding 
ad libitum in water troughs placed randomly within the 
grazing and overnight shade areas. According to Kaplan15, 
sheep with an egg count per gram of faeces (EPG) of 150 
per group or more were used. A total of forty female 
weaner Dorper sheep with an average body weight of 43 
kg, aged between six and eight months were selected 
randomly. All sheep had received anthelminthic therapy 
two months before the study8. According to the WAAVP 
guidelines, 15 animals per group are recommended for an 
accurate evaluation of Faecal Egg Count Reduction Test 
(FECR), on the basis of availability, the number was later 
reduced to 10 animals per group16. In the present study the 
flock size included 10 animals per group. This choice has 
been supported by Rinaldi et al.17, where fecal egg counts 
from 5, 10, or 20 sheep had a strong correlation with each 
other and with the mean of the individually examined 
samples. Animals were vaccinated against Pulpy kidney 
(PULPYVAX® , Intervet South Africa)  disease at weaning 
at a rate of 1ml per animal.  

 
2.4. Treatments groups 

 
The products to test included, Ivermectin (Oramec®, 

Beestone Animal Health, Cheshire, UK), Albendazole 
(Valbazen®, Zoetis, Sandtone,  South Africa), and 
Levamisole (Chanaverm® Agricura , Zimbabwe). The items 
were administered according to the manufacturer’s 
instructions (Table 1). According to Coles et al.16, a 14-day 
post-treatment interval was used in the study. Pre-
treatment faecal samples were collected from the sheep’s 
rectum by faecal racking and EPG was determined using 
the McMaster egg counting technique9. 

 
2.5. Faecal egg counts 

 
Faecal samples were collected and analyzed 14 days 

after treatment for Strongyle type of eggs using saturated 
sodium chloride solution of 1.200 specific gravity as a 
floatation solution18 at Harare Central laboratory, 
Zimbabwe. According to the manual of veterinary 
parasitological laboratory techniques19, EPGs were  
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Table 1. Treatment groups, route of drug administration, sheep age, and weight at Ballineety Farm, Zimbabwe  
 

 Treatment 
 Group A (Ivermectin) Group B (Albendazole) Group C (Levamisole) Group D (Control) 

Route of administration  
Oral (2.5 ml per 10 kg 

bodyweight) 
Oral (0.75ml per 10kg 

bodyweight) 
Oral (0.5ml per 5kgs 

bodyweight)  
- 

Age (months) 7.4 7.1 7.6 7.6 
Weight (kg) 45.1 42.6 41.3 43.0 

 
obtained using the Modified McMaster method, which has a 
sensitivity of 50 eggs/gram of faeces. Larval cultures for 
pre- and post- treatment faecal samples were carried out 
for the respective groups by pooling the samples for each 
group and identifying the 3rd larval stages (L3). 

 
2.6. Efficacy evaluation 

 
Efficacy of each drug was assessed by performing the 

FECRT in accordance with the World Association for the 
Advancement in Veterinary Parasitology (WAAVP) 
standards20. 

Efficacy = 100 (1 – (T2/C2))     
where T2 is the arithmetic mean EPG for the treated 

group and C2 is the arithmetic mean of the control group at 
day 14 of post-treatment16. 

The treatments were classified into three classes 
according to Geurden10, as either efficacious, having 
confirmed anthelmintic resistance, or being inconclusive. 
Efficacious is the percentage reduction and upper 95% 
confidence limit. Confirmed anthelmintic resistance is the 
percentage reduction below 90%, and inconclusive is 
neither of the above criteria fulfilled.  

 
2.7. Larval identification 

 
Triplicate faecal samples, about 2-3 grams, from each 

sheep were pooled in each treatment group and incubated 
at 27oC for 7 days before and after treatment. The L3 will 
be recovered using the modified Baemann technique21. The 
L3 will be counted and identified according to 
morphological keys by Van Wyk et al.22. 

 
2.8. Experimental design 

 
A complete randomized design was used to randomly 

distribute sheep into four groups with ten animals each 
according to Kaplan15 and Close et al.16. Group A was 
treated with macrocyclic lactones (Ivermectin, Oral, 2.5 ml 
per 10 kg bodyweight), Group B with benzimidazoles 
(Albendazole, Oral, 0.75ml per 10kg bodyweight), Group C 
with levamisole (Levamisole, Oral, 0.5ml chanaverm 7.5% 

per 5kgs bodyweight), and Group D was the control (not 
treated, Table 1).  

 
2.9. Data analysis 

 
Faecal egg count reduction test was calculated with the 

arithmetic mean EPGs for treatment groups. ANOVA used 
to test the mean egg counts at significant level of 0.05 using 
the Statistics Package for Social  (SPSS) Version 24, 202123. 

 

3. Results  
 
The mean arithmetic EPGs for all treatment groups was 

598.6 EPG (Table 2). The overall prevalence of the 
Strongyle type nematodes in sheep was 100%. The fecal 
count effectiveness was 58.5%, 70.1%, 85.8% for 
Ivermectin, Albendazole, and Levamisole respectively, 
while in the control group the fecal count effectiveness 
increased by 67.1%. The lowest rate of reduction was 
observed when ivermectin used (p < 0.05). All treatments 
showed a reduction less than 95% and the upper 
confidence intervals for all treatments was less than 95%, 
while the lower confidence interval limit was below 90%, 
thus all treatments have confirmed anthelminthic 
resistance.  

 
3.1. Larval identification 

 
Larval identification of the pre-treatment faecal 

cultures for all the groups indicated a high proportion of 
Hemonchus (H.) contortus with very high harvests ranging 
between 89–100%, while Oesophagostomum and 
Trichostrongylus were low in all four groups, with a 
percentage range from 1-8% (Table 3). Post-treatment was 
completely effective against Trichostrongylus indicating no 
resistance. Albendazole had a zero effect on H. contortus 
larvae, it significantly reduced the Cooperia species 
infection (p < 0.05). H. contortus indicated resistance 
against all treatments, and little reductions were observed 
for Oesophagostomum against all treatments. Cooperia 
species were recovered in post-treatment larval cultures 
and were resistant to ivermectin and levamisole. 

 
Table 2. The arithmetic faecal egg counts pre and post-treatment for each treatment group at Ballineety Farm in Dorper sheep, Zimbabwe 
 

Treatment 
group 

Mean EPG Efficacy 
P value 

Pre-treatment Post-treatment % U95 L95 Status 
Ivermectin 757a ± 91.5 314.0b ± 19.5 58.5 61.6 55.4 CAR < 0.001 
Albendazole 982a ± 19.5 293.0b ± 19.5 70.1 72.6 67.8 CAR < 0.001 
Levamisole 679a ± 19.5 96.0b ± 19.5 85.8 89.4 58.0 CAR < 0.001 
Control 429b ± 19.5 639.0a  ± 19.5 -67.1 43.3 54.3 - < 0.001 

ab row means with different superscripts are significant at (P < 0.05). EPG: Egg count per gram of faeces, CAR: Confirmed anthelminthic resistance, U95: 
Upper confidence interval, L95: Lower confidence interval (mean ± standard deviation) 
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Table 3. The proportion of larva in pre-treatment (day zero) and post-treatment (day 14) faecal samples of Dorper sheep in Zimbabwe  
 

 Pretreatment Post-treatment 
 Ivermectin Albendazole Levamisole Control Ivermectin Albendazole Levamisole Control 
Hemonchus contortus 96 89 96 92 94 100 88 88 
Oesophagostomum spp.  3 3 1 6 2 0 2 6 
Trichostrongylus spp. 1 8 3 2 0 0 0 0 
Cooperia spp. - - - - 4 0 8 6 

 
4. Discussion 

 
Based on WAAVP interpretation of FECRT results, when 

means were greater than 95% faecal reduction, there is 
lack of resistance16. At a reduction between 80% and 95%, 
resistance is suspected, while a faecal reduction is less than 
80% prove AR8. It was expected that an effective treatment 
should result in a zero egg count, thus finding eggs post 
treatment suggests presence of AR in the current study. 
The lower efficacy indicated by ivermectin were not 
expected , however a number of studies have stated AR 
against this product24,25. 

The findings are contrary to those of Kahiya26, that no 
AR was observed from 10 farms. It is therefore possible 
that, over the years, prolonged use of ivermectin led to the 
gastrointestinal nematodes developing resistance. In 
addition, ivermectin is rapidly absorbed irrespective of the 
administration route (orally or subcutaneously). After 
absorption it became evenly distributed throughout the 
body and is particularly concentrated in adipose tissue. The 
latter may have led to the reduced efficacy as the systemic 
therapeutic levels meant to kill the worm population may 
have not reached adequate efficacy levels. It is possible that 
the recommended manufacturer’s dosage rates (to the 
nearest kilogram), which are not exact, may have led to 
under dosing among some of the sheep thereby causing 
reduced efficacy. Nevertheless, the efficacy of ivermectin 
was very low and highly suggestive of resistance by worms 
irrespective of the other contributing factors, such as body 
condition and the manufacturer’s recommended dose of a 
single volume across a range of weight. When Albendazole 
used, the FECTR was still lower than 80% suggestive of AR 
to the drug. Intensive production has been muted to 
increase AR among sheep flocks27,28. The copious use of 
nematicides in the past has led to moderate level of 
nematode infections in sheep production, however the 
selection pressure of intensive anthelmintic use resulted in 
the pasture being laden with resistant parasite population, 
increasing sheep vulnerability and susceptibility10.  

 
4.1. Larval identification 

 
Haemonchus spp. were evidently resistant to all the 

anthelmintics used in the present study. The highest level 
of resistance was observed with Albendazole treatment. 
The reason that H. contortus is the predominant resistant 
species might have to do with the high biotic potential for 
one female, that can lay many eggs per day, about 1200 
eggs27. On the other hand, Albendazole  
was completely effective against Oesophagostomum 
Trichostrongylus, and Cooperia spp. suggestive of no AR for 

this drug. According to Saccareau et al.27, the parasite has 
developed resistance to virtually all known classes of small 
molecule anthelminthics and even multidrug resistance, 
hence very difficult to control. It is known that high 
parasitic loads are common on farms from peri-parturient 
infected ewes and does, no wonder kids and lambs are at a 
high risk. Nonetheless, results from the current study have 
shown that even weaners are at a high risk from this 
parasite. Interestingly, Arsenopoulos et al.29 have reported 
a drop of the faecal egg counts  in cattle, and that with time 
they acquire immunity against Haemonchus spp. As 
proposed by Morais-Costa et al.9 plants containing 
secondary compounds may provide alternatives for the 
control of GIN.  In sub Saharan Africa, a number of plants 
are presented with an enormous pool of phytochemicals 
that warrants further research as to their effectiveness in 
controlling nematodiasis in ruminants. It is believe that 
following the current study, more research will be done to 
evaluate such plants with anthelminthic properties. The 
presence of Cooperia spp. larvae  post treatment were also 
reported by Geurden et al.10.  However, Cooperia species 
are considered less pathogenic although negative effects 
have been recorded in cattle30. The presence of 
Oesophagostomum in both pre and post treatment samples 
is highly suggestive of Oesophagostomum resistance to 
Ivermectin and Levamisole. According to the FECRT 
guidelines, taking post treatment faecal samples within 10-
14 days after the treatment prevented differences between 
anthelmintic bioavailability provided that sampled earlier. 
While later than 14 days re-infections may be 
apparent11,27,28. 
 

5. Conclusion 
 
Nematodes were resistant to all expriented drugs in the 

current study. Albendazole was completely effective 
against Oesophagostomum, Trichostrongylus, and Cooperia 
spp. Various strategies are needed to minimize the 
selection pressure for the emergence of anthelmintic 
resistance in ruminants. The researchers of the present 
study contend that the persistent utilization and misuse of 
substances is prevalent within the community of small-
scale sheep breeders, consequently resulting in AR. The 
combination of anthelminthics can enhance the 
effectiveness of treatment, thereby reducing the likelihood 
of resistance genes being introduced into the worm 
population. Nutritional supplementation with tannins, 
genetic selection of resistant animals, and effective pasture 
management are essential strategies for eliminating AR in 
sheep production.  
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