
Evidence of Multiple Anthelmintic Resistance 

Amongst Dorper Sheep with Phenotypic Markers 

Against Parasitic Gastroenteritis in a Selected 

Farm in Perlis 

By 

Noor Al Majidah Binti Abd Majid 

A thesis submitted in fulfilment of the requirements of the degree 

of Master of Science 

Faculty of Veterinary Medicine 

UNIVERSITI MALAYSIA KELANTAN 

2023

M
AS

TE
R

 T
H

ES
IS



ii 

ORIGINAL LITERARY WORK DECLARATION 

I hereby certify that the work embodied in this thesis is the result of the original research 

and has not been submitted for a higher degree to any other University or institution. 

✓ OPEN ACCESS I agree that my thesis is to be made immediately available as 

hardcopy or on-line open access (full text)  
 

 EMBARGOES I agree that my thesis is to be made available as hardcopy or 

on-line (full text) for a period approved by the Post Graduate 

Committee. 

Dated from ________until_________ 

 

 CONFIDENTIAL (Contains confidential information under the Official Secret 

Act 1972)* 
 

 RESTRICTED (Contains restricted information as specified by the 

organisation where research was done)* 
 

I acknowledge that University Malaysia Kelantan reserves the right as follows. 

 

1. The thesis is the property of University Malaysia Kelantan. 

2. The library of University Malaysia Kelantan has the right to make copies for the 

purpose of research only. 

3. The library has the right to make copies of the thesis for academic exchange. 

__________________________ 

SIGNATURE OF CANDIDATE 

________________________ 

SIGNATURE OF SUPERVISOR 

930104-01-5516 

NRIC/PASSPORT NO 

DATE: 8 Mac 2024 

Dr Basripuzi Nurul Hayyan 

binti Hassan Basri 

NAME OF SUPERVISOR. 

DATE: 8 Mac 2024 

  
M

AS
TE

R
 T

H
ES

IS



iii 

Evidence of Multiple Anthelmintic Resistance Amongst Dorper Sheep with 

Phenotypic Markers Against Parasitic Gastroenteritis in A Selected Farm in Perlis 

ABSTRACT 

Parasitic gastroenteritis is a notable disease that has major impacts on small ruminant 

production. The infection is managed primarily reliant on the use of chemical 

anthelmintics. Nevertheless, the effectiveness of this approach is limited by the 

emergence of anthelmintic resistance. Therefore, it is imperative to reduce reliance on 

anthelmintics. The objective of this study was to assess the anthelmintic resistance status 

of a Dorper sheep farm under a semi-intensive system. Besides, this study also aimed to 

identify the phenotypic markers of resistance to parasite infection. Eighty sheep were 

screened for the criteria of Faecal Egg Count Reduction Test (FECRT) by using Modified 

McMaster method. Fifty-eight out of 80 sheep were identified as having faecal egg counts 

(FEC) exceeding 150 eggs per gram (epg). These sheep were segregated into five groups, 

comprising a control group and four anthelmintic treatment groups namely albendazole, 

fenbendazole, levamisole and ivermectin. Each group consisted of 11 to 13 animals with 

an average mean of FEC for each group were approximately similar ranging from 979 to 

1295 epg. The dosages and modes of administration of the anthelmintics were 

administered in accordance with the guidelines provided by the manufacturer. The second 

faecal sample was taken after 14 days for post-treatment FEC. The faecal samples of pre-

treatment and post-treatment were also analysed for infective stage larvae (L3) 

identification to genus level by faecal culture and species confirmation through 

polymerase chain reaction (PCR). Moreover, blood samples were also collected before 

and after treatment for packed cell volume (PCV) and peripheral eosinophil counts (PEC).  

A Spearman rank correlation analysis was conducted to examine the associations between 

the means of FEC, PCV, and PEC for each group.  Non-parametric statistical tests of 

Kruskal-Wallis and Wilcoxon rank sum were employed to analyse the significant 

differences of FEC and PEC in various groups. Parametric data of PCV was evaluated by 

a two-way ANOVA followed by a post-hoc test of Tukey Honest Significant Differences 

(HSD).. The FECRT results indicated severe to critical degree of resistance to albendazole 

(52%), levamisole (88%), fenbendazole (43%), and ivermectin (-45%) have been 

developed in this farm. Pre-treatment and post-treatment faecal culture revealed that the 

most prevalent genus of infective stage larvae (L3) infecting the sheep in the farm was 

Haemonchus contortus at 88% and 81% respectively. Findings from both pre-treatment 

and post-treatment showed significant negative correlations between FEC and PCV in the 

control, fenbendazole and ivermectin groups at r(103) = -.86, -.72, and -.78 (p=0.010) 

respectively for pre-treatment and r(103) = -.88, -.58, -.69 (p = 0.010) respectively for 

post-treatment. Additionally, significant positive correlations were observed between 

FEC and PEC during the pre-treatment of levamisole group at r(103) = .63 (p = 0.010) as 

well as during post-treatment of the control and levamisole  group at r(103) = .95 (p= 

0.010) and r(103) = .56 (p = 0.050), respectively. In conclusion, the present study reveals 

the existence of multiple anthelmintic resistance in the farm with potential existence of 

resistant traits of Dorper sheep against gastrointestinal parasite infections.  
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Bukti Kewujudan Pelbagai Rintangan Anthelmintik Terhadap Kambing Biri-Biri 

Baka Doper dengan Penanda Fenotip bagi Penyakit Parasitik Gastroenteritis di 

Sebuah LadangTerpilih di Perlis 

ABSTRAK 

Parasitik gastroenteritis merupakan penyakit yang penting dan memberikan kesan yang 

besar pada pengeluaran ruminan kecil. Jangkitan ini dikawal melalui penggunaan 

anthelmintik kimia. Walau bagaimanapun, keberkesanan pendekatan ini dibatasi oleh 

munculnya rintangan anthelmintik. Oleh itu, ia adalah penting untuk mengurangkan 

kebergantungan kepada penggunaan anthelmintik kimia. Tujuan kajian ini dijalankan 

adalah untuk menilai status rintangan anthelmintik di sebuah ladang kambing biri-biri 

baka Dorper di bawah sistem semi-intensif. Selain itu, kajian ini juga bertujuan untuk 

mengenal pasti ketahanan penanda fenotip terhadap jangkitan parasit. Sebanyak 80 ekor 

ternakan bebiri telah diuji bagi mengenalpasti ternakan yang memenuhi kriteria untuk 

Ujian Pengurangan Bilangan Telur Tinja (FECRT) dengan menggunakan kaedah 

Modified McMaster. Sebanyak 58 ekor daripada 80 ekor yang telah diuji tadi mempunyai 

bilangan telur tinja (FEC) yang melebihi 150 telur per gram (epg). Ternakan tersebut 

kemudian dibahagikan kepada lima kumpulan yang terdiri daripada kumpulan kawalan 

dan empat kumpulan rawatan anthelmintic iaitu albendazole, fenbendazole, levamisole 

dan ivermectin. Setiap kumpulan terdiri daripada 11 hingga 13 ekor ternakan dengan 

purata FEC untuk setiap kumpula adalah antara 979 sehingga 1295 epg. Dos dan kaedah 

pemberian anthelmintik adalah berdasarkan kepada rekomendasi daripada pengeluar 

anthelmintic. Sampel tinja kedua diambil selepas 14 hari bagi mendapatkan FEC selepas 

rawatan. Sampel tinja sebelum dan selepas rawatan juga dianalisis untuk pengenalan 

genus larva peringkat berjangkit (L3) melalui proses kultur tinja dan pengesahan spesies 

melalui reaksi rantai polimerase (PCR). Selain itu, sampel darah juga diambil sebelum 

dan selepas rawatan untuk isipadu sel darah merah (PCV) dan bilangan eosinofil periferal 

(PEC). Analisis korelasi kedudukan Spearman dijalankan untuk mengkaji hubungan 

antara FEC, PCV dan PEC untuk setiap kumpulan. Ujian statistik non-parametrik, iaitu 

Kruskal-Wallis dan Wilcoxon ranking sum digunakan untuk menganalisis perbezaan 

signifikan antara FEC dan PEC dalam pelbagai kumpulan. Data parameter PCV dinilai 

oleh ANOVA dua arah dan diikuti dengan ujian Tukey Honest Significant Differences 

(HSD). Hasil FECRT menunjukkan bahawa tahap rintangan yang teruk dan kritikal 

terhadap albendazole (52%), levamisole (88%), fenbendazole (43%), dan ivermectin (-

45%) telah wujud di ladang ini. Ujian kultur tinja pra-rawatan dan selepas rawatan 

mendedahkan bahawa genus larva tahap berjangkit (L3) yang berleluasa menjangkiti 

kambing biri-biri di ladang ini ialah Haemonchus contortus pada kadar 88% dan 81%. 

Penemuan dari pra-rawatan dan selepas rawatan menunjukkan korelasi negatif yang 

signifikan antara FEC dan PCV dalam kumpulan kawalan, fenbendazole dan ivermectin 

pada r(103) = -.86, -.72, dan -.78 (p=0.010) masing-masing untuk pra-perubatan dan r 

(103) = - -.88, -.58, -.69 (p = 0.010) masing - masing untuk pasca rawatan. Di samping 

itu, korelasi positif yang signifikan telah diamati antara FEC dan PEC semasa pra-rawatan 

kumpulan levamisole pada r(103) =.63 (p = 0.010) serta semasa selepas rawatan 

kumpulan kawalan dan levamisol pada r (103) = 0,95 (p= 0,010) dan r103 =.56 (P = 

0,050), masing-masing. Dalam kesimpulan, kajian ini mendedahkan kewujudan pelbagai 

rintangan anthelmintik di ladang dengan potensi kewujudan ciri-ciri ketahanan di 

kalangan kambing biri-biri baka Dorper terhadap jangkitan gastrointestinal parasit.  
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CHAPTER 1  
 

 

 

INTRODUCTION 

1.1 Background of study 

Small ruminant farming, while not as popular as other industries such as 

palm oil or manufacturing, plays an important part in Malaysia's agricultural 

industry. In recent years, Malaysia's small ruminant sector has been growing 

gradually, with an increasing number of farmers pursuing goat and sheep rearing. 

The main goal of small ruminant farming in Malaysia is to produce meat for 

domestic consumption needs. This sector is confronted with several issues, 

including a scarcity of high-quality breeding stock, a lack of nutrition, high 

operational cost, disease management, and market access (Birruntha, 2023). 

Concerns include a lack of technical understanding and a limited adoption of 

modern farming methods (MPC, 2020).  

Livestock industry in Malaysia contributes significantly to local economic 

growth and plays an important part in National Food Security Policy (MAFI, 

2021). According to statistics that were published by Department of Statistic 

Malaysia (DOSM), self-sufficiency ratio (SSR) for mutton from 2017 until 2022 

ranged between 10.2% to 10.7% with mutton consumption of 32,779.8 million 

tons in 2022 (DOSM, 2022). The import dependency ratio (IDR) of mutton were 

high between 88.2% to 90.6% in the past six years indicating that the small 

ruminant industry in Malaysia is still not producing enough supply for local 

consumption. 

One of the common threats that lead to low productivity, high mortality 

and eventually cause severe economic losses in livestock industry is 
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gastrointestinal parasite infections particularly in tropical and subtropical 

countries. In Malaysia, a study by Tan et al. (2017) discovered that sheep have the 

highest prevalence of gastrointestinal parasite infections (87.5%) in comparison 

to goats (79.4%) and deer (22.9%.) Several studies in different countries also 

showed the same trend where sheep have the highest gastrointestinal infection rate 

compared to goats (Singh et al., 2017; Abdurhaman & Abdulaziz, 2022; 

Ruhoollah et al., 2023).  

Various species of gastrointestinal parasites among small ruminant have 

been reported around the world (Papadopoulos et al., 2012; Win et al., 2020) 

However in Malaysia, the commonly reported gastrointestinal parasite infections 

were restricted to strongyle, strongyloids, Monieza spp., Trichuris spp., 

Paramphistomum spp., Fasciola spp. and coccidiosis (Khor et al., 2018). Among 

these common genera, strongyle was found to have the highest infection rate in 

sheep and goats in Malaysia (Tan et al., 2017; Khor et al., 2018; Azima et al., 

2020). The most predominant strongyle among small ruminants in this country 

and other tropical and subtropical regions of the world are the highly pathogenic 

Haemonchus contortus (Khadijah et al., 2006; Morgan et al., 2022; Carson et al., 

2023). H. contortus infection exhibits detrimental clinical symptoms such as loss 

of appetite, dehydration, weight loss, lethargy, anaemia, oedema and eventually 

cause death due to its biotic capacity and blood feeding activity (Besier et al., 

2016; Emery et al., 2016). In addition to haematological and biochemical results, 

these clinical signs can also be classified into hyperacute, acute, and chronic 

haemonchosis (Flay et al., 2022). 

Chemical anthelmintic is currently the most widely used method for 

treating and controlling gastrointestinal parasite infections among small ruminant 

worldwide. However, years of indiscriminate usage of anthelmintics has resulted 
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in a rapid escalating trend of resistance towards the drugs. This phenomenon 

significantly impacts the economy and animal welfare. According to study by 

Charlier et al., (2020), it has been reported that European countries allocated an 

estimated annual budget of approximately 38 million on the purchase of 

anthelmintics. In Australia, annual prevention costs against gastrointestinal 

parasites in sheep was at $436 million (Lane et al., 2015). The common factors 

that contribute to anthelmintic resistance are exposure to the same class of 

anthelmintics for a long period of time, under-dosing of hosts and routine 

prophylactic mass treatment practised by the farmer (Shalaby, 2013). 

Several studies reported the evidence of varying degrees of anthelmintic 

resistance from critical, severe to moderate among small ruminants in Malaysia 

(Khadijah et al., 2006; Nor-Azlina et al., 2011; Basripuzi et al., 2012; Abd Majid 

et al., 2022). Furthermore, the phenomenon of multiple anthelmintic resistance 

among small ruminants has also been shown recently in the other countries 

(Bihaqi et al., 2020; Dey et al., 2020; Bull et al., 2022). This condition is alarming 

as it impairs animal health and welfare as well as the economy generated from the 

small ruminant industry.  

Parasitic gastroenteritis poses a significant threat to the health and 

productivity of sheep. It can lead to reduced feed efficiency, anaemia, nutrient 

deficiencies, diarrhoea and dehydration. As a result, gastrointestinal parasite 

infections lead to major economic losses due to reduced growth rates, lower 

reproductive performance, increased mortality rates and elevated 

treatment costs, all of which add to financial pressures to the farmers. 

Furthermore, significant evidence of anthelmintic resistance has been observed 

globally, threatening the entire viability of the sheep sector, including this farm 

where the present study was conducted (Khor et al, 2018; Paul et al., 2020)  
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1.2 Problem statement 

Projek Integrasi Ternakan Chuping (PITC) farm is located in Chuping, 

which is northeast of Kangar, the state capital of Perlis. It is owned by a Malaysian 

government agency and focused on breeding program. The breeders were 

imported from Australia in 2017 with certification of pure Dorper breed. As a 

breeder farm, reproductive performance has become main key performance 

indicator (KPI) each year which include conception rates, pregnancy rates, 

lambing rates, growth rates as well as mortality rates. 

Physical examination on the Dorper sheep population at the PITC farm 

revealed that a significant number of individual animals displayed clinical 

manifestations consistent with gastrointestinal parasite infections. These 

manifestations included pale mucous membranes, ill-thrift, scours, bottle jaw, and 

sub-optimal weight gain.  

In the preceding four years, the implementation of a herd health program 

which encompassed parasite control management on the sheep flock has been 

carried out in this farm annually utilising common anthelmintic drugs such as 

albendazole, fenbendazole and ivermectin. The parasite control management was 

implemented on a quarterly basis each year involving the entire flock. 

Nonetheless, there was no improvement on the clinical signs associated with 

parasitism after the treatments.  

Moreover, farm records showed that reproductive performance 

particularly pregnancy rates and lambing rates among the breeder gradually 

decreased with significant mortality rates. These problems suggest the possibility 

of anthelmintic resistance development in the gastrointestinal parasite population 

infecting the sheep flock.  
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However, thorough parasitological tests to determine the faecal egg counts 

(FEC) and anthelmintic resistance have never been carried out in this farm to 

investigate the concerning issues. Therefore, the present study was undertaken as 

a collaborative effort between Universiti Malaysia Kelantan and FELDA that 

owned PITC with the aim to determine the prevalence of gastrointestinal parasite 

infection among the Dorper sheep population. Additionally, the investigation was 

aimed to detect the anthelmintic resistance development in this farm. The findings 

from this research could help the farmer to tackle the problem by implementation 

of proper control strategies against gastrointestinal parasitism.  

1.3 Focus of study 

This research focused on determining the prevalence of gastrointestinal 

parasites and larval species identification among Dorper sheep in the breeder 

farm. In addition, FECRT was also conducted to analyse the anthelmintic 

resistance status in this farm. Besides, the relationship between phenotypic 

markers of gastrointestinal parasite infections namely the FEC, PCV and PEC 

were also investigated for their potential as resistance traits that could be used in 

the future for selective breeding in Dorper sheep.  

1.4 Research objectives 

The objectives of this study were: 

i. To determine the percentage of gastrointestinal parasite genera among 

Dorper sheep in PITC farm; 

ii. To investigate the status of anthelmintic resistance in the Dorper breeder 

farm; and 
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iii. To investigate the relationship of FEC, PCV and PEC among Dorper sheep 

in the farm.  

1.5 Research hypothesis 

The hypothesis of this research were: 

i. H. contortus is the most prevalent species infecting the Dorper sheep with 

the presence of multiple anthelmintic resistance in this farm. 

ii. FEC is positively correlated with PEC and negatively correlated with 

PCV. 

1.6 Significance of the study 

This study is critical in assessing the prevalence of gastrointestinal parasite 

infections and the status of anthelmintic resistance in PITC farm. The findings 

may aid in the identification of the most effective and ineffective anthelmintics 

hence providing valuable inputs for a sustainable and economical parasite control 

program in the farm.  This study may also help in the justification for anthelmintic 

selection, treatment frequency, pasture management, and other control measures 

to solve problems caused by the gastrointestinal parasite infections in this farm.  

The findings on the relationship between phenotypic markers of 

gastrointestinal parasite infections namely the FEC, PCV and PEC may provide a 

better understanding to determine the sheep that are susceptible or resistant to 

parasitic infestations. The findings could also aid in the selection of resistant sheep 

for breeding purpose in the farm.  

The findings of this study may provide beneficial information to improve 

the overall performance of this farm through an effective herd health program, 
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which also leads to a successful breeding program. Thus, this will eventually 

contribute to Malaysia's national agenda to meet the self-sufficient level of 

ruminant production by increasing the sheep population. 
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CHAPTER 2  
 

 

 

LITERATURE REVIEW 

2.1 Gastrointestinal parasite life cycle 

2.1.1 Free living stages 

Life cycle of Haemonchus contortus, Trichostrongylus spp. and 

Oesophagostomum spp. is generally similar and straightforward as there is no 

involvement of any intermediate host. The eggs of these gastrointestinal parasites, 

trichostrongylids are excreted in the feaces of infected animals and hatch into L1, 

continuing to moult through L2 into the L3 on pasture. Development of parasite 

egg to infective L3 can occur within six days under optimal conditions (Basripuzi 

et al., 2013). The maximum environmental limits for L3 development are reported 

to be at a temperature of 28°C and a humidity level of over 70% (Rossanigo & 

Gruner, 1995). 

The prolonged survival of L3 in contrast to L1 and L2 may be attributed 

to their  desiccation resistance (O’Connor et al., 2006), possession of a protective 

sheath and capability to relocate to more conducive microenvironments 

(Amaradasa et al., 2010). Unlike L1 and L2 that survive on the faecal microbial, 

L3 survival relies on their stored energy (Barger, 1999).  Under low temperature 

conditions, the larvae exhibit a state of inactivity, consume minimal energy, and 

possess the ability to endure low temperatures at extended periods of time. This 

enables the larvae to persist through the winter season. However, in regions with 

tropical climates, the viability of L3 is generally limited to a duration of fewer 

than five weeks (O’Connor et al., 2006). This is due to the activity levels of the 
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larvae which migrate from the faecal materials to the surrounding environment, 

which result in increased consumption of energy stores. 

Upon ingestion by susceptible animals, the L3 differentiate and undergo a 

process of shedding protective sheath while passing through the gastrointestinal 

tract. Subsequently, they enter a histotropic phase before progressing to L4 and 

pre-adult stages (L5). In the event of unfavourable conditions in the host, the L4 

of trichostrongylids will enter a state of arrested development known as 

hypobiosis. The larvae will continue their activity and maturation on the return of 

favourable conditions.  The L5 larvae will then develop into adult forms, 

subsequently begin reproduction and producing eggs (Roeber et al., 2013). 

 

Figure 2.1:  Life cycle of gastrointestinal nematode infections in sheep (Adapted 

from Abbott et al. (2012)) 
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2.1.2 Haemonchus contortus 

Haemonchus contortus is also known as the ‘barber’s pole worm’ due to 

its characteristic red spiral appearance. The blood-filled intestine spirals around 

the female’s white uterus, providing the barber’s pole worm its striped appearance.  

It also has large size between 2 to 3 cm. The male worms have extended spicules 

(398–506 μm), whereas the females have a variety of vulvar flap morphologies 

(Arsenopoulos et al., 2021). 

Animals become infected with H. contortus by ingesting the infective L3 

larvae from contaminated pasture. The larvae penetrate the stomach lining, 

migrate through the bloodstream, and eventually reach the abomasum where they 

may lay latent within the gastric glands. The larvae mature into adult parasite in 

the abomasum, which then exit and attach to the abomasal surface via a buccal 

tooth to feed on blood (Gelberg, 2017). The larvae can achieve sexual maturity 

within 14 to 19 days before the females start producing eggs. Female H. contortus 

are prolific egg layers and can produce about 5000 to 15,000 eggs per day per 

female (Emery et al., 2016). The eggs are then excreted through the faeces 

completing the life cycle. 

Haemonchus contortus causes significant damage to the host through 

several mechanisms. Both juvenile and adult of H. contortus are voracious blood 

feeders in which 10 worms consuming as much as 0.5 ml of blood each day. 

Infections with more than 500 worms may therefore result in anaemia and 

mortality even before the prepatent period ends. The daily blood loss for a burden 

of 10,000 worms would be approximately 500 ml according to Carson et al. 

(2023). Besides, this parasite also causes hypoproteinemia and consequently 

subcutaneous oedema that is also called as ‘bottle jaw’ due to the increase in 

osmotic pressure that caused the bodily fluids to ooze into the body cavity.  
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Other common clinical findings observed on the infected animals also 

include pale mucous membranes, stunted growth and diarrhoea (Gelberg, 2017).  

Haemonchosis also causes damage to the gastric mucosa, which can lead to the 

formation of ulcers and erosion. Additionally, pathological changes also include 

the presence of hyperplasia of mucous derived cells, petechial haemorrhages, and 

mucosal blood vessel congestion. As a result of mast cell and eosinophil 

penetration, the abomasal mucosa and submucosa becomes oedomatous in 

chronic infection (Flay et al., 2022). In severe cases, it can result in hemorrhagic 

gastritis and even death. 

According to Arsenopoulos et al. (2021), there are three forms of 

haemonchosis which are hyperacute, acute and long-standing forms. Hyperacute 

form is distinguished by a significant level of infection, estimated to be around 

30,000 adult parasites. This condition results in the development of severe 

anaemia and haemorrhagic abomasitis which lead to sudden death of the infected 

animals.  The second form of acute haemonchosis is characterised by anaemia in 

infected animals, with mortality of some of the infected animals occurring four to 

six weeks after the initial infection. Animals with significantly low burden of H. 

contortus infection for an extended period of time is defined as long-standing 

haemonchosis. Animals in this condition will be clinically unrecognised until 

there is a sudden high parasite burden or low immune response of the host. Factors 

that contribute to this type of infection are development of anthelmintic resistance 

and co-infection with the other parasites species. 

2.1.3 Trichostrongylus spp. 

There are several species of Trichostrogylus affecting small ruminant at 

different segments of the gastrointestinal tract. Trichostrongylus vitrinus and 
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Trichostrongylus colubriformis infect the small intestine while Trichostrongylus 

axei resides in the abomasum of sheep and goats. T. axei develops in the stomach, 

with larvae penetrating the mucosa crypts and emerging as adult worms 

approximately 15 days after infection. T. axei then alters the gastric mucosa and 

increase the abomasal pH approximately from 2.0 to 7.0 (Craig, 2009). Clinical 

signs showed by affected animals include ill-thrift, anorexia, reduced milk 

production, loss of weight, diarrhoea and dehydration. 

The intestinal species of T. colubriformis and T. vitrinus develop in the 

mucosa crypts of the small intestine and emerge as adult worms. These worms 

cause villus atrophy of the interior small intestine. As a result, infected animals 

lose protein through the intestinal lumen leading to body mass loss. The infection 

can cause clinical signs such as anorexia, weight loss, diarrhoea, dehydration, and 

potentially rickets in lambs. The colour of the diarrhoea is often dark, which is 

commonly referred to as the "black scours worm." (Delano et al., 2002). 

According to a study conducted by Tan et al. (2014), Trichostrongylus spp. 

was found to be the second most common parasite among livestock in Malaysia, 

following the predominant H. contortus. Among Trichostrongylus spp., T. 

colubriforms is the most frequently encountered in small ruminants. Furthermore, 

co-infection of T. colubriforms with other gastrointestinal parasites often occurs 

in small ruminants resulting in a more severe impact on the host compared to a 

single infection (Basripuzi et al., 2020).  Study conducted by Tafere et al. (2022) 

revealed that sheep infected with T. colubriforms had a significant lower PCV than 

uninfected sheep with macroscopic lesions of oedema, petechial haemorrhages, 

hyperaemia and mucosal slough especially in the jejunum and duodenum. 
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2.1.4 Oesophagostomum spp. 

Oesophagostomum spp. also known as ‘nodular worm’ due to multiple 

nodule formation in the intestinal mucosa of infected animals. Species that is 

commonly infecting small ruminants is Oesophagostomum columbianum. 

Following L3 ingestion by the host, this parasite penetrates deeply into the small 

intestinal wall causing formation of inflammatory nodules around the L3. Then, 

they excyst and moult into L4 in the nodules before emerging into the intestinal 

lumen causing formation of haemorrhagic nodules. The L4 migrates, moult into 

L5 and ultimately mature in the colon (Gelberg, 2017). 

Gross lesions observed in animals with oesophagostomosis include 

fibrotic, elevated nodules of up to 5 mm diameter in the intestinal mucosa of both 

small and large intestines.  Besides, the wall of large intestine becomes 

significantly oedematous and thickened with nodular masses projecting into the 

lumen (Satish et al., 2018). 

Intestinal lesions from the inflammatory response have the potential to 

expedite peristalsis, which can cause diarrhoea, or impede peristalsis in later 

stages, leading to constipation. The observed clinical manifestations comprise of 

weakness, lack of vigour, intermittent diarrhoea and constipation, and substantial 

reduction in body mass (Delano et al., 2002). Besides, this infections also cause 

the formation of chronic granulomas in the form of nodules, peritonitis following 

the rupture of nodules, intestinal malabsorption, anaemia and hypoproteinaemia 

(Stephen, 2017). 
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2.2 Anthelmintic resistance  

The use of chemical anthelmintic has played a significant role in the 

management of gastrointestinal parasite infections. Nevertheless, the extensive 

usage of these drugs has led to severe and alarming level of resistance.  

Anthelmintic resistance is an inherited loss of sensitivity to an anthelmintic in a 

parasite population that was previously sensitive to the same anthelmintic. It is 

said to be present when a larger proportion of parasites are resistant to 

anthelmintic doses as opposed to a normal population of the same species. This 

resistance is then able to pass down from one generation to another (Abbott et al., 

2012).  

There are three types of anthelmintic resistance according to Nipane et al.  

(2008), which are cross resistance, side resistance and multiple resistance. The 

first type of resistance is known as cross resistance. It occurs when a parasite strain 

manages to survive the anthelmintic doses of treatment that are either chemically 

unrelated or possess a distinct mechanism of action. Side resistance develops 

when there is a selection by another anthelmintic with a similar mechanism of 

action such as resistance among benzimidazole class of drugs and resistance 

between levamisole and morantel. Multiple resistance is the third form of 

anthelmintic resistance, and it refers to the emergence of resistance to more than 

two anthelmintics with similar or dissimilar mechanisms of action. This type of 

resistance occurs as a result of either selection by each group independently or 

through side resistance (Nipane et al., 2008).  

Anthelmintic resistance development is influenced by several factors. 

These includes frequency of treatment, mass treatment, underdosing of 

anthelmintic dose rates and development of resistance genetics of parasites 

(Abbott et al., 2012). The more frequent anthelmintic treatment is given, the 
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quicker resistance develops. This is due to better opportunity for the surviving 

parasites to reproduce and replicate over the susceptible parasites following two 

to three weeks after anthelmintic administration (Abbott et al., 2012). Besides, 

mass prophylactic treatment of more than 80% of the flock is reported to 

contribute to anthelmintic resistance. Inaccurate anthelmintic dose because of 

visual weight estimation permits heterozygous resistant parasites to survive and 

aids in the selection of resistance variants (Nielsen et al., 2010). Not only that, the 

introduction and ongoing use of anthelmintic also provides a survival advantage 

to pre-existing resistant parasites which enable them to reproduce rapidly and 

eventually lead to high frequency of resistance parasites within the population 

(Fissiha & Kinde, 2021). 

Anthelmintic resistance develops through several mechanisms. These 

include enhance cellular efflux mechanisms, improve drug metabolism, alter drug 

receptor sites that diminish drug binding or the functional effects of drug binding 

and reduce receptor abundance of the drug by lower expression or another method 

for downregulation (Fissiha & Kinde, 2021).  

2.2.1 Status of anthelmintic resistance in Malaysia 

In Malaysia, resistance against benzimidazole was first reported in early 

1990s on 33 out of 96 goat farms around Peninsular Malaysia through a study 

carried out by Dorny et al. (1994). Benzimidazole resistance in four sheep farms 

has also been reported in the same year by Pandey & Sivaraj, (1994). Another 

study conducted in late 1990s has shown parasite resistance against benzimidazole 

in 50% of the sheep farms located in Perak, Kelantan, Kedah, Terengganu, Johor, 

Pahang and Penang and 75% of the goat farms in Perak, Kelantan, Johor and 

Negeri Sembilan (Chandrawathani et al., 1999). A 3-year study on a government 
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farm in Kedah, Malaysia, revealed an escalating level of resistance to 

benzimidazole, levamisole and ivermectin as well as suspected resistance to 

moxidectin (Chandrawathani et al., 2003). Another FECRT investigation on three 

government-owned sheep farms and two government-owned goat farms revealed 

that all five farms were resistant to oxfendazole, moxidectin, levamisole, and 

closantel (Khadijah et al., 2006). 

A government sheep farm located in Johor, Malaysia has also showed 

suspected parasite resistance to ivermectin, closantel and cydectin with a complete 

resistance to fenbendazole (Sabariah et al., 2017). Besides, a total resistance to 

albendazole, fenbendazole, ivermectin and levamisole was reported in a large 

scale sheep farm located in Terengganu, Malaysia (Khadijah et al., 2018). In the 

same states, four goat farms were reported to exhibit resistance to all anthelmintics 

tested namely benzimidazole, levamisole, ivermectin and closantel (Nor-Azlina 

et al., 2011). A study conducted in six small scale goat farms in Perak revealed 

that three farms had a total resistance to benzimidazole, ivermectin, levamisole, 

and closantel, one farm had resistance to benzimidazole and possible resistance to 

levamisole, ivermectin, and closantel, and the rest of the farms had resistance to 

the three classes of anthelmintic except levamisole (Premaalatha et al., 2014). 

Parasite resistance to common anthelmintics among goat populations have also 

been reported in Kelantan and Perak (Basripuzi et al., 2012; Premaalatha et al., 

2019). Recently, a study conducted by Abd Majid et al. (2022) in a sheep farm 

located in Perlis, Malaysia revealed development of multiple anthelmintic 

resistance towards albendazole, levamisole, fenbendazole and ivermectin. 

Anthelmintic resistance was not only reported in Peninsular Malaysia, but 

also in Sabah; where there were complete parasite resistance to benzimidazole, 
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imidazothiazole, macrocylic lactone and salicylanilide shown in sheep and goat 

farms (Chandrawathani et al., 2004). 

2.2.2 Multiple anthelmintic resistance development in other countries 

Multiple anthelmintic resistance has been observed worldwide, and it is a 

serious problem in small ruminant production systems. This problem affects not 

only Malaysia, but also the rest of the world. Studies have demonstrated the 

presence of resistance to different class of anthelmintics including 

benzimidazoles, levamisole, macrocyclic lactones such as ivermectin and other 

novel types of anthelmintic drugs. According to a recent study conducted by Dey 

et al. (2020), resistance to albendazole, levamisole, and ivermectin has been 

documented in seven geographical zones of Bangladesh. Faecal culture from the 

study also demonstrated that common nematodes such as H. contortus, 

Trichostrongylus spp., and Oesophagostomum spp. were resistant to these 

anthelmintics. Another research performed at a commercial goat farm in Kashmir, 

India, discovered that the farm had established triple resistance to fenbendazole 

(62.5%), closantel (86.2%), and ivermectin (90.0%) after 14 days of anthelmintic 

treatment. The most frequent strongyles found on this farm were H. contortus, 

Teladorsagia circumcincta, and Trichostrongylus colubriformis (Bihaqi et al., 

2020). 

In addition to the reported incidence in Asia, resistance to more than two 

classes of drugs have evolved in Western and North American countries. The 

FECRT were performed in 13 farms in southwest England and the results revealed 

that all tested farms had developed resistance to three types of anthelmintic drugs 

namely benzimidazole, levamisole and ivermectin. Resistance to levamisole, 

ivermectin, and moxidectin has also been found to be fast growing during the last 
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three years (Bull et al., 2022). Furthermore, H. contortus was the most common 

strongyle detected in 85% of the farms studied prior to anthelmintic treatment 

(Bull et al., 2022). 

Furthermore, FECRT was carried out in 22 sheep farms located in the 

south area of Brazil to test the efficiency of abamectin, albendazole, closantel, 

levamisole, monopantel and trichlorphon drugs. This research demonstrated that 

all flock were resistance to at least three anthelmintics tested in the study (Oliveira 

et al., 2017). Another study in four Colombian sheep farms revealed that multiple 

resistance were developed in three out of four farms towards fenbendazole 

(51.4%-76.7%), albendazole (0%-55%), ivermectin (67.3%-93.1%), moxidectin 

(49.2%-64.1%) and levamisole (0%-78.1%) (Gárcia et al., 2016). 

2.3 Laboratory diagnosis of gastrointestinal parasite infections in ruminants  

2.3.1 Faecal smear 

Faecal smear testing is a frequently used diagnostic procedure for 

identifying motile gastrointestinal parasite infections particularly on diarrheic 

animals. It entails microscopic analysis of faecal samples to detect and quantify 

parasite eggs, larvae, or oocysts. This technique includes mixing a very little 

quantity of faeces with saline solution or a water. The mixture is then placed on a 

slide, covered with a coverslip and examined under a low magnification 

microscope. The presence of faecal material together with tiny volume of faeces 

may reduce the reliability of this method (Abdisa, 2018). Due to the limitation of 

this approach, any negative results should be accompanied by other techniques 

such as simple floatation, McMaster method and sedimentation. 
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2.3.2 Faecal floatation 

The simple floatation technique is used to detect nematode and cestode 

eggs as well as coccidian oocysts. It is important in early surveys to determine the 

group of parasites that are infecting the animals. This method employs the use of 

a floatation solution having a specific gravity more than 1.2 (Abdisa, 2018). The 

principle of this method is to extract eggs from faeces by allowing them to float 

in the saturated salt or sugar solution. This floatation technique happens as a result 

of weight differential between parasite eggs or coccidian oocyts and faeces within 

the saturated solution. Among the most often utilised faecal floatation solutions 

are sodium chloride, sodium nitrate, Sheather’s sugar, zinc sulfate and magnesium 

sulfate (Samples, 2013). The fundamental advantage of this approach over 

sedimentation method is that it produces clearer solution of faecal material. 

However, the walls of eggs and oocyts frequently rupture during floating hence 

difficult to be detected microscopically.  

Another type of floatation technique is known as centrifugal floatation. 

The aim of this technique is to separate the faecal material from parasitic eggs and 

allow the eggs to float to the surface of solution. This will result in a clearer sample 

for examination. Most parasitologists favour this method over simple floatation 

as the centrifuge process allows for a more quick, efficient, and comprehensive 

separation of eggs and faecal debris (Samples, 2013). 

2.3.3 Sedimentation 

The faecal sedimentation method is used to isolate and identify parasite 

eggs that have a higher specific gravity than frequently used flotaation solutions. 

Trematode eggs are generally larger in size and denser in comparison to other 
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types of eggs. Hence, this technique uses solutions of lower SG than the parasite 

eggs and results in sinking the eggs at the bottom of the sediment. Formalin-ethyl 

acetate concentration sedimentation procedures are believed to be less prone to 

technical mistakes (CDC, 2016). 

2.3.4 Faecal culture 

The faecal culture approach is often used to harvest the third-stage larvae 

(L3) of gastrointestinal parasites in ruminants for identification to genus level. A 

7-day incubation period at ambient temperature provides an ideal environment for 

nematode egg hatching and development into the L3 stage. L3 findings are 

presented as a percentage by recognising the L3 up to 100 enumeration (Coles et 

al., 2006).  This method also allows the identification of specific nematode genus 

that exhibit resistance or susceptibility to various classes of anthelmintic drugs 

during FECRT (Salgado et al., 2019). However, it is important to ensure the 

incubation condition is consistent between pre- and post-anthelmintic treatment 

in order to avoid unreliable results. 

Most gastrointestinal parasite eggs are typically similar in shape and size 

and not readily identified, but the third-stage infective larvae known as  L3 can be 

differentiated based on morphological distinction (Lyndal-Murphy, 1993). Faecal 

culture technique provides a convenient environment for parasite eggs to hatch 

and develop to L3. Hence, this method aids in harvesting L3 for enumeration and 

identification to genus level (Basripuzi et al., 2018). 
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2.3.5 Faecal egg count  

There are several methods for performing faecal egg counts (FEC) in small 

ruminants. The McMaster method is the most extensive parasitology technique 

conducted to estimate the number of parasite eggs per gram of faeces. The 

findings from McMaster method can be used to determine the level of 

gastrointestinal parasite infections among ruminants. This method is known as the 

simplest and affordable quantitative parasitology method as it does not require 

complex laboratory equipment. In sheep, FEC have been found to be closely 

connected to H. contortus and Trichostrongylus spp. worm loads (Saddiqi et al., 

2012). The results from McMaster method aid in directing treatment decisions, 

verifying gastrointestinal parasite infections, determining the efficiency of 

chemical anthelmintics, and assessing the status of pasture contamination. 

However, interpretating the FEC results is influenced by several factors which 

include sampling time, number of tested animals, storage quality of faecal 

samples, consistency of the technique followed, nutritional state of the animal as 

well as the type of operational activity in the farm (Sabatini et al., 2023). 

To increase the accuracy of the McMaster method, various modification 

are made to the weight of faecal samples, quantities and types of floatation 

solutions, centrifugation processes, and the number of McMaster slide chambers 

counted (Chandrawathani et al., 2015). According to Gordon and Whitlock 

(1939), modified version of the original McMaster method enables for the 

detection of minimum 50 eggs per gram from each faecal sample. The Modified 

McMaster method aims to minimise errors due to overcrowding of eggs, enhance 

the distribution of the eggs and provide a representative sample for counting. 

These modifications are supposed to enhance the accuracy and reliability of FEC. 

According to Chandrawathani et al. (2015), there is no statistically significant 
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difference between utilising a single and double McMaster chambers to measure 

FEC of gastrointestinal parasites particularly the strongyles. However, in 

commercial farms, a single chamber is more practical since it is faster, require less 

work, and gives more sensitive and accurate results.  

Several additional FEC procedures have been developed to increase the 

accuracy of the testing. This comprises the Wisconsin modified method, FECPAK 

and FLOTAC (Sabatini et al., 2023). The modified Wisconsin approach requires 

modifying the centrifugation procedure to allow consistent parasite egg recovery. 

FLOTAC method offers a higher sensitivity and accuracy at it allows the detection 

of one egg per gram of faeces. There is a more efficient technology called mini-

FLOTAC that does not require centrifugation and has a high sensitivity of five 

eggs per gram of faeces. Another modification of FEC method is known as 

FECPAK. This method allows for a detection limit of 30 to 35 egg per gram of 

faeces. What is more advance is that the latest version of FECPAK technique also 

includes taking digital photos of samples that can be saved and the counting 

process does not require a microscope. This current approach may be simply 

prepared in the farm without the use of high technical laboratory equipment nor 

technical knowledge.  

The measurement of FEC plays a crucial tool for evaluating the severity 

of gastrointestinal parasite infections in small ruminant hosts. Data derived from 

the FEC is used in guiding decisions pertaining to parasite control program 

(Ngongeh, 2017). Because of that, FEC is the primary and most feasible method 

used as indicator traits for resistance in breeding program (Saddiqi et al., 2012). 

It was reported that resistance to different strongyle parasites has a strong genetic 

correlation (Douch et al., 1996; McManus et al., 2014). The FEC between 

Strongyle and Nematodirus showed a strong positive genetic correlations (r=0.74; 
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p<0.05) (Bishop & Woolliams, 2004; Pacheco et al., 2021), implying that 

selection for one species might alleviate part of the challenge given by the other. 

Additionally, the heritability of FEC in small ruminants is moderate, ranging from 

0.2 to 0.4 (Woolaston & Baker, 1996; Bishop & Morris, 2007). This moderate 

heritability could be due to wide range of lamb age at sampling and low 

repeatability of the trait (Lowe, 2022). 

The FEC serves as a valuable phenotypic marker in selective breeding 

programs for small ruminants, allowing breeders to identify animals with higher 

resistance to gastrointestinal parasites. By selectively breeding for lower FEC, 

breeders can enhance the overall resistance of a population, leading to improved 

animal health and reduced economic losses associated with parasite infections 

(Gunia et al., 2013; Gowane et al., 2019).  

One of the limitations of using FEC as a resistance marker is that it 

necessitates infecting animals, either through natural or artificial means to 

determine the FEC value (Valilou et al., 2015). A study conducted by Gowane et 

al. (2019) had proposed a  successful selective species-specific breeding protocol 

for parasite resistance based on FEC measurement of natural infection (Gowane 

et al., 2019). In the United Kingdom, breeders are guided in selecting lambs with 

parasite resistance which includes exposing the lambs to ‘dirty’ pastures for a 

minimum of four weeks, avoiding anthelmintic treatment for at least four weeks 

and collecting pooled sample for FEC measurement. Once pooled samples 

showed results of over 300 egg per gram, then only individual lambs could be 

sampled.  Accurate breeding values can only be obtained if the lambs are over 18 

weeks old with large sample size (Boon, 2023).  

Apart from that, the process of collecting faecal samples is reported to be 

time consuming, laborious  and costly in terms of lamb performance (Lowe, 
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2022). This usually happens when there is a conflict between selecting lambs with 

low FEC or high production traits. However, it is recommended that breeders 

apply moderate selection pressure for low FEC while continuing to select for 

desirable production characteristics such as size of litter, maternal ability, rate of 

growth and fat depth. 

2.3.5.1 Feacal egg count reduction test 

The utilisation of FEC serves as a valuable tool in assessing the 

effectiveness of anthelmintic treatment through Faecal Egg Count Reduction Test 

(FECRT). This is achieved by closely monitoring the extent of reduction in faecal 

egg output exhibited by the specific parasite of interest subsequent to the 

administration of the anthelmintic agent (Coles et al., 1992). According to FECRT 

protocol developed by COMBAR (2021), each treatment group should include at 

least 10 animals that have not received anthelmintic treatment in the previous 6 

weeks. The selection of animals should be based on their pre-treatment FEC 

exceeding 150 epg, as recommended by Coles et al. (2006). In order to obtain 

reliable results on the anthelmintic efficacy, a minimum mean of 150-200 epg for 

each treatment group must be counted before administering the treatment (Coles 

et al., 1992, 2006; Kaplan, 2020). Moreover, the same animals must be sampled 

before and after treatment; on Day 0 and between 7 to 21 days later, depending on 

the anthelmintics tested. When testing two or more types of anthelmintics in the 

same flock, post sampling can be done on Day 14  (Coles et al., 2006). It is vital 

to note that the maximum precision and accuracy of the lowest detection limit 

gives the ideal method of approach when it comes to FECRT. 
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2.3.6 Packed cell volume 

Packed cell volume (PCV), also known as hematocrit provides important 

information about the concentration of red blood cells (RBCs) in the blood to 

determine the severity of anaemia (Tsukahara et al., 2019). This PCV percentage 

is typically used to track the effects of blood-feeding parasite such as H. 

contortus  in small ruminants (Saddiqi et al., 2012). A negative correlation 

between PCV and FEC was reported on sheep with natural infection (Tsukahara 

et al., 2019b). Nevertheless, the nature of the interaction differed between goat 

and sheep breeds. According to Gauly & Erhardt (2001), haematocrit method to 

measure PCV is only a relevant indicator for gastrointestinal parasite infections if 

blood-sucking parasites like H. contortus are the dominating species. 

The correlation between low PCV values and high FEC is frequently 

observed as a result of the significant blood loss from the abomasum caused by 

adult parasites, as reported by Baker et al. (2003). PCV resistance has also been 

shown to be slightly higher in susceptible breeds such as Red Maasai, Dorper and 

Morada Nova (Baker et al., 2003; Haehling et al., 2021).  

In addition,  PCV showed a significant negative correlation with 

FAMACHA score (Valilou et al., 2015). The FAMACHA method was found to be 

highly sensitive (70.6%) when assessing sheep with scores of 3 or higher, 

accompanied by PCV levels of below 23% (Moreira et al., 2021). It also 

demonstrated high specificity (97.5%) in identifying animals with scores of 4 and 

5, alongside PCV levels of below 18%. These suggest that the FAMACHA method 

is a reliable tool for evaluating the health status of sheep and can be particularly 

useful in identifying animals with severe anaemia on top of PCV measurements. 

However, it is important to note that FAMACHA scores may vary among host 
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breeds and species as anaemia may be caused by multiple factors which include 

nonparasitic disorders such as iron deficiency and starvation(Burke et al., 2007).  

2.3.7 Peripheral eosinophil count  

Eosinophils play an important role in host defence against gastrointestinal 

parasite infections through various mechanisms, including antibody-dependent 

cellular toxicity (ADCC), elevation in eosinophil counts during parasite 

infections, and degranulation in the presence of helminths (Jenvey et al., 2020). 

The development of eosinophils is stimulated by Th2 immune response (McRae 

et al., 2015). Eosinophils exhibit directed migration towards a parasite target in 

response to diverse chemoattractants, including IL-5. The larval stages were killed 

through the regulation of the immune system, involving the degranulation and 

subsequent release of eosinophil secondary granule proteins (EPGPs), as well as 

the restoration of damaged tissues (McRae et al., 2015). 

Sheep with high levels of eosinophils exhibit a negative correlation with 

FEC, indicating that strong immune responses are linked to low FEC (Stear et al., 

2002). Nevertheless, the mechanism of actions is reported to differ between 

parasite (Henderson & Stear, 2006) and host species (Hayyan et al., 2020) as well 

as among host breeds (Albuquerque et al., 2019). In a recent investigation 

conducted by McBean et al. (2023), it was observed that goats specifically chosen 

for their low FEC exhibited elevated levels of eosinophils in both abomasal and 

intestinal tissues subsequent to artificial infection with Telodorsagia circumcincta 

and Trichostrongylus vitrinus.  

Thus, the immune response of eosinophilia could be considered as the one 

of phenotypic markers of resistance to gastrointestinal parasite infections among 

small ruminants (Douch et al., 1996; Bishop, 2012). This is because eosinophil 
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counts have been shown to be elevated dramatically in blood and tissues of the 

host following infection and migrate directly towards the target to kill the infective 

parasite larvae (Balic et al., 2000). 

2.4 Control of gastrointestinal parasite infections 

2.4.1 Chemical anthelmintics  

Due to the limited efficacy of non-chemical anthelmintic alternatives, 

anthelmintic drugs are the primary technique of controlling gastrointestinal 

parasite infections among small ruminants (Besier, 2008). The current available 

anthelmintics against gastrointestinal parasites are restricted to three older types 

of compounds: narrow spectrum of benzimidazoles and broad-spectrum of 

imidazothiazoles and macrocylic lactones (McKellar and Jackson, 2004). 

Additionally, there are three recent types of broad-spectrum anthelmintics, which 

include aminoaceto-nitrile derivatives (AADs), cyclooctadepsipeptides  and 

spiroindols (Epe & Kaminsky, 2013). 

Each class of anthelmintic works by different modes of action. 

Benzimidazoles, such as albendazole and fenbendazole interfere with the ability 

of the parasite to absorb nutrients by selectively binding to parasite β-tubulin and 

inhibit the formation of microtubule, leading to destruction of cell structure and 

consequently cause death to parasites. Additionally, benzimidazoles have been 

observed to exhibit a progressive depletion of energy reserves within parasite 

cells, thereby impeding the excretion of waste products and protective factors 

(Vercruysse & Claerebout, 2022). 

Macrocylic lactones (MLs) have a broad-spectrum mechanism of action 

that commonly used to manage endo and ectoparasites. It works by binding to 
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glutamate-gated chloride channels (GluCls) in the parasite nervous system to 

increase its opening for the influx of chloride ions and produce paralysis of the 

pharynx, body wall and uterine muscles of nematode. It is worth to note that 

motility of the worm may be restored as the macrocyclic lactone concentration 

drops, but pharyngeal paralysis and the resulting suppression of feeding may 

persist longer than body muscular paralysis, leading to worm mortality 

(Vercruysse & Claerebout, 2022). Common MLs used for sheep include 

ivermectin, doramectin and moxidectin.  

There are two routes for administering MLs in small ruminant which are 

oral and parenteral treatments. According to Lanusse et al. (2014), abomasal 

content exhibited higher concentrations of ivermectin subsequent to the 

oral administration as opposed to subcutaneous injection in sheep.  Improved 

efficacy in sheep following oral MLs treatment may be due to increased 

medication exposure of worms in the abomasum and/or small intestine lumens. 

However, the potential variations in drug efficacy observed across different 

administration routes may only become evident in cases where the parasite 

population exhibits a decreased susceptibility. 

Besides, imidazothiazoles such as levamisole, pyrantel and morantel cause 

spastic paralysis in parasite muscles as they act as agonists at nicotinic 

acetylcholine receptors (nAChR) (Martin, 1997). In addition, the principal target 

for monopantel as AADs type of anthelmintic is ACR-23 which a component of 

the parasite-specific DEG-3 subfamily of nAChR (Kaminsky et al., 2008). It acts 

as an agonist on the nicotinic acetylcholine receptor, thereby inducing spastic 

paralysis and ultimately leading to the death of both larval and adult stages of 

gastrointestinal nematodes of sheep (Lanusse et al., 2014).  
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Derquantel, the first anthelmintic of spiroindoles class of drugs causes 

flaccid paralysis by acting as an antagonist of nAChr, which results in the 

expulsion of parasites from the host. Derquantel also demonstrates high oral 

bioavailability and exhibits a remarkable ability to permeate various tissues 

throughout the body. Its administration via the oral route yields exceptional 

anthelmintic efficacy against adult stages of H.contortus, T.colubriformis, and 

Nematodirus spp. (Little et al., 2011). The combine usage of derquantel and 

abamectin was reported to give excellent broad spectrum and synergistic effect of 

greatly inhibits responses to acetylcholine (Puttachary et al., 2013). Moreover, 

cyclooctadepsipeptides acts on calcium-activated potassium channel (SLO-1) and 

latrophilin (LAT-1) receptor to give inhibitory effects on locomotion and feeding 

of parasites. This new class of anthelmintic is also said to have ‘resistance-busting’ 

properties due to its broad spectrum of activity to susceptible and resistance 

parasites towards benzimidazoles, levamisole and ivermectin (Abongwa et al., 

2017) 

2.4.2 Non-chemical anthelmintics 

2.4.2.1 Medicinal plants 

The use of medicinal plants as a substitute for chemical anthelmintics has 

gained increasing interest in order to prevent anthelmintic resistance development 

and the risk of residues in livestock products. 

Some medicinal plants that were reported to have great potential of 

anthelmintic activity includes neem tree (Azadirachta indica) (Chandrawathani et 

al., 2006), foliage plants such as onion, ,garlic, dill, and walnuts (Guarrera, 1999) 

and Mexican tea (Chenopodium ambrosioides) (Saini et al., 2019). According to 
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Chandrawathani & Nurul Aini (2012), neem (Azadirachta indica) and cassava 

leaves have been demonstrated to lower worm burdens by 30% to 40% in 

Malaysia. 

Common bioactive compounds discovered in a variety of medicinal plants 

are tannins, saponins, alkaloids and cysteine proteinases (Nikelo et al., 2022). 

Tannins kill parasites by binding to free proteins in the gastrointestinal system of 

infected animals or glycoproteins on their cuticles (Patel et al., 2010). Saponins 

increase antibody and cell-mediated immunity. Besides, it also affects membrane 

permeability and hole formation like praziquantel-based chemical anthelmintics 

(Oda et al., 2000). Alkaloid acts on the nervous system of the parasite, inhibits 

acetylcholine receptors and lead to paralysis (Da Silva et al., 2021).  

Papaya and pineapple are example of medicinal fruits with cysteine 

proteinases that inhibit parasite development (Stepek et al., 2004). Study 

conducted by Mravcáková et al. (2020) revealed that combination use of 

medicinal plants might give synergistic effects due to the presence of  multitarget 

complex bioactive compounds. The benefits of employing medicinal plants are 

their low cost, local availability and ease of cultivation. 

Further research is necessary to assess the effectiveness and efficiency of 

medicinal plants through in vitro and in vivo methods. The preference of 

researchers is to utilise in vitro tests as a main screening method for plant extracts 

in order to evaluate anthelmintic activity, as in vivo tests are associated with 

significant expenses due to the use of living animals. Nevertheless, it is imperative 

to subject plants exhibiting significant anthelmintic potential to in vivo testing to 

validate findings and assess potential risks and adverse effects. The reason for this 

phenomenon is that the in vivo effectiveness of plants can be influenced by 
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physiological and bioavailability factors of the animal, as well as the specific stage 

of the parasite life cycle that is being examined (Nikelo et al., 2022). 

2.4.2.2 Pasture management 

Effective pasture management is essential for minimizing parasite 

exposure, as research indicates that 95% of parasite burdens are found in pastures, 

with only 5% present in the host. Implementing pasture rotation is an effective 

method for minimizing parasite forms in pastures and maximizing grazing areas. 

Kumar et al. (2013) suggest that a rotational grazing period of 3-6 months can 

effectively decrease infectivity levels of L3. It was reported that the shorter the 

grazing period, the less chance of a major accumulation of infective larvae and 

the greater the pasture usage (Ruano et al., 2017). According to Sabariah et al. 

(2017), practicing rotational grazing for every 3 days and left empty the grazed 

paddock for a minimum of 30 days has successfully reduced the worm burdens 

on pasture. 

Furthermore, another method for managing pastures to control 

gastrointestinal parasite infections is through alternate grazing. Alternate grazing 

involves the practise of having various age groups of the same or different species 

graze on pastures in a sequential manner. This method can help decrease the 

number of infective larvae on the pasture as older animals or different species can 

act as a scavenger or natural 'vacuum cleaner' (Premaalatha et al., 2019).  In 

addition, it is also advantageous to implement an intensive management system 

in which the animals are kept in a sheds for 24 hours and fed with 'cut and carry' 

uncontaminated grasses (Nor-Azlina et al., 2011). 
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2.4.2.3 High nutritional diet 

A high-nutritional diet is critical for strengthening sheep's immune 

systems and treating gastrointestinal parasites. Proper diet supplies the energy, 

protein, vitamins, and minerals required for healthy immune function. A well-fed 

sheep has a stronger immune system, allowing them to establish a more effective 

defence against parasite illnesses and make them less susceptible to other 

infections. Furthermore, appropriate nourishment ensures that the sheep has the 

energy reserves to sustain the immunological response and efficiently combat the 

parasites. It has been demonstrated by López-Leyva et al. (2020) that sheep fed 

with a high energy diet from high dry matter content showed the lowest FEC of 

H. contortus compared to the sheep fed with  low energy diet. A high protein diet 

also contributes significantly to the sheep’s immune system and results in a 

reduced number of FEC following lambing. Besides, providing lamb with creep 

feed offers additional nutritional support and may postpone early contamination 

of the pasture (Abbott et al., 2012). This has been supported by López-Leyva et 

al. (2022) that showed high protein diet had a substantial effect on lowering FEC 

and raising PCV values in ewes during lactation phase in comparison to animals 

given a low protein intake. 

Furthermore, a high-nutritional diet promotes improved intestinal health 

in sheep. The gastrointestinal tract is an important location of contact between the 

host and gastrointestinal parasites. The gut lining remains healthy and undamaged 

in sheep fed with high nutritious diets, producing a better barrier against parasite 

invasion. In contrast, a weakened gut lining due to insufficient diet might render 

sheep more susceptible to parasitic diseases. A high nutritious diet can help the 

sheep recover quicker if they become succumb to parasite infections (Kyriazakis 

et al., 1996). Good diet promotes tissue repair and speeds up the healing process 
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in sheep. This allows the sheep to recover more quickly from parasite illness and 

minimises the danger of infection (Valderrábano & Uriarte, 2003). Furthermore, 

providing mineral blocks for free grazing sheep has been demonstrated to lower 

the incidence of parasite infections while maintaining the FEC of  less than 300 

egg per gram, reducing the possibility of anthelmintic resistance development 

(Sani et al., 2004). 
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CHAPTER 3  
 

 

 

METHODOLOGY 

3.1 Study site and animal sampling 

This study was carried out in a Dorper sheep farm with a flock of 200 

sheep. The farm is located in Chuping, Perlis at the Northern part of Peninsular 

Malaysia and owned by a government agency. The sheep sampled in this study 

were imported from Australia in 2017 for breeding program and reared in a semi-

intensive management system. The flock were released to the grazing area during 

daytime and kept in a slatted woodshed at night. Routine herd health program in 

the farm includes deworming, blood sampling for contagious disease screening 

(e.g., Brucellosis), tagging, weighing, and wound treatment. Anthelmintics used 

for deworming from 2017 to 2020 included fenbendazole, albendazole and 

ivermectin with the frequencies of once to twice per year. The detailed history of 

anthelmintics used in the farm is shown in Appendix A. 

The application for animal ethical clearance of this study was approved by 

the Animal Ethic Committee of Universiti Malaysia Kelantan 

(UMK/FPV/ACUE/RES/2/2020). Forty percent of the sheep population in the 

farm (n=80) of both sexes ranging from two to three years of age were selected 

for the screening of FECRT accordance to the procedure outlined by the World 

Association for the Advancement of Veterinary Parasitology (Coles et al., 1992; 

2006). This includes the criteria of sheep with no history of anthelmintic 

treatments for the previous eight to 12 weeks before the commencement of the 

study and the minimum pre-treatment FEC of 150 eggs per gram per animal. 
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Faecal samples were taken from rectum of the sheep and stored in a 

transparent plastic container, ensuring that each sample was clearly labelled with 

a unique identification number corresponding to the respective animal. The 

Modified McMaster method and faecal culture were conducted straight away after 

the collection by using fresh samples. Blood samples were drawn from the sheep’s 

jugular vein into EDTA tubes to assess the PCV and PEC. The samples were then 

kept at 4oC for 24 hours before laboratory analyses were conducted.  

3.2 Modified McMaster method 

The Modified McMaster method was carried out within a small laboratory 

facility set up on the premises of the farm. For each faecal sample, faecal pellets 

weighing 3 g were mixed in a solution of 42 ml saturated sodium chloride (NaCl) 

solution (SG=1.2). The faecal solution was then filtered into another beaker. A 

Pasteur pipette was used to withdraw an aliquot from the filtrate into a chamber 

of a McMaster slide. Then, another aliquot was withdrawn from the filtrate to fill 

another chamber of the slide. The McMaster slide was allowed to stand for five 

minutes before it was placed under a compound microscope. The parasite eggs 

were detected and enumerated at 10x magnification within the ruled areas of both 

McMaster chambers (Chandrawathani et al., 2019). A full standard operating 

procedure (SOP) for this method is stated in Appendix B. The strongyle eggs were 

identified as having broad ellipse, thin shelled, barrel-shaped side wall and contain 

blastomeres (Abd Majid et al., 2022). The following formula was used to calculate 

FEC considering each McMaster chamber contained 0.15 ml of the 45 ml 

saturated NaCl filtrate from 3 g of faeces as in Equation (3.1) (Basri, 2019). 
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𝐹𝐸𝐶 𝑖𝑛 𝑒𝑔𝑔𝑠 𝑝𝑒𝑟 𝑔𝑟𝑎𝑚 of faeces (𝑒𝑝𝑔)

=  
𝑇𝑜𝑡𝑎𝑙 𝑛𝑜. 𝑜𝑓 𝑒𝑔𝑔𝑠 𝑐𝑜𝑢𝑛𝑡𝑒𝑑

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑎𝑒𝑐𝑒𝑠 (𝑔)
 × 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑁𝑎𝐶𝑙 (𝑚𝑙)

2 (0.15 𝑚𝑙)
(3.1)

 

3.3 Faecal egg count reduction test  

The faecal egg count reduction test (FECRT) method was conducted by 

following World Association for the Advancement of Veterinary Parasitology 

(WAAVP) guidelines (Coles et al.,1992; 2006). Requirements of FECRT are listed 

in Appendix C. 

Fifty-eight out of 80 sheep that previously screened by Modified 

McMaster method were detected with FEC of 150 epg or more met the criteria for 

FECRT. The sheep were divided into a control and four treatment groups namely 

albendazole, fenbendazole, levamisole and ivermectin. Each group consisted of 

11 to 12 animals with mean FEC ranging between 979 and 1295 epg. The animals 

were assigned into different groups based on their pre-treatment FEC, ensuring 

that each group had a relatively similar mean FEC. Next, anthelmintics were 

administered based on the individual weight of animals in each treatment group. 

The dosages and modes of administration of the anthelmintics are shown in Table 

3.1. 
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Table 3.1:  Anthelmintic dosages and modes of administration for Faecal Egg 

Count Reduction Test 

Group 
No of 

animals 

FEC 

distributions 

Pre-

treatment 

Mean 

FEC 

Anthelmintic 

used 
Dosage 

Mode of 

administration 

1 12 250-2550 979 Control - - 

2 11 200-4700 1295 Albendazole 
7.5 

mg/kg 
Oral 

3 12 200-4600 1175 Fenbendazole 5 mg/kg Oral 

4 12 200-5450 1192 Levamisole 
7.5 

mg/kg 
Oral 

5 11 180-6100 1294 Ivermectin 
0.2 

mg/kg 
Subcutaneous 

Faecal samples were collected again 14 days after anthelmintics treatment 

to obtain post-treatment FEC. The percentage of Faecal Egg Count Reduction 

(FECR%), 95% upper and lower confidence limits were calculated using the 

following formula according to Coles et al. (1992): 

𝐹𝐸𝐶𝑅% = 100 (1 −  
𝑋𝑡

𝑋𝑐
 ) (3.2) 

𝑈𝑝𝑝𝑒𝑟 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑙𝑖𝑚𝑖𝑡 =  100 (1 −  
𝑋𝑡

𝑋𝑐−2.048√𝑦2
 ) (3.3) 

𝐿𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑙𝑖𝑚𝑖𝑡 =  100 (1 −  
𝑋𝑡

𝑋𝑐2.048√𝑦2
 ) (3.4) 

where Xt was the arithmetic mean of post-treatment FEC of the treated group, Xc 

was the arithmetic mean of post-treatment FEC of the control group and y2 was 

the variance of FECR% in log scale (Appendix D). The calculation was conducted 
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using the ‘Reso’ FECRT analysis program (Version 2.0, Revised 17-07-90) based 

on the standard calculation readily provided by the WAAVP (Coles et al., 1992) 

Gastrointestinal parasite population is classified as ‘resistant’ when two 

criteria are met: (1) the FECR% was less than 95% and (2) 95% lower confidence 

limit was less than 90%. Resistance is suspected if only one of these two criteria 

is met (Coles et al., 1992). In addition, resistance is considered as moderate, 

severe and critical when FECR% ranged between 91 and 95%, within 50 to 90% 

and less than 50% respectively (Khadijah et al., 2006; Basripuzi et al., 2012). 

3.4 Faecal culture 

The preparation of pre-treatment and post-treatment faecal culture for 

control and treatment groups in this study followed Hayyan et al. (2020) 

(Appendix E). The whole procedure of faecal culture was conducted in a mini 

laboratory on the farm. Fresh faecal samples from each animal in different groups 

collected during pre-treatment and post-treatment sampling were pooled and 

subjected to faecal culture. The faeces were finely crushed using pestle and mortar 

until it formed crumbly texture.  The faecal mixture of 10 to 20 g was then packed 

into a clear plastic cylinder container and covered with gauze. The container was 

checked for moisture content on daily basis. Distilled water was sprinkled into 

each container when the faecal culture appeared dry. The faecal culture was kept 

in a dark area at room temperature for seven days before the harvesting L3. 

On the last day of culture, the gauze was removed and each container was 

filled to the brim with lukewarm distilled water. The container was then covered 

with a petri dish and inverted.  Next, the petri dish was filled with lukewarm water 

and kept for 30 minutes to allow L3 migration from the faecal culture. The L3 in 
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distilled water was pipetted from petri dish into a 15 ml Falcon tube and stored at 

4oC. 

3.5 Enumeration and identification of L3 

The harvested L3 samples were then identified and enumerated under a 

microscope at the farm’s mini laboratory. A 0.25 ml larval suspension was pipetted 

into a petri dish. To kill and straighten the L3, a few drops of Lugol's iodine were 

added to the larval suspension. A coverslip was put over a drop of stained larvae 

suspension on a microscope slide. A compound microscope (Olympus CX21, 

Japan) with a magnification of 40x was used to examine the L3. The L3 were then 

counted and identified based on the morphology of the head and sheath tail 

(Appendix F) in accordance with the Ministry of Agriculture, Fisheries, and Food 

of the United Kingdom (1986) and Basri, (2013).  

3.6 Peripheral eosinophil counts  

The technique used to enumerate peripheral eosinophil counts (PEC) was 

based on Stear et al. (2002). The procedure involved preparing Carpentier’s 

eosinophil counting solution by adding 3 ml of 40% formaldehyde saturated with 

calcium carbonate, 2 ml of 2% aqueous solution of Eosin Y and 95 ml of distilled 

water. A 10 μl of blood sample of each animal was preserved in 90 μl of 

Carpentier’s solution and maintained at room temperature. The preserved samples 

were then brought to UMK laboratory for the PEC to be counted in a 

haemocytometer (LO-Laboroptik Ltd, Germany) under a microscope with each 

cell representing 5.6 cells/ μl of whole blood. A full SOP for this method is in 

Appendix G.  
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3.7 Packed cell volume 

The packed cell volume (PCV) procedure was conducted at the farm’s 

mini laboratory. A glass capillary tube was filled with whole blood sample until 

the tube was about third-quarter full. The top of capillary tube was covered with 

index finger to prevent the sample from leaking. While keeping the finger over 

the end of the tube, the outside of the tube was wiped with a piece of tissue before 

placing the tube onto Cristaseal clay (Hawskley and Sons Ltd, United Kingdom). 

The tube was then placed in a centrifuge with sealed end pointing outwards and 

touching the rim gasket. The metal cover was screwed on firmly and centrifuge 

lid was closed in the locked position. The tubes were centrifuged at 220 relative 

centrifugal force (rcf) for five minutes and the volume was measured by a 

rotoreader (Hawskley and Sons Ltd, United Kingdom). The PCV is measured at 

the height of the red cell column in a capillary tube after centrifugation. A SOP 

for this procedure is in Appendix H.  

3.8 Polymerase chain reaction  

3.8.1 DNA extraction from harvested L3 

The remaining of harvested L3 samples were brought to UMK laboratory 

for deoxyribonucleic acid (DNA) extraction and polymerase chain reaction (PCR) 

amplification procedure. The DNA extraction procedure from harvested L3 

specimens was conducted in accordance with the guidelines provided by Harini 

et al. (2019) and utilising the Geneaid GsyncTM DNA extraction kit (Geneaid 

Biotech Ltd. New Taipei City, Taiwan), as recommended by the manufacturer 

(Appendix I).  
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3.8.2 PCR amplification 

PCR is used primarily to amplify a specific DNA target from a mixture of 

DNA molecules.  In this study, the enzymatic amplifications were performed using 

primer for H. contortus; Forward HAE : 5′-CAA ATG GCA TTT GTC TTT TAG-

3’ and Reverse NC2 : 5′-TTA GTT TCT TTT CCT CCG CT-3′ with a product of 

265 base pair (bp) (Tan et al., 2014). The 25 μl reaction mixture constituted of 

12.5µl of 1x GoTaq Green Master Mix (Promega Madison, USA), 1 µl of each 

primer (forward and reverse), 1.5 µl of nuclease-free water and 5 µl of DNA 

template. The cycling program comprised of initial denaturation (94°C for 5 min), 

35 cycles of denaturation (94°C for 30 sec), annealing (55°C for 30 sec), extension 

(72°C for 30 sec) and final extension (72°C for 7 min). The DNA products were 

separated electrophoretically on a 2% agarose gel at 100 V for 40 minutes and 

visualised using a gel documentation system (GelDocTM EZ Imager, BioRad 

Germany).  

3.8.3 DNA sequencing 

The amplicons were gel-extracted and purified by Gel/PCR DNA 

Fragment Extraction Kit (Geneaid Biotech Ltd. New Taipei City, Taiwan) 

according to the manufacturer’s protocol and submitted for Sanger sequencing 

(Apical Scientific Sdn. Bhd, Malaysia). The sequences obtained were subjected 

to nucleotide Basic Local Alignment Search Tool (BLAST) identification in the 

National Center for Biotechnology Information (NCBI) GenBank. To facilitate 

the identification of the parasite, representative sequences were compared with 

reference sequences (Accession numbers: LC368048, LC368047, LC368044, 

LC367347, and LC367346) from NCBI GenBank. 
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3.9 Statistical analysis 

3.9.1 Percentage of infective larval population  

The percentage of infective larval population by genera was calculated as 

the proportion of identified L3 genus from the total number of identified L3 of 

various genera (i.e. number of identified H. contortus L3 / total number of 

identified L3 x 100). 

3.9.2 Descriptive statistics 

R software version 4.1.1 was used to determine descriptive statistics such 

as means, standard deviations, minimum and maximum values, and skewness of 

response variables such as FEC, PCV, and PEC for both pre-treatment and post-

treatment in the control and all treatment groups. Normality of the data were 

assessed by Shapiro-Wilk test via the shapiro.test () function in R. All distributions 

were visualized in a histogram plot by using ggplot2 package and facet wrap () 

function in R (Kloke & McKean, 2014). 

3.9.3 Correlation analysis 

Correlation analysis among FEC, PCV and PEC in each group for pre-

treatment and post-treatment samples were analysed using Spearman’s rank 

correlation via Corrplot package in R software. The Spearman’s rank correlation 

measures the strength and direction (e.g. positive or negative) of association 

between variables by providing p-values (p<0.05) in order to determine the 

statistical significance of the correlations (Wei & Simko, 2021).  
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3.9.4 Comparison of phenotypic variables between groups 

Association among phenotypic variables of FEC, PCV and PEC were 

assessed between control and anthelmintic treated groups as well as between pre-

treatment and post-treatment groups. Data were summarised statistically through 

dplyr package in R. A non-parametric analysis namely Kruskal-Wallis test via 

kruskal.test() function was used to detect the presence of significant difference in 

FEC and PEC between groups. The Wilcoxon Rank Sum test; 

pairwise.wilcox.test() was then used for pairwise comparison between pre-

treatment and post-treatment of albendazole, fenbendazole, levamisole, 

ivermectin and control group of these variables at a significant level of p<0.05. 

On the other hand, two-way ANOVA; a parametric test was used to detect the 

presence of significant difference of PCV between groups via function aov(). 

Then, Tukey Honest Significant Differences (HSD) test; TukeyHSD() was used 

as a post-hoc test for pairwise comparison between the control and anthelmintic 

treated groups. 
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CHAPTER 4  
 

 

 

RESULT 

4.1 Percentages of nematode genera among dorper sheep in the breeder farm 

Percentages of nematode genera identified in the Dorper breeder farm 

during pre-treatment and post-treatment of different anthelmintics were 

determined through microscopic identification of third-stage larvae (L3) genera 

that were harvested from the faecal cultures. 

4.1.1 Percentages of pre-treatment and post-treatment L3 genera from 

microscopic examination 

 

Figure 4.1:  Percentage of pre-treatment and post-treatment L3 genera in a 

Dorper breeder farm in Perlis 
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Microscopic examination of the L3 harvested from the pre-treatment 

faecal culture revealed that H. contortus was the most prevalent L3 (88%) 

followed by Trichostrongylus spp. (6%) and Oesophagostomum spp. (6%) (Figure 

4.1).  

Infective larvae from the faecal culture of post-treatment in Figure 4.1 

revealed that H. contortus emerged as the dominant L3 at 81% and accompanied 

by Trichostrongylus spp. (7%) and Oesophagostomum spp. (12%). H. contortus 

population decreased by 7% following anthelmintic treatments. However, the L3 

of Trichostrongylus spp. and Oesophagostomum spp. were slightly increased by 

1% and 6% respectively despite of the treatments given. 

4.1.2 Molecular detection of H. contortus during pre-treatment and post-treatment 

of different anthelmintics 

 
Figure 4.2:  PCR amplification of H. contortus, M = DNA marker; 1 = ivermectin 

group; 2 = levamisole group; 3 = albendazole group; 4 = 

fenbendazole group; 5 = control group; +ve = positive control; -ve = 

negative control 

The microscopic detection of L3 were then confirmed by PCR. DNA 

amplification of H. contortus (ITS2-rDNA) by gel electrophoresis obtained 

amplicons of 265 bp in all pre-treatment groups as well as in the post-treatment 

of ivermectin group and control group (Figure 4.2). The retrieved sequences have 
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been recorded in GenBank under the following accession codes OP575917, 

OP575918, OP575919, OP575920, OP575921, OP575922, and OP575923. 

Identified sequence in this study showed 100% similarity with the previously 

recorded H. contortus nucleotide sequences in the GenBank from Nigeria 

(Accession no.: LC368048, LC368047, LC368044, LC367347, and LC367346). 

Nonetheless, it is important to note that L3 of Trichostrongylus spp. and 

Oesophagostomum spp. that were detected microscopically were not identified 

molecularly due to low numbers of harvested L3 thus yielded insufficient DNA 

for PCR analysis. 

4.2 Status of anthelmintic resistance in the dorper breeder farm 

4.2.1 Faecal egg reduction test (FECRT) 

 

Figure 4.3:  Pre-treatment and post-treatment faecal egg counts of Dorper sheep 

in control and treated groups 

According to Figure 4.3, FEC decreased in all treatment groups except for 

ivermectin group which has the same trend as the control group. This graph also 
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demonstrates that levamisole group has the lowest post-treatment FEC in 

comparison to albendazole and fenbendazole group. 

In addition, Kruskal-Wallis test showed significant differences between 

pre-treatment and post-treatment FEC (H(1) = 5.29, p = 0.022) as well as FEC 

between different anthelmintic groups (control, albendazole, fenbendazole, 

levamisole, ivermectin) (H(4) =10.20, p=0.04).  The pairwise comparisons by 

Wilcoxon rank sum test showed a nearly significant difference between the pre-

treatment and post-treatment FEC of levamisole group in comparison to the 

control and ivermectin groups (p=0.052).  

Table 4.1:  Resistance status of different anthelmintics in the Dorper breeder farm 

Treatment 

group N1 Status Level 

Mean FEC2 FEC

R5 

(%) 

95% CI6 

Pre-3 Post-4 Lower Upper 

Levamisole 12 Resistance Severe 1192 146 88 70 96 

Albendazole 11 Resistance Severe 1295 609 52 -1 77 

Fenbendazole 12 Resistance Critical 1175 725 43 -31 75 

Ivermectin 11 Resistance Critical 1294 1841 -45 -250 40 

1No of animals; 2Faecal egg counts; 3Pre-treatment; 4Post-treatment; 5Faecal egg 

count reduction; 6CI = confidence interval 

The mean FEC of all anthelmintic groups showed reduction after the 

treatment except in ivermectin group (Table 4.1). However, all anthelmintics 

tested have 95% lower confidence interval that were less than 90% and FECR% 

of below 95% indicated of resistance status. Albendazole as well as levamisole 

showed FECR% between 50% and 90% indicating severe degree of resistance. 

Fenbendazole and ivermectin showed FECR% of less than 50% indicating critical 

level of resistance. The results of the study indicate that levamisole exhibited the 

highest FECR% at 88%. This was followed by albendazole, fenbendazole and 
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ivermectin which achieved FECR% values of 52%, 43% and -45% respectively. 

As shown in Figure 4.3, there was a significant decrease of FEC following the 

administration of levamisole, in comparison to the groups treated with 

albendazole and fenbendazole. However, after the administration of ivermectin, 

there was an observed increase in FEC, resulting in a negative FECR% of -45%.  

4.2.2 Pre-treatment and post-treatment L3 percentages in control and treatment 

groups 

 

Figure 4.4:  Pre-treatment and post-treatment percentages of Haemonchus, 

Trichostrongylus and Oesophagostomum L3 in control and 

treatment groups 

The L3 percentage reduction for H. contortus were 10% and 22% 

following fenbendazole and levamisole treatment, respectively (Figure 4.4). The 

percentage of H. contortus L3 remained the same during pre-treatment and post-

treatment of albendazole (93%) but increased slightly by 1% in ivermectin group 

during post-treatment. 

The percentage of Trichostrongylus spp. L3 decreased by 2% and 1% in 

albendazole and ivermectin group during post-treatment, respectively. The L3 

percentage of this genus increased to 9% in fenbendazole group and maintained 

at 8% in levamisole group after the treatment. 
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On the other hand, the L3 of Oesphagostomum spp. rose by 2%, 7% and 

22% following albendazole, fenbendazole and levamisole treatments respectively, 

but remained the same after ivermectin treatment (5%). 

4.3 Correlation between faecal egg count, packed cell volume and peripheral 

eosinophil counts of dorper sheep 

4.3.1 Summary statistics of FEC, PCV and PEC during pre-treatment and post-

treatment 

Table 4.2:  Descriptive statistics and distributions of overall mean peripheral 

eosinophil counts, packed cell volume and faecal egg count counts 

Phenotypic 

marker 
Treatment SD1 Minimum Maximum Mean Median 

Prob 

(Norm)2 
Skewness 

PEC3 
Pre 77.79 0 454 65.14 50.40 <0.001 3.25 

Post 37.27 0 224 31.9 22.4 <0.001 2.91 

PCV4 
Pre 28.0 15 42 29.4 28 0.223 0.16 

Post 6.03 13 42 28.55 28 0.229 0.20 

FEC5 
Pre 1120.49 180 5450 1097 700 <0.001 2.13 

Post 851.54 0 3800 795.5 450 <0.001 1.33 

1 Standard deviation; 2 Probability that the distribution was significantly different from 

normal distribution by Shapiro-Wilk test (p<0.05); 3 Peripheral eosinophil counts; 4 

Packed cell volume; 5 Faecal egg counts. 

The pre-treatment FEC, PCV and PEC ranged from 180 to 5450 epg, 15 

to 42% and 0 to 454 cells/ µL, respectively. The post-treatment FEC ranged 

between 0 to 3800 epg, 13 to 42% for PCV and 0 to 224 cells/ µL for PEC (Table 

4.2). Maximum values of FEC and PEC were reduced by 30% and 50% 

respectively after anthelmintic treatment but there was no difference of maximum 

value for PCV during pre-treatment and post-treatment. The FEC and PEC for 

both pre-treatment and post-treatment showed highly significant (p<0.001) 
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difference from normal distribution with positive skewness in contrast to PCV that 

followed normal distribution (p>0.05) with a slight positive skewness during pre-

treatment and post-treatment. 

Additionally, a non-parametric statistical Kruskal-Wallis test revealed 

significant variations in FEC between pre-treatment and post-treatment (H(1) = 

5.29, p = 0.022), as well as between different anthelmintic groups (control, 

albendazole, fenbendazole, levamisole, and ivermectin) (H(4) =10.20, p=0.04).  A 

nearly significant difference was observed on the FEC between pre-treatment and 

post-treatment of levamisole group in contrast to the control and ivermectin 

groups based on pairwise comparisons by the Wilcoxon rank sum test (p=0.052). 

In comparison to the control group, there was no significant distinction observed 

between the pre-treatment and post-treatment FEC in albendazole, fenbendazole, 

and ivermectin groups. Additionally, there was a significant difference between 

pre-treatment and post-treatment PEC (H(1) = 14.95, p = 0.0001) but no 

significant difference was observed on PEC between the anthelmintic groups.  

Furthermore, a two-way ANOVA demonstrated a statistically remarkable 

distinction between the PCV of anthelmintic groups (F(4,103) = [2.697], p=0.03). 

Nevertheless, no significant difference was observed between pre-treatment and 

post-treatment PCV. The mean value of PCV was significantly different between 

the control and ivermectin groups (p = 0.043, 95% C.I. = [0.11,9.99]), according 

to the post-hoc Tukey's HSD Test for multiple comparisons between anthelmintic 

groups. 
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4.4 Correlation of pre-treatment and post-treatment faecal egg count, packed 

cell volume and peripheral eosinophil count in control and treatment groups 

Significant negative correlations were observed between FEC and PCV in 

each pre-treatment group of control, albendazole, fenbendazole, levamisole and 

ivermectin; r(103) = -.86, -.80, -.72, -.57, and -.78 (p = 0.010) (Table 4.3). There 

was also a significant positive correlation between FEC and PEC in the levamisole 

group, r(103) = .63 (p = 0.010). In addition, PEC in the levamisole group had 

significant positive correlations to FEC in the control, albendazole, fenbendazole, 

levamisole and ivermectin groups, r(103) = .63, .62, .53, .63 (p = 0.050) and r(103) 

= .71 (p = 0.010), respectively. The significant negative correlation between PEC 

and PCV was only observed between the PEC in albendazole group and PCV in 

ivermectin group; r(103), =-.72 (p = 0.050).   

There were significant relationships observed between FEC, PCV and 

PEC in the same post-treatment groups (Table 4.4). The FEC displayed significant 

negative correlations with PCV in the control, fenbendazole and ivermectin 

groups, r(103) = -.88, -.58, -.69 (p = 0.010), respectively. On the other hand, FEC 

showed significant positive correlations with PEC in the control and levamisole 

groups, r(103) = .95 (p = 0.010) and r(103) = .56 (p = 0.050), respectively. The 

PCV in the control group had a strong negative correlation with PEC in the control 

and levamisole group, r(103) = -.89 (p = 0.010) and r(103) = -.81 (p = 0.050), 

respectively. In addition, significant negative correlations were observed between 

PEC in levamisole group and PCV in all treatment groups, r(103) = -.81, -.72, -

.56, -.59, -.75 (p = 0.050). The FEC in the fenbendazole group and PCV in all 

treatment groups also showed the similar trend of correlations, r(103) =  -.78, -

.80, -.58, -.72 and -.78 (p = 0.01). 
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Table 4.3:  Correlation between the faecal egg counts, packed cell volume and peripheral eosinophil counts in control and treatment groups during pre-

treatment sampling  

 F1 F2 F3 F4 F5 P1 P2 P3 P4 P5 E1 E2 E3 E4 

F2 0.93**              

F3 0.95** 0.87**             

F4 1.00** 0.93** 0.95**            

F5 0.96** 0.93** 0.92** 0.96**           

P1 -0.86** -0.79** -0.88** -0.86** -0.76**          

P2 -0.90** -0.80** -0.94** -0.90** -0.83** 0.98**         

P3 -0.57* -0.64* -0.72** -0.57* -0.67** 0.47 0.54*        

P4 -0.57* -0.64* -0.72** -0.57* -0.67** 0.47 0.54* 1.00**       

P5 -0.85** -0.89** -0.71** -0.85** -0.78** 0.81** 0.77** 0.30 0.30      

E1 -0.20 -0.19 0.02 -0.20 -0.10 0.10 0.03 -0.42 -0.42 0.45     

E2 0.34 0.43 0.17 0.34 0.24 -0.46 -0.33 0.20 0.20 -0.72** -0.75**    

E3 -0.27 -0.13 -0.22 -0.27 -0.07 0.58* 0.49 -0.37 -0.37 0.40 0.36 -0.56*   

E4 0.63* 0.62* 0.53* 0.63* 0.71** -0.26 -0.36 -0.49 -0.49 -0.51 -0.11 -0.05 0.36  

E5 0.19 0.01 0.16 0.19 0.01 -0.38 -0.38 0.35 0.35 -0.19 -0.30 0.25 -0.83** -0.22 

F = Faecal egg counts; P = Packed cell volume; E = Peripheral eosinophil counts; 1= Control group; 2 = Albendazole group; 3 = Fenbendazole group;   

4 = Levamisole group; 5 = Ivermectin group; *p<0.05; **p<0.01  
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Table 4.4:  Correlation of faecal egg counts, packed cell volume and peripheral eosinophil counts in control and treatment groups during post-treatment 

sampling 

 F1 F2 F3 F4 F5 P1 P2 P3 P4 P5 E1 E2 E3 E4 

F2 0.01              

F3 0.73** 0.21             

F4 0.43 -0.35 0.36            

F5 0.67** 0.28 0.77** 0.01           

P1 -0.88** 0.15 -0.78** -0.51 -0.51          

P2 -0.37 -0.30 -0.80** -0.34 -0.43 0.51         

P3 -0.50 -0.18 -0.58* -0.05 -0.31 0.55 * 0.32        

P4 -0.81** -0.18 -0.72** 0.01 -0.78** -0.71 ** 0.27 0.69 **       

P5 -0.54 * -0.09 -0.78** -0.12 -0.69** 0.53 * 0.42 0.62* 0.71**      

E1 0.95 ** 0.13 0.78** 0.49 0.74** -0.89 ** -0.44 -0.38 -0.75** -0.55**     

E2 -0.71** 0.31 -0.34 -0.53* -0.31 0.70 ** 0.11 0.03 0.36 -0.01 -0.78**    

E3 -0.01 0.04 0.25 -0.29 0.37 0.05 -0.04 -0.16 -0.25 -0.71** 0.04 0.37   

E4 0.68** -0.02 -0.91** 0.56* 0.55* -0.81** -0.72** -0.56* -0.59* -0.75* 0.74** 0.41 0.26  

E5 -0.88** 0.06 -0.42 -0.21 -0.53* 0.69* 0.04 0.48 0.75** 0.37 -0.78** 0.59* 0.04 -0.36 

F = Faecal egg counts; P = Packed cell volume; E = Peripheral eosinophil counts; 1 = Control group; 2 = Albendazole group; 3 = Fenbendazole group; 

4 = Levamisole group; 5 = Ivermectin group; *p<0.05; **p<0.01 
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CHAPTER 5  
 

 

 

DISCUSSIONS 

In Malaysia, it has been observed that strongyle infections are prevalent 

and represent one of the most frequently encountered gastrointestinal parasite 

infections among small ruminant populations. Research studies in 1990s have 

shown that the prominent strongyle species found in the small ruminant 

population of Malaysia encompassed H. contortus and Trichostrongylus spp. The 

presence of H. contortus has been observed to be the primary cause of the increase 

in FEC (Pandey & Sivaraj, 1994; Dorny et al., 1995; Chandrawathani et al., 1999). 

In a separate investigation carried out by Thongsahuan et al. (2014) at a small 

scale goat farm located in Ipoh, Perak, it was found that H. contortus exhibited 

the highest prevalence rate, accounting for 71% of the identified species. This was 

followed by Oesophagostomum spp. at 18% and Trichostrongylus spp. at 11%. 

Another study conducted in small ruminant farms in Perak have also shown that 

H. contortus and Eimeria spp. had the highest infection rate at 86% and 92% 

respectively (Zainalabidin et al., 2015).  

Moreover, several studies conducted within the past six years on small 

ruminant farms across various regions of Malaysia have consistently revealed a 

prevalent pattern of strongyle infections among small ruminants in the country, 

with H. contortus continues to dominate as the most significant strongyle within 

the population (Sabariah et al., 2017; Khadijah et al., 2018; Premaalatha et al., 

2019; Azima et al, 2020; Abd Majid et al., 2022).   

The high prevalence of H.contortus infection among small ruminants was 

not only reported in Malaysia, but also in other countries (Dey et al., 2020; Bihaqi 

et al., 2020; Bull et al., 2022). Additionally, the most recent study that was carried 
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out on seven different sheep breeds in Bogor, Indonesia revealed that H. contortus 

was the prevailing species, followed by Trichostrongylus spp. and 

Oesophagostomum spp. following anthelmintic treatment. The prevalence of H. 

contortus ranged from 75.5% to 86% on day 1 and from 76.8% to 95.4% on day 

14 (Martindah et al., 2023). The findings were consistent with the outcomes 

derived from this study which showed that H. contortus was the most common 

gastrointestinal parasite in Dorper sheep reared in this farm, subsequently 

followed by Trichostrongylus spp. and Oesopagostomum spp. at pre- and post-

anthelmintic treatment. The survival of L3 can be influenced by two main factors: 

the humidity level and temperature conditions during the faecal culture process. 

As stated in section 3.4, the moisture content of the samples was assessed daily to 

ensure that the humidity level was above 70%. The samples were also kept at 

room temperature to create optimal conditions for the egg to hatch and develop 

into L3 (Arsenopoulos et al., 2021). Hence, these factors are crucial to ensure the 

accuracy of the faecal culture results.  

The high percentage of H. contortus detected in both pre-treatment and 

post-treatment samples; 88% (Fig. 4.1) and 81% (Fig. 4.2), respectively could be 

due to semi-intensive management system of the farm. The animals were 

permitted to graze in the same pasture area of 100 acres of guinea grass from 10 

am in the morning until 6 pm in the evening every day. They were then kept in a 

slatted floor shed in the evening for concentrates supplementation and throughout 

the night. This continuous grazing system where the animals were released to 

graze in the same pasture area for a prolonged duration has led to a high stocking 

density of the host species, increased level of pasture contamination and 

eventually contributed to high parasite load (Ram Prasad et al., 2019). Besides, 

the practise of continuous grazing in a semi-intensive management system has 
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also been identified as one of the contributing factors to the prevalence of 

strongyle infections in different species including Trichostrongylus spp. and 

Oesophagostomum spp. (Paul et al., 2020). Thus, it is vital to enhance the 

management framework of the farm from continuous to rotational grazing system 

with the intention to minimise the degree of contamination in the pastures. 

Besides, adopting an intensive management farming system is also one of the 

preventive measures that could be implemented to effectively control 

gastrointestinal parasite infections among the Dorper sheep in this farm. The 

intensive system not only reduces exposure to contaminated pasture, but it also 

aids in regulated feeding by giving high-quality selected forage and concentrate 

feeds to the animals (Kochewad et al., 2017; Simões et al., 2021). 

Additionally, hot climate may contribute to high prevalence of 

gastrointestinal parasite infections among the sheep in the farm that is located in 

Perlis, Malaysia where the temperature can reach up to 40.1°C (Amin et al., 2018). 

Moreover, this state also receives high rainfall especially during monsoon season 

at the end of the year. Haemonchosis is known to be a continuous threat as humid 

and warm conditions favours the constant development of larval populations 

hence caused continuous challenge ruminants in tropical regions (Pinilla León et 

al., 2019; Arsenopoulos et al., 2021) . Therefore, combination of warm and humid 

climatic conditions in this farm facilitates the survival of H. contortus and lead to 

high disease prevalence. Other factors that might contribute to high prevalence of 

the blood-sucking parasite in this farm was the development of multiple 

anthelmintic resistance in H. contortus which has been evaluated during the 

FECRT of the present study (Figure 4.5).  

In this study, the DNA of Trichostrongylus spp. and Oesophagostomum 

spp. could not be detected molecularly due to low level of larval growth (Figure 
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4.1). The effectiveness of PCR for molecular identification of gastrointestinal 

parasites is influenced by a number of scenarios which include the quality of 

sample preparation, the level of parasite load in the specimen, timing, method, 

and type of specimen collection (Weiss, 1995). Other factors that may influence 

PCR findings include the presence of PCR inhibitors in the sample, which can 

interfere with the PCR process and prevent the target DNA from being amplified. 

These inhibitors might originate from a variety of sources, including 

environmental pollutants or chemicals employed during sample collection or 

processing. Furthermore, it is important to note that sampling errors may arise 

when the level of parasites is low and/or the volume of specimen being evaluated 

is small, consequently producing negative results (Weiss, 1995). Inadequate 

sample preparation may result in an unoptimized extraction procedure, resulting 

in inadequate or damaged genetic material, whereas a low parasite burden reduces 

the likelihood of detecting the larvae. In addition, a research conducted by Roeber 

et al. (2012) have shown that PCR was less sensitive in detecting H. contortus as 

opposed to traditional FEC methods.  

Besides, other factors that may contribute to the absence of PCR bands in 

the post-treatment groups of levamisole, albendazole and fenbendazole (Figure 

4.2) were due to the effects of the anthelmintics that caused reduction in the post-

treatment FEC. This reflected the low level of parasite load in these groups and 

cause the DNA of L3 to diminish in the faeces during faecal culture procedure. 

This can be shown clearly from Figure 4.3 in which FEC reduced after the 

treatment with levamisole, albendazole and fenbendazole as opposed to control 

and ivermectin group; which FEC increased during the post-treatment.  

One potential limitation that may affect the PCR results was the frequency 

at which the DNA extraction procedure was conducted in this study. The DNA 
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extraction procedure was performed once for H. contortus and twice for 

Trichostrongylus spp. and Oesophagostomum spp. The lack frequency of DNA 

extraction procedure may result in suboptimal sample preparation, thereby lead to 

unreliable process (Weiss, 1995). However, there were various optimisation 

strategies implemented in this study which include quantifying quality and 

concentrations of DNA extraction through spectrophotometry analysis. 

Additionally,  optimal DNA quantity and annealing temperatures were used to 

ensure successful amplification as recommended by previous research (Asif et al., 

2021).  

According to Weiss (1995), detecting parasites and identifying the species 

under microscope is an effective method, especially when there is high a level of 

parasite load. Molecular detection is most beneficial when there is a large number 

of samples. Moreover, a study conducted by Roeber et al., (2012) demonstrated 

that the sensitivity of PCR in detecting H. contortus was lower when compared to 

the microscopic detection. Therefore, the use of morphological approaches for 

detecting L3 is still considered the current gold standard method for identifying  

and studying the epidemiology of each larval species (Zarlenga & Hoberg, 2016).   

A recent study by Knoll et al., (2021) showed that a combination of 

morphological and morphometric techniques by measuring and examining the 

shape of head, tail and sheathed tail resulted in the accurate microscopic 

identification of H. contortus and Trichostrongylus spp. However, it was 

discovered through molecular identification that Oesophagostomum spp.  were 

incorrectly identified as they were Chabertia ovina larvae. Hence, there is 

possibility that Oesophagostomum spp. identified in this study may belong to a 

different species.  
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Furthermore, it is also worth noting that microscopic identification of L3 

provides a general indication of the worm population present, particularly if 

Haemonchus spp. and Trichostrongylus spp. were predominating the infections. 

These two species play a decisive role in determining whether treatment should 

be administered (Sabatini et al., 2023).  

The occurrence of multiple anthelmintic resistance against gastrointestinal 

parasites is an alarming condition and has been a global concern (Bihaqi et al., 

2020; Abd Majid et al., 2022; Bull et al., 2022).  The findings where three out of 

four anthelmintics tested; fenbendazole, albendazole and ivermectin showed 

resistant status (Table 4.1) in the present study may be due to the sequel of 

indiscriminate use of these anthelmintics during annual herd health program of 

the farm. Anthelmintic resistance develops more quickly when the treatment is 

administered frequently, since it provides resistant parasites with a reproductive 

advantage over the susceptible parasites for two to three weeks following 

anthelmintic administration (Abbott et al., 2012). Short interval period between 

anthelmintic treatments gives less opportunity for the susceptible parasites to 

generate eggs and eventually lead to pasture contamination with resistant parasite 

eggs. 

The resistance level of parasites in this farm was found to be similar with 

previous study by Khadijah et al. (2018) . Anthelmintics from benzimidazole and 

macrocylic lactone classes were used for three consecutive years since the re-

establishment of this farm in 2017. Hence, the results of critical to severe degree 

of resistance towards fenbendazole, albendazole and ivermectin could be 

attributed to a prolonged duration of the parasites to these anthelmintics which 

then might have resulted in selection of resistance parasite. In this farm, the 

strategy of changing anthelmintic classes every one to two years was designed to 

M
AS

TE
R

 T
H

ES
IS



60 

extend the effectiveness of each anthelmintic through reversal of sensitivity in the 

absence of particular drugs. Nevertheless, according to Abbott et al. (2012) this 

strategy is only effective during the early stage of anthelmintic resistance, 

characterised by relatively low genetic frequencies. During this period, natural 

selection may act to reduce the proportion of parasites with resistance alleles. 

Thus, this strategy seems to be futile in this farm due to existing widespread 

resistance to benzimidazole and increasing resistance level to macrocyclic lactone 

groups especially when resistance monitoring and strategic parasites control 

program were not conducted in this farm. 

Moreover, anthelmintic dose requirement during the routine parasite 

control program in this farm was solely based on estimation of the animal’s body 

weight. The technique of administration, particularly oral drench has been 

observed to be suboptimal due to time constraints. This is especially when the 

workers had to drench hundreds of animals simultaneously. These factors of 

underestimating the animal's bodyweight and poor administration technique may 

contribute to anthelmintic failures in this farm due to insufficient anthelmintic 

dose for the sheep. Underdosing of anthelmintics usually happens when the 

treatment is carried out by low-skilled farm workers. Additionally, improper 

regime of prophylactic mass treatment conducted in this farm during herd health 

program may also lead to the development of anthelmintic resistance. These sub-

optimal doses and mass treatment of more than 80% sheep population regimes 

allow the continuous existence of heterozygous resistant parasites and accelerated 

growth of anthelmintic resistance (Shalaby, 2013). 

Levamisole group has never been used in this farm during parasite control 

program thus its resistance status was questionable. There was a possibility that 

the sheep had been treated with imidazothiazoles based products in their original 
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farm before the importation to Malaysia. The analogous outcomes were also 

observed by Khadijah et al. (2018). Despite the resistance status, levamisole 

showed the highest percentage of FEC reduction relative to the other 

anthelmintics because the sheep in this farm have never been drenched with 

levamisole. According to Bull et al. (2022), it is more practical to use anthelmintic 

classes with known resistance status in the farm but relatively high efficacy level 

rather than relying on newer classes of anthelmintics to extend their effectiveness. 

Hence, this suggests that levamisole could still be used in this farm but with close 

monitoring of FEC and animal performance.  

In addition, microscopic detection of infective stage larvae of 

gastrointestinal parasite from post-treatment faecal culture showed that the only 

available successful anthelmintic against H. contortus infection was levamisole in 

comparison to other anthelmintics (Figure 4.5). This finding was also consistent 

with reports by Basripuzi et al. (2012) and Khadijah et al. (2018) that showed 

levamisole has the highest efficacy against H. contortus as opposed to 

benzimidazole, ivermectin and closantel in small ruminants’ farms located in 

Kelantan and Terengganu, respectively. While Trichostrongylus spp. appeared to 

be the only susceptible gastrointestinal parasite against albendazole treatment, 

Oesophagostomum spp. was resistant to all anthelmintic groups in this study. 

Therefore, it is crucial to investigate the effectiveness of the other anthelmintic 

classes such as salicylanilides with the aim to control Oesophagostomum spp. 

infection in this farm. 

The phenotypic markers of gastrointestinal parasite infection investigated 

in this study were FEC, PEC and PCV. Correlation analysis from both pre-

treatment and post-treatment shows that high FEC was associated with low PCV 

and high PEC within the same treatment group as expected. The pathogenicity of 
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H. contortus from their haematophagous activity cause the reduction in PCV in 

response to heavy worm burden as reflected by high FEC (Alam et al., 2020). This 

suggests that a higher parasite load was related with an increased risk of anaemia, 

particularly in small ruminants. Anaemia is defined by a reduction in red blood 

cells, which leads to a fall in PCV. Furthermore, the interaction between PCV and 

FEC has been observed to differ between breeds (Tsukahara et al., 2019). 

However, sheep have a larger association between PCV and FEC than goats, and 

this correlation is stronger in natural infection of gastrointestinal parasites than in 

artificial infection (Tsukahara et al., 2019). Recent study by López-Leyva et al. 

(2020) shows that sheep infected with H. contortus have low FEC and high PCV. 

These findings are consistent with the results obtained in the present work, 

suggesting that PCV is a good indicator in determining the severity of 

haemonchosis infection.  However, it is important to note that low PCV could also 

be due to other factors such as malnourishment (Walden et al., 2021). Hence, the 

interpretation of PCV results should consider the history of feeding management 

as well. Animals in PITC farm were allowed to graze in a 100-acre pasture and 

supplemented with concentrates in the evening. This indicates that PCV 

measurements in this study are not influenced by malnutrition factor.  

Moreover, positive correlation between FEC and PEC observed in the 

present study could be due to crucial role of eosinophils to protect the host from 

infections caused by gastrointestinal parasites. The immune response eosinophilia 

plays an important role to damage and kill gastrointestinal parasites particularly 

H. contortus among infected sheep (Balic et al., 2000; 2006; Terefe et al., 2009).  

Eosinophils get triggered by the presence of Th2 immune responses, the dominant 

immune response to gastrointestinal parasite infection. Eosinophils are able to 

degranulate via exocytosis, escalating degranulation with subsequent cellular 
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lysis, or the formation of extracellular traps of L3 upon activation (Albuquerque 

et al., 2019). Nevertheless, the mechanisms of action for eosinophil are reported 

to be different between host species (Jenvey et al., 2020; Hayyan et al., 2020). 

Based on an investigation conducted by Janvey et al. (2020), the absence of an 

effective IgA response and a functional eosinophil IgA receptor of FcαRI (CD89) 

in goats increased their susceptibility to parasite infection. These findings were 

consistent with Hayyan et al. (2020) which showed IgA and eosinophils have no 

protective effect during gastrointestinal parasite infection in goats as there was no 

association between FEC and increased IgA activity or eosinophilia. The findings 

on goats were contrasted to research carried out on sheep, where it had already 

been demonstrated that IgA and eosinophils were important in avoiding infections 

caused by gastrointestinal parasite (Balic et al., 2000; McRae et al., 2015).   

Additionally, immune response of eosinophils was reported to be species-

specific. This has been shown by Henderson & Stear (2006) who revealed the 

absence of correlation between gastrointestinal parasite burden and tissue 

eosinophilia in an infection caused by Teladorsagia circumcincta, the most 

prevalent parasite of small ruminants in the temperate countries. Instead, the 

growth of T. circumcincta is modulated by an interaction between IgA and 

eosinophils. Nevertheless, according to Balic et al. (2000), there has been an 

upward trend in the amount of eosinophils following H. contortus infection which 

acts directly in killing the infective larvae. The present study also incorporated 

findings from a previous study, which demonstrated a positive correlation 

between PEC and FEC. This correlation was particularly evident when the 

prevailing parasites were H. contortus.  

Nevertheless, number of eosinophils is associated with the age of animals. 

A study by Cruz-Tamayo et al. (2020) revealed that association between 
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peripheral eosinophils and FEC in lambs at the age of five months was not 

statistically significant. The immaturity of the immune system during early stages 

of development implies that eosinophils may not serve as a reliable indicator for 

assessing resistance against gastrointestinal parasites in young animals of less than 

10 months old (Cruz-Tamayo et al., 2020).  

 The most accurate phenotypic markers to identify a difference in 

susceptibility were reported to be FEC and peripheral eosinophils counts (Palomo-

Couoh et al., 2017). The sensitivity of various FEC methods in sheep has yielded 

inconsistent results, which could potentially pose challenges for genetic 

evaluation (Paras et al., 2018). A study comparing the sensitivity of two 

commonly used methods of FEC; the Modified McMaster and the Triple Chamber 

McMaster found that the Modified McMaster had a higher heritability of 0.10 and 

low repeatability of 0.18. In contrast, the Triple Chamber McMaster had a 

heritability of 0.07 and repeatability of 0.25 (Boareki et al., 2021). These results 

showed that the Modified McMaster method is the preferable technique for 

analysing phenotypic trait.  
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CHAPTER 6  
 

 

 

CONCLUSION 

In conclusion, H. contortus was detected as the most prevalent 

gastrointestinal parasite among Dorper sheep sampled in this study. The present 

study also clearly showed the existence of multiple anthelmintic resistance but 

levamisole demonstrating the highest efficacy among the anthelmintics examined 

in this study. Hence, it is recommended for the farmer to use levamisole as the 

anthelmintic of choice in order to control gastrointestinal parasite infections in 

this semi-intensive farm.  

The problems found in this study were suspected to occur due to improper 

farm management system and ineffective control strategies of gastrointestinal 

parasite infections in this farm. As a result, sheep that were imported for breeding 

purpose failed to have optimal performance and consequently led to significant 

economic losses in the farm. Besides, this study also demonstrates significant 

correlations between phenotypic markers of FEC, PCV and PEC which could be 

indicators for resistant characteristics of Dorper sheep against gastrointestinal 

parasite infections.  

Therefore, there is an urgency to take new control strategies in managing 

the multiple anthelmintic resistance problems in this farm. It is advisable to 

change the management from semi-intensive system to be fully intensive where 

the animal will be kept in the shed for 24-hours and fed through cut and carry 

method. The suggested management system aimed to control gastrointestinal 

parasite infection that could be obtained from pasture contamination 

(Chandrawathani et al., 2004). The implementation of an intensive system may 

incur significant production cost, particularly in terms of labour and feed 
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expenses. However, it has been reported that a controlled management system 

specifically through the utilisation of intensive system can significantly enhance 

the productive performance of animals while minimising environmental stress and 

the risk of infection. This directly increases the overall farm productivity 

(Kochewad et al., 2017). In addition, mass anthelmintic treatment in the sheep 

population should be discontinued and adopt Strategic Prophylactic Treatments 

(SPTs) instead. SPTs is a targeted treatment that is given to individual animal 

based on FEC, average weight gain (ADG), body condition score (BCS) and 

FAMACHA chart (Abbott et al., 2012). This is to adopt the concept of refugia as 

a strategic approach to delay the development of anthelmintic resistance by 

leaving a population of parasites unexposed to the treatment (Greer et al., 2020).  

Besides, it is also worth selecting ram with low FEC for breeding program 

to improve genetic with parasites resistance and hence reduce pasture 

contamination with parasite burden. Although Dorper crossbred has physical 

characteristics with potential genetic resistance against gastrointestinal parasite 

infections (Burke & Miller, 2002), further investigation is required for 

confirmation. Additional phenotypic traits that should be taken into consideration 

in the selection of rams for breeding program are PCV measurement and 

eosinophil counts that has been shown in this study.  

In addition, providing high quality nutrition is also one of the important 

keys to improve immunity against gastrointestinal parasite infection. This could 

be conducted by improving the quality and quantity of the feeds through provision 

of concentrates, vitamins, minerals, as well as molasses. This farm should also 

carry out pasture testing of   acid detergent fibre (ADF), crude protein (CP), 

neutral detergent fibre (NDF) and dry matter (DM) values periodically to assess 
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for nutrient contents which contributes to the improvement of pasture 

management. 

One of the most critical factors in keeping a disease-free farm is quarantine 

and biosecurity procedures. A stringent biosecurity procedure should be used, 

which includes quarantine for introducing new animals. This allows for a 

complete health inspection and, if necessary, deworming treatments before they 

are introduced to the rest of the flock. This approach helps to keep the flock 

healthy by preventing the introduction of parasites into the existing animals in the 

farm. 

One of the limitations of this study is that animal’s performance such as 

bodyweight, pregnancy rate and mortality rate were not measured, hence the 

impact of gastrointestinal parasite infections on the animal’s performance could 

not be conclusively identified. Therefore, it is strongly recommended to conduct 

a continued investigation to study the implications of gastrointestinal parasite 

infection on the production of Dorper sheep for a better farm performance in the 

future. Future studies may involve investigating the origin of gastrointestinal 

parasites by phylogenetic analyses hence importation or purchasing of livestock 

from infected source can be controlled.  
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APPENDICES 

APPENDIX A 

 

Anthelmintics and frequencies of administration in the farm from 2017 to 2020 

Year Anthelmintic Frequency of administration/year 

2017 Fenbendazole Once 

2018 Fenbendazole Twice 

 Albendazole Once 

 Ivermectin Once 

2019 Fenbendazole Once 

 Albendazole Twice 

 Ivermectin Once 

2020 Albendazole Once 

 Ivermectin Twice 
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APPENDIX B 

 

Modified McMaster method  

1. Three grams of feaces were mixed thoroughly with 42 ml of saturated sodium 

chloride solution (NaCl) with specific gravity of 1.2. 

2. The Faecal solution was filtered into a beaker and then stirred. 

3. An aliquot of the filtrate was pipetted into both chambers of the McMaster slide. 

4. The McMaster slide was left for 5 minutes to allow the eggs to float before placed 

under a microscope. 

5. The Strongyle eggs were counter using 10x magnification within the ruled areas 

of McMaster chambers. 

6. The egg per gram of faeces was calculated using the following formula:  

 

𝐹𝐸𝐶 𝑖𝑛 𝑒𝑔𝑔𝑠 𝑝𝑒𝑟 𝑔𝑟𝑎𝑚 of faeces (𝑒𝑝𝑔)

=  
𝑇𝑜𝑡𝑎𝑙 𝑛𝑜. 𝑜𝑓 𝑒𝑔𝑔𝑠 𝑐𝑜𝑢𝑛𝑡𝑒𝑑

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑎𝑒𝑐𝑒𝑠 (𝑔)
 ×  

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑁𝑎𝐶𝑙 (𝑚𝑙)

2 (0.15 𝑚𝑙)
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APPENDIX C 

 

Faecal Egg Count Reduction Test requirements for small ruminants 

No. Requirement of Faecal Egg Count Reduction Test 

1. Animals are distributed based on FEC 

2. Animals are selected at age between 3 to 6 months old or, if older, with FEC of 

more equal to or more than 150 epg 

3. Each group should consist of a minimum 10 animals 

4. Collect 3-5 g of faecal sample from each animal and place the samples into 

individual container 

5. Conduct McMaster method as soon as faecal samples have been collected 

6. Administer anthelmintics based on animals’ bodyweight by following 

manufacturers recommended dose and route of administration 

7. Collect second faecal sample after anthelmintic administration at the following 

periods: 

a) Levamisole: 3-7 days 

b) Benzimidazoles: 8-10 days 

c) Macrocylic lactones: 14-17 days 

8. Collect faecal sample at 14 days if assessing all groups in the same flock 
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APPENDIX D 

 

Faecal Egg Count Reduction Test method 

1. A total of 80 sheep with no history of anthelmintic treatment in the past 8 to 12 

weeks were subjected to FEC screening. 

2. A total of 58 sheep, out of sample size of 80, exhibiting a FEC exceeding 150 epg, 

were selected for FECRT. 

3. The sheep were categorized into a control and four treatment groups (albendazole, 

fenbendazole, ivermectin and levamisole) according to their pre-treatment FEC, 

ensuring that each group had relatively similar mean FEC values.  

4. The sheep in the treatment group were administered with anthelmintics according 

to the recommended dosage provided by the manufacturer. 

5. The sheep in the control group were not subjected to any treatment to observe the 

natural fluctuation in FEC that may occur during the experiment. 

6. Faecal samples were collected again at 14 days after treatment to determine the 

post-treatment FEC.  

7. The arithmetic means of post-treatment FEC for both the control and treated 

groups were analysed based on WAAVP guidelines by Coles et al. (1992) to 

determine anthelmintic resistance status.  

8. The formula used for FECRT are as follows: 

𝐹𝐸𝐶𝑅% = 100 (1 −  
𝑋𝑡

𝑋𝑐
 )  

𝑈𝑝𝑝𝑒𝑟 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑙𝑖𝑚𝑖𝑡 =  100 (1 −  
𝑋𝑡

𝑋𝑐−2.048√𝑦2
 )  

𝐿𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑙𝑖𝑚𝑖𝑡 =  100 (1 −  
𝑋𝑡

𝑋𝑐2.048√𝑦2
 )  

where :  

Xt : arithmetic mean of post-treatment FEC of the treated group 

Xc : arithmetic mean of post-treatment FEC of the control group 

y2 : variance of FECR% in log scale 
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APPENDIX E 

 

Faecal culture 

1. The faecal samples from each group of animals were pooled. 

2. The faeces were crushed using pestle and mortar until crumbly texture is formed.  

3. 10 to 20 grams of faecal mixture was packed into a plastic container and covered 

with gauze.  

4. The container was maintained at room temperature for 7 days. 

5. The faecal culture was checked daily and moistened with distilled water when it 

appeared dry. 

6. On the 7th day, the gauze was removed, and the container was filled with lukewarm 

water until a meniscus was formed. 

7. The container was covered with petri dish and placed in an inverted position.  

8. The petri dish was filled with lukewarm distilled water and left undisturbed for 30 

minutes to allow L3 migration from the culture. 

9. The L3 present in distilled water was pipetted from petri dish into a 15 ml Falcon 

tube and stored at 4oC.  

10. A few drops of of Lugol’s iodine were added to 0.25 ml of larval suspension in a 

petri dish to kill and straighten the L3. 

11. The killed larvae were pipetted onto a glass slide, covered with a coverslip and 

identified to genus level under x4 magnification of microscope.  

12. The L3 were identified up to 100 larvae for each group.  

13. The percentage of each genus L3 was calculated as the proportion of identified L3 

genus form the total number of identified L3. 
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APPENDIX F 

 

Morphology of infective stage larvae of Haemonchus sp, Trichostrongylus sp. and 

Oesophagostomum sp. harvested from the faecal culture of goats. 

Genus Head Body Tail Image 

Haaemonchus spp. Pointed Slender Sharp 

 

Trichostrongylus 

spp. 
Round 

Short 

and 

stout 

Short 

 

Oesophagostomum 

spp. 
Tapered 

Long 

and 

stout 

Long and 

filamentous 
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APPENDIX G 

 

Peripheral eosinophil counts 

1. Carpentier’s solution was prepared by adding 3 ml of 40% formaldehyde saturated 

with calcium carbonate, 2 ml of 2% aqueous solution of Eosin Y and 95 ml of 

distilled water. 

2. A volume of 10 μl of blood sample was added into 90 μl of Carpentier’s solution. 

3. The mixture was kept in room temperature. 

4. An aliquot of mixture was pipetted and filled into a haemocytometer. 

5. Eosinophils were enumerated under a microscope with each cell representing 5.6 

cells/ μl of whole blood.  
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APPENDIX H  

 

Packed cell volume 

1. The capillary tube was filled with whole blood sample to ¾ full.  

2. The top of capillary tube was covered with index finger to prevent sample leakage. 

3. The exterior part of capillary tube was wiped with tissue paper.  

4. The other end of the tube was sealed with Cristaseal clay. 

5. The tube was centrifuged for 5 minutes at 220 rcf in the microhematocrit 

centrifuge. 

6. The PCV is measured at the height of the red cell column.  
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APPENDIX I  

 

Polymerase chain reaction 

1. DNA extraction  

1.1. A 1.5 ml microcentrifuge tube was filled with a 25 mg of L3 suspension. 

1.2. The tube was then filled with 200 μl of GST buffer and 20 μl of Proteinase 

K and vigorously mixed with a vortex. 

1.3. The mixture was incubated at 60ºC overnight or until the sample lysate 

became clear. 

1.4. Elution buffer of 200 μl was added to the tube and heated at 60ºC. 

1.5. After incubation, the tube was centrifuged for 2 minutes at 14,000-16,000 

x g. 

1.6. The supernatant was transferred to another 1.5 ml microcentrifuge tube, 

added with 200 μl of GSB buffer and mixed thoroughly for 10 seconds. 

1.7. The sample lysate was thoroughly mixed with 200 μl of absolute ethanol 

by shaking strenuously for 10 seconds. 

1.8. The mixture was transferred into the GS column for 1 minute of 

centrifugation at 15,000 x g. 

1.9. After centrifugation, GS column was transferred to a fresh 2 ml collection 

tube. 

1.10. The GS column was loaded with 400 μl of W1 buffer and centrifuged at 

15,000 x g for 30 seconds. 

1.11. The flow-through was removed and the GS column was reinserted into the 

2 ml collecting tube. 

1.12. A 600 μl of mixture of wash buffer and absolute ethanol was poured to the 

GS column and centrifuged for 30 seconds at 15,000 x g. 

1.13. The flow-through was discarded once more and GS column was reinserted 

into the 2 ml Collection Tube. 

1.14. Another centrifugation process was run for 3 minutes at 15,000 x g to dry 

the column matrix. 

1.15. The dried GS column was placed in a clean 1.5 ml microcentrifuge tube. 

1.16. A 100 μl of pre-heated elution buffer was added into the centre of the 

column matrix. 

1.17. The tube was let to stand for 3 minutes to ensure that the elution buffer 

was thoroughly absorbed. 
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1.18. The tube was centrifuged for 30 seconds at 15,000 x g to extract the 

purified DNA. 

2. PCR amplification.  

2.1. A total of 12.5µl of 1x GoTaq Green Master Mix (Promega Madison, 

USA), 1 µl of each primer (forward and reverse), 1.5 µl of nuclease-free 

water and 5 µl of DNA template were added to make 25 μl reaction 

mixture.  

2.2. The samples were run with cycling program of initial denaturation (94°C 

for 5 min), followed by 35 cycles of denaturation (94°C for 30 sec), 

annealing (55°C for 30 sec), extension (72°C for 30 sec) and final 

extension (72°C for 7 min). 

2.3. The DNA samples were subjected to electrophoresis on a 2% agarose gel 

at 100 V for 40 minutes. 

2.4. The results were visualised using a gel documentation system (GelDocTM 

EZ Imager, BioRad Germany).  
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