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ABSTRACT 

 

Goat (Capra hricus); the poor man’s cow is considered as integral part of various farming 

systems, particularly for non-agriculture community and resource poor farmers. 

Gastrointestinal nematodes (GINs) remains a major constraint associated with the 

production of small ruminants under grazing/browsing conditions. Goat are usually 

infected with wide range of GINs including: Haemonchus (H.) contortus, Teladorsagia 

circumcincta, Trichostrongylus colubriformis, Strongyloides papillosus and Marshallagia 

marshalli. The GINs control strategies that usually adapted are chemotherapy, vaccination, 

pasture exposure, ethnoveterinary practices, pasture and grazing management and genetic 

selection of lines or breeds of hosts (e.g goats). The present study was planned to determine 

the susceptibility of Dera Din Panah (DDP) and Nachi breeds of goats towards natural GI 

nematode infections and artificial infection with H. contortus. To this end, a cross sectional 

study for a calendar year was conducted in Muzaffargarh district of Punjab, Pakistan to 

check the frequency distribution of GINs and associated risk factor in DDP and Nachi 

breeds of goat. Data regarding intrinsic and extrinsic factors associated with GI nematode 

distribution was collected on predesigned questionnaire. For in vivo experiment, a total of 

48 goats of DDP and Nachi breeds (24 for each breed) were administered with third stage 

infective larvae of H. contortus through early and late infection protocol. The differences 

in faecal egg count (FEC), post necropsy worm count, rate of establishment of infection, 

packed cell volume (PCV), haemoglobin (Hb), eosinophils, FAMACHA score, total serum 

protein (TSP), serum albumin (SA), IgG, IgE, plasma histamine and body weight were 

ascertained to assess the comparative susceptibility of both breeds. Results of the current 

study revealed that both breed of goat were infected with GINs. The goat age, breed, 

gender, husbandry practices and season were found statistically associated (P<0.05) with 

distribution of GINs in DDP and Nachi goats. During in vivo study, both breeds reflected 

significant (P<0.05) differences in aforementioned parameters at different time interval 

post infection and infection protocols. However, Nachi breed showed a compromised 

response towards artificially infection with H. contortus as compared to DDP breed. Over 

all, higher faecal eggs count, higher No. of adult worm recovery along with significant 

reduction in packed cell volume and haemoglobin, lower production of antibodies (IgG, 

IgE) and plasma histamine depicted that Nachi breed is comparatively more susceptible to 

H. contortus infection as compared to DDP goat breed. In conclusion, two different goat 

breeds showed different response towards H. contortus infection. Furthermore, this 



 

vi 
 

variation in response may formulate the base of selective breeding of resistant goat breed 

(DDP) in the area. This practice may enhance the economy of the herd owners in terms of 

negligible parasitic infections, cutting off treatment cost, low morbidity/mortality and high 

production 

  

Key words: Goats breeds; Gastrointestinal nematodes, DDP; Nachi; Susceptibility, 

Haemonchus contortus, Pakistan. 
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CHAPTER 1          INTRODUCTION 

 

Goats (Capra hircus), a member of Bovidae family is placed among earliest 

domesticated ruminant species on earth who served mankind longer than sheep and cattle. 

Some archaeological evidences showed that their domestication occurred between 6000-

7000 B.C. Wild bezoar ibex (Capra aegargus) in Middle East and western Asia are as 

known as ancestors of modern goats (Pidancier et al., 2006). From ancient time, this 

ruminant species is used for milk, meat, skin and hair (Zederand and Hesse, 2000). The 

intact female, male and offsprings of goats are known as “does or nannies”, “bucks or 

billies” and kids, respectively. Goat is usually reared for milk and meat purposes by 

resource poor farmers. Goat is considered as vital part of various farming systems, 

particularly for resource poor and non-agriculture community (Lateef et al., 2005) and is 

commonly known as poor man’s cow (Arora et al., 2013). 

The Islamic Republic of Pakistan is located between longitude and latitude of 30° 

North and 70° East, respectively and spread over an area of 796,095 km2. In Pakistan, 

climate varies from hot, humid to temperate and arid conditions across the country; hence, 

providing a variety of goat breeds. Nature has blessed Pakistan with 37 indigenous breeds 

of goats with an estimated population of 70.3 million heads which provide approximately 

0.87 and 0.67 million tonnes of milk and meat, respectively. In addition, they are providing 

leather, hair and manure to farmers and industry (Anonymous, 2016). According to FAO, 

Pakistan is ranked 3rd and 4th largest country in the world in terms of goat population and 

goat milk production, respectively (FAO, 2011). 

Goat serves as sacrificial animal in most of the Muslim countries. In Pakistan, goats 

are among the most favourite animals to be slaughtered at the occasion of Eid-ul-Adha. The 

preferred breeds of goat to be slaughtered at this occasion are bucks of Dera Din Panah, 

Nachi, Beetal and Teddy due to their availability in various parts of country (Khan et al., 

2008). Moreover, no cultural, social, religious beliefs, or restrictions are associated with 

raising and slaughtering around the globe. Moreover, rearing of goats has great impact on 

rural socioeconomics of peoples including non-agriculture sectors or community. The use 

of goat milk as treatment therapy is also in practice for some infections (Haenlein, 2004). 

Gastrointestinal nematode (GIN) have been recognised among major constraints for 

goat population in terms of high morbidity and production losses round the globe (Nabi et 
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al., 2014). Goats are exposed to different species of GINs during grazing. Haemonchus (H.) 

contortus, Trichostrogylus (T.) axei, Teladorsagia (Te.) circumcincta and Marsahlagia 

(M.) marshali are the principal nematode species in this regard (Abunna et al., 2009; Lone 

et al., 2012; Lamrioui et al., 2013). Globally, GI nematode parasites are commonly found 

in hot, humid, temperate, tropical and subtropical areas (Taylor, 2012).  

In small ruminants, GINs have different predilection sites in their hosts e.g. 

Heamonchus and Ostertagia inhabit abomasa while T. colubriformis lodges in intestine 

(Soulsby, 1982). Various parasitic stages of GINs, nourish or feed on blood and cellular 

secretions of host leading to direct and indirect losses (Urquhart, 1996). Among direct 

losses, anemia, reduction in live weight, morbidity, production losses and mortality are of 

serious concern (Hoste et al., 2005; Taylor et al., 2007). According to some reports (Lebbie, 

1994; McLeod, 2004), approximately 26% of the goats have been found to expire due to 

haemonchosis and other GIN infections. On the other hand, indirect losses attributed to 

GINs are cost of repeated treatments and management related. An estimated annual 

treatment cost spent on control and therapy of H. contortus alone is 26, 46, 103, 1500 

million US dollars in South Africa, India, Kenya and USA, respectively (Newton and 

Meeusen, 2003; Peter and Chandrawathani, 2005; Vivas at el., 2017). In United Kingdom, 

losses associated with haemonchosis and other GINs infections are £84 million (Nieuwhof 

and Bishop, 2005). In Pakistan, losses of approximately 8800 million rupees losses are 

attributed to GIN infection particularly haemonchosis (Qammar et al., 2011). 

Conventionally, control of GIN parasitic infections of goats has been achieved with 

broad spectrum anthelmintic drugs and other husbandry practices.  However, the regular 

and inappropriate use of anthelmintics is leading to the development of anthelmintic 

resistance (AR) in goats. Furthermore, adulterated and ineffective drugs, problems of drugs 

residues in milk and meat of animals and unavailability of efficacious drugs are 

exacerbating the situation (Waller, 2006). Due to these emerging issues, scope of non-

chemical strategies for the control of GINs are currently investigated round the globe (Stear 

et al., 2007). In this scenario, use of targeted selective treatments, nematophagus fungi, 

addition of nutritional supplements in feed, vaccine development, exploring the genetically 

resistant animals and integrated approaches are there to control GINs in goats. 

Selective breeding of resistant breeds is an alternate tool for the control of GIN 

parasites of goats. Exploring inherent resistance of goats to parasites would reduce 

dependence on anthelmintic drugs. Thus, reduced use of chemical anthelmintics would be 

optimistic approach for elimination of problem of AR and issues related to public health 
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and environmental concerns. Scanty data are available to support idea of breed resistance 

to parasites which demonstrates that goat breeds are resistant, tolerant or resilient and 

susceptible to GI parasites (Lightbody et al., 2001, Gruner et al., 2004). Globally different 

goat breeds from varying geography are screened for their inherent resistance to GI 

parasites including; Barbari and Jamunapari goats (Chauhan et al., 2011), Creole goats 

(Chevrotièrea et al., 2012), Black Iraqi goats (Al-jebory and Al-Khayat, 2012) and Local 

Ardi goats (Al-Seaf and Khaled, 2012), West African Dwarf (Chiejina et al., 2010) and 

have been proved resistance towards some species of GINs including H. contortus. 

Nature has blessed Pakistan with 37 breeds of indigenous goats distributed in five 

provinces (Khan et al., 2008). Up to now, in Pakistan, Beetal and Teddy goat breeds of 

upper Punjab province have been tested for their resistance towards H. contortus and results 

showed that Teddy breed is comparatively resistant to H. contortus as compared to Beetal 

breed (Shamim et al., 2016) while no reports are available on susceptibility or resistance 

status of common goat breeds of less developed region of Punjab (South Punjab, Pakistan). 

Thus, present study was carried with the following hypotheses.  

1. Haemonchus contortus is the most prevalent GIN parasite infecting the DDP and 

Nachi goat breeds of district Muzaffargarh, Punjab, Pakistan. 

2. Various intrinsic and extrinsic factors are associated with the distribution of GIN 

parasites in DDP and Nachi goat breeds study district. 

3. DDP breed is comparatively more susceptible to haemonchosis as compared to 

Nachi breed. 

 

In order to test the aforementioned hypotheses, the current study is planned with the 

following objectives: 

1. Determination of prevalence and associated risk factors GIN parasites in DDP and 

Nachi breeds of goats in district Muzaffargarh, Punjab, Pakistan. 

2. Determination of comparative susceptibility of DDP and Nachi breeds of goats 

towards artificial infection of Haemonchus contortus through parasitological, 

biochemical, haematological and immunological parameters. 

 

The current study would be helpful to investigate/ explore the inherent resistance of 

indigenous breeds of goats towards haemonchosis in Pakistan. Further, the results 

successfully delivered an alternate strategy to scientific and farmer community to prioritize 
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inclusion of comparatively resistant native breeds in their breeding programmes at domestic 

and national levels. Selected breeding of resistant breed of goats in the area may enhance 

the economy of the herd owners in terms of negligible parasitic infections, cutting off 

treatment cost, low morbidity/mortality and high production.  
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CHAPTER 2        REVIEW OF LITERATURE  

 

This chapter describes substantial literature related to the present study on the 

comparative susceptibility, resistance and resilience of goat breeds towards gastrointestinal 

(GI) parasites particularly with those of GINs.  

2.1 Goats: Global Scenario 

Goats, belongs to sub family caprinae, are considered among the first farmed 

animals domesticated animals by human beings. Some archaeological evidences described 

their long term symbiotic relationship (about 10,000 years) with man (Ensminger and 

Parker, 1986). World goat population have been estimated around 890 million numbers 

(Coutinho et al., 2015) with 740 documented species as reported by FAO. Major population 

of goats is distributed in Asian countries particularly in India, Pakistan and China. They are 

believed to appeared in central Asia first (Pilgrim, 1947). Wild bezoar goats (Capra 

aegagrus) are reported parental ancestor of domesticated goats (Pidancier et al., 2006). 

They found almost in every corner of the world due to their adaptability in different agro-

geoclimatic conditions and varying food regimes. Goat are considered quite independent, 

intelligent, nimble and tolerant to heat stress and many diseases; hence, can take care of 

themselves. That’s why they are often neglected animals as compared to sheep and cattle 

(Aziz, 2010; Waheed and Khan, 2013). West African Dwarf (WAD) goats, Black Bengal 

goats, Saanen and Anglo-Nubian have been acknowledged as international goat breeds. In 

developing countries, goat raising have great significance and linked with economy of 

resource poor farmers.  

2.2 Goats: Pakistan Scenario 

Goats are vital livestock genetic source in Pakistan. In livestock goats are 

considered as major domestic specie particularly in tropical and subtropical areas of world. 

Pakistan is ranked as 3rd major goat raising country in the world. Goats are raised primarily 

for milk and meat production while skin, hairs and fibers are other products (Hassan et al., 

2011). Pakistan is blessed with 37 breeds of indigenous goat with an estimated population 

of 70.3 million heads (Anonymous, 2016). Beetal, Teddy, Nachi, Dera din Pannah, Kamori 

and Jattal are the preferred breeds of goat raised by rural farmers of Pakistan. Women and 

kids are directly associated with goat raising in these areas. Markhor, the national animal 

of Pakistan is believed to be ancestor of all goat breeds of Pakistan. This wild animal is 

native to northern parts of Pakistan (Khan et al., 2008). 
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2.3 Characteristic of Study Goat Breeds  

2.3.1 Dera Din Panah goats  

The Dera Din Panah (DDP) is an important domesticated breed of goat from 

Muzaffargarh and Multan districts of Southern Punjab, Pakistan. This breed is mainly 

found on the right and left banks of Indus river in a flock size of 30-50 animals. It is named 

after a town name “Dera Din Panah” of Muzaffargarh district. The predominant colour of 

this breed is black but some other colour patterns are also there (Fig. 2.1). The body of the 

goat is large and compact. Other characteristics of the breed are: roman nose, large head, 

long and twisted ears and hairy body (Ishani and Baloch, 1996; Afzal et al., 2003). On the 

side of medium sized neck, cartilaginous appendages are there. Thick and spiral horns are 

placed on large head which have two or three characteristic spiralled curves. Tail is of 

medium size with short rough hair. Primarily, DDP is a milch breed, so it has well 

developed teats and udder. However, meat and hairs are other main products. The milk 

yield per lactation is 160 liters with an average of more than one liter per day (Yaqoob et 

al., 2009). The adult weight of female and male goats is up to 40 and 45 kg, respectively. 

DDP is a hairy breed with an annual hair yield of 1.5 kg per head. In its native area, twin 

births by female goat are most common (Baber et al., 2008).  

2.3.2 Nachi goat 

Nachi is a unique indigenous breed of goat among all world goat population. The 

name “Nachi” is given to this breed due to its dancing gate. The word “Nach” means to 

dance, so “Nachi” refers to “having dance”. This breed is mainly found in Muzaffargarh, 

Layyah, Multan, Bahawalpur and Bahawalnagar districts of southern Punjab, Pakistan 

(Khan et al., 2008). The predominant colour of this breed is black, but it has other colour 

patterns too (Fig. 2.2). The breed characteristics include; medium sized head with roman 

nose, medium ears and long, muscular neck (Bhutto et al., 1993). Horns are thin, small, 

partially twisted and slightly spiral but that much spirals as in DDP goats. The teats and 

udder are well-developed. The lactation duration is of 100 days with up to 187 liters milk 

yield (Khan et al., 2003). Similar to DDP goats, twin births are more common. This breed 

is mainly raised for milk and meat production. The dancing gate attracts everyone in goat 

shows at domestic and national level. Nachi is a heavy goat breeds with an average live 

body weight of 45 and 55 kg in female and male goats, respectively.  
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Figure 2.1. Photograph of Dera Din Panah Goat Breed (Photo taken from 

http://livestockpk.blogspot.com/2013/11/dera-din-panah-goat.html) 

 

 

Figure 2.2. Photograph of Nachi Goat Breed (Photo taken from 

http://allpaedia.com/livestock/breeds/goat-breeds/9484-nachi-goat.html) 

  

http://livestockpk.blogspot.com/2013/11/dera-din-panah-goat.html
http://allpaedia.com/livestock/breeds/goat-breeds/9484-nachi-goat.html
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2.4 Gastrointestinal Nematode infections and Associated Economic losses  

Gastrointestinal nematodes (GIN) infect the goats both by direct and indirect ways 

(Nabi et al., 2014). They are one of the major hurdles in goat production and impose 

deleterious effects on health. They directly affect the goat production through reduced food 

consumption, delayed growth, low fertility, decreased milk production, skeletal growth, 

weight loss and mortality (Zanzani et al., 2014). Furthermore, GINs worsen the conditions 

where poor hygienic and managemental practice are there (Bandyopadhyay et al., 2011). 

Goats are more vulnerable to nematodes infection than its other companion animals. 

Globally, occurrence of GINs in goats differs as it depends upon vegetation, geography, 

nutrition, season, climate, population of host and managemental exercises (Stadaliene et 

al., 2015). Moreover, influences of GINs are believed to become acute because of global 

warming (Morgan and Dijk, 2012). In Pakistan, the reported prevalence of GINs in goats 

varies from 43-93% (Raza et al., 2007; Akhter et al., 2011; Mehmood et al., 2013) but data 

concerning GIN infection in native goat breeds is rare in contrast to rest of the world. The 

most common GINs in this regard are Haemonchus (H.) contortus, Trichostrongylus, 

Bunostumum, Trichuris, Oesphagostum, Marshallagia and Cooperia. Among these, H. 

contortus is more common as compared to all other species and causes high production and 

financial losses (Qamar et al., 2011). 

GINs affect the health and production of goats as well as causes massive financial 

and economic losses. GI nematode parasite negatively affects the health of animal and 

cause clinical and subclinical diseases, which ultimately leads to decrease in production 

and financial losses. In United States due to parasitic infection in goats and sheeps 270 

million dollars losses occur annually (Baker et al., 1990; Vivas et al., 2017).  

In many countries estimated financial loss due to parasitism include millions of 

dollars annually. For example, the estimated loss of Astralian sheep production system is 

one billion dollars per year (McLeod, 2004). The financial effects of parasitism are also 

becoming prominent in such areas where their occurrence is not significant i.e. Netherlands, 

France. Denmark, Sweden and U. K. (Jackson and Coop, 2000; Hoste et al., 2002; Waller, 

2004).   

Among GINs of small ruminants, Haemonchus (H.) contortus is an abomasal 

nematode parasite of great concern for farming community round the globe. It commonly 

effects the domestic and wild animals including goats and sheep in humid, subtropical and 

tropical areas of world including Pakistan (Qamar et al., 2011). This parasite was originated 

from an antelope in Asia and then from many other wild ruminants. Then, Haemonchus 
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spread to domestic animals in other parts of world through human settlement (Lichtenfels 

et al., 1994).  

There are many other species in genus Haemonchus which infect a large number of 

domestic and wild animals. However, different species of Haemonchus effects wide range 

of animals while H. contortus is the only specie which infect the small ruminants including 

goats and sheep. This parasite has been described from America, Asia, New Zealand, 

Africa, Australia, Europe and many other areas of world (Vatta et al., 2009; Lone et al., 

2012; Mederos, et al., 2014). The disease caused by this parasite is known as haemonchosis 

in small ruminants (Soulsby, 1982). Predilection site for H. contortus is abomasum of host. 

This nematode parasite can be identified easily because both male and female has specific 

morphological characteristics which are helpful for their identification and make them 

different from other family members. In female white ovaries coiled spirally around 

intestine which give them appearance of barber pole due to which its common name is 

barber pole worm (Sangster, 1995). The size of male and female worm is 1310 um and 

1850 um, respectively (Lichtenfels et al., 1994). Female produces egg with a range of 5000 

to 1000 eggs per day per female (Prichard, 2001). The egg size varies from 70-75 um, 

yellow in colour and having nearly 16 to 32 cells within egg.  

The life cycle of H. contortus is direct and quick (Fig. 2.3). Adults live and mate 

inside abomasum of small ruminants, eggs produced by females excreted in faeces. Within 

faeces, hatching of eggs takes place to first stage larvae (L1), which convert into third stage 

infective larvae (L3) through two successive molts. This L3 stage is known as infective stage 

of this parasite. The ruminant host ingest the L3 during grazing, which are wandering on 

the pastures. Inside rumen, L3 shed the cuticle, move to abomasum and grow into 4th larval 

stage (L4). This 4th stage may feed on blood and subsequently develop to adult worms 

within 2-3 weeks (Taylor et al., 2007). 

Haemonchus is a blood sucking GI nematode and known to produce anaemia in 

infected hosts (Gasser et al., 2008). It is responsible for severe economic losses in terms of 

lowered production and reproduction of host especially in temperate and tropical areas of 

the world (Miller and Horohov, 2006). The diagnosis of haemonchosis is carried out 

through faecal examination for parasite eggs (McKenna, 1981). After 2nd to 3rd week of 

infection, eggs come in faeces and culturing of faeces can be done for diagnosis. Faecal 

egg count (FEC) represents the load of worm present in gut of goats and sheep (Cabaret, 

1998). To treat haemonchosis, different anthelmintics i.e ivermectin, benzimidazole and 

levamisole are used. Unfortunately, these drugs not remain effective against 
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Trichostrogylid parasites that infect goats and sheep in various regions of world (Miller and 

Barras 1994; Gopal et al., 1999; Sangster et al., 2018). From different experiments, it was 

reported that infections due to genus Haemonchus can be controlled up to a range by 

providing planned drenching during high chance of infection, improved nutrition 

(particularly supplementation of lambs with protein), pasture management, rotational 

grazing (Barger, 1999) and use of fungi as a biological control (Larsen et al., 2000). Use 

of vaccine to produce immunity against H. contortus seems to give promising effect (Smith, 

1999). In Australia and perhaps other countries; a commercial vaccine named “Barbervax” 

is giving significant protection against haemonchosis. Table 2.1 shows distribution of GINs 

in goat population around the globe. 
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Figure 2.3: Schematic diagram displaying all life cycle stages of Haemonchus contortus in 

goats (https://parasitology.cvm.ncsu.edu/life_cycles/nematodes/Haemonchus.html) 

  

https://parasitology.cvm.ncsu.edu/life_cycles/nematodes/haemonchus.html
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Table. 2.1 Global Distribution of Trichostrongylid Nematode Infecting the Goat 

Population 

Sr. 

No. 

Country Nematode Species Prevalence 

(%) 

Reference 

1.  Bangladesh H. contortus, Trichostrongylus (T.) 

axie Oesophagostomum (O.) 

Columbianum, Strongyloides (S.) 

papillosus, Trichuris (Tr.) ovis 

74 - 100 Islam et al., 2008 

Akanda et al., 2012 

2.  Ethiopia H. contortus, T. colubriformis, O. 

columbianum, O. venulosum, 

Bunostomum (B.) trigonocephalum, 

Chabertia (C.) ovina, Tr. ovis, S. 

papillosus, Teladorsagia (Te.) 

circumcincta 

 

 

 

35-100 

Zeryehun et al., 

2012 

Shankute et al., 

2013 

3.  Egypt H. contortus, Tr. ovis 

 

24.44 Elshahawy et al., 

2014 

4.  France H. contortus, T. colubriformis, 

Ostertagia (Os.) ostertagi, O. 

venulosum, Tr. ovis, S. papillosus 

90 Chartier and 

Reche, 1992 

5.  Kashmir H. contortus, Trichostrongylus spp., 

Nematodirus spp., Strongyloides 

spp., Chabertia spp., 

Oesophagostomum spp., Trichuris 

spp 

83.64 Lone et al., 2012 

6.  India H. contortus, Trichostrongylus spp., 

B. trigonocephalum, O. 

columbianum, Tr. ovis, Tr. globulosa 

26.66-

86.68 

Sharma et al., 2009 

Padwal et al., 2011 

7.  Iran H. contortus, Teladorsagia spp., T. 

axei,  

Parabronema (P.) skerjabini 

79.5 Garedaghi et al., 

2013 

8.  Italy H. contortus, Te. Circumcincta, T. 

colubriformis, T.axei, Os. Ostertagi, 

B. trigonocephalum, Nematodirus 

(N.) abnormalis, O. venulosum, C. 

ovina, Marshallagia (M.) marshalli 

90-92 Torina et al., 2004 

Cerbo et al., 2010 

9.  Jammu 

Kashmir 

H. contortus, Ostertagia spp., 

Bunostomum spp., Trichostrongylus 

spp., M. marshalli Tr. ovis, C. ovina 

 

72.5-84.72 

Mir et al., 2013 

10.  Kenya H. contortus, Trichostrongylus spp.,   

Strongyloides spp. 

82- 90 Maichomo et al., 

2004 

11.  Malaysia H. contortus, Trichostrongylus spp. 63.1 Tan et al., 2014 

12.  Morocco H. contrtus, Te. circumcincta, T. 

colubriformis Tr. ovis, N. spathiger 

79 Lamrioui et al., 

2013 

13.  Nigeria H. contortus, T. colubriformis, O. 

columbianum, S. papilosus 

13.33-75.5 Nwosu et al., 2007 

 

14.  Norway Trichostrongylus spp., Teladorsagia 

spp., Nematodirus spp., 

 Atle et al., 2013 
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Sr. 

No. 

Country Nematode Species Prevalence 

(%) 

Reference 

15.  Nepal H. contortus, Trichostrongylus spp., 

Oesophagostomum spp. 

46-90 Karki et al., 2012 

16.  Sri Lanka H. contortus, T. columbrifrmis, T. 

axei, O. columbianum, Tr. ovis 

 

71-100 

Rajapakse et al., 

2000 

17.  Sudan H. contortus, T. colubriformis, O. 

columbianum, S. papillosus 

99.9 Almalaik et al., 

2008 

18.  Turkey Te. Circumcincta, M. marshalli, Tr. 

Ovis 

100 Şinasi and Umur, 

2005 

19.  Zimbabwe H. contortus, O. columbianum C. 

ovina,  

Tr. ovis, Nematodirus spp., 

Bunoostomum spp. 

88-97 Pandey et al., 1994 
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2.5 Strategies to Control Gastrointestinal Parasites of Small Ruminants  

There are employed various methods and strategies to control GINs infecting the 

small ruminants. Some of these are very good to implement while some have limitations. 

The most common methodologies being practiced under field conditions to control GINs 

are discussed below. 

2.5.1 Chemotherapeutic control 

The use of chemical compounds such as anthelmintics drugs are considered as first 

line of treatment for helminth infections. Anthelmintic drugs are most widely used chemical 

to treat GINs throughout the world. They are used for chemotherapy as well as prophylactic 

measures. Benzimidazoles, imidothiazole and ivermectin’s are chief therapeutic agents 

against helminth infections. These chemicals disturb the metabolic process inside the 

worms and leads to paralysis of worms. Among major groups of anthelmintics, 

benzimidazoles series including albendazole, mebendazole and flubendazole are broad 

spectrum with improved efficacy (McKellar and Scott, 1990). These drugs work through 

binding with β-tubulin of parasite resulting into microtubule polymerization of parasite. 

This polarization destroys the cell structure of parasite, hence lead to death of parasite 

(Lacey, 1990). On the other hand, Imidazothiazole drug attach to nAChRs receptors of 

worm muscles followed by paralysis and expulsion of the worm from the host (Aceves et 

al., 1970). The mode of action of Tetrahydropyrimidines drug is almost similar to 

imidazothiazoles and commonly grouped in the same group of nicotinic agonists (Aubry et 

al., 1970; Martin, 1997). Macrocyclic lactones (milbemycins, avermectins) are also broad 

spectrum antiparasitics. These work on glutamate gated chloride channels (GluCls) in the 

neurons and muscles of parasites and leads to blocking of pharyngeal pumping and 

movement of parasites (Cully et al., 1994; Wolstenholme and Rogers, 2005). 

The frequent and irrational use of these anthelmintic drugs is leading to 

development of Anthelmintic Resistance (AR). Sangster and Gill (1999) defined AR as low 

or no response of anthelmintics towards parasites at their standard dose rates. Many 

researchers reported resistance of GINs, particularly H. contortus towards commonly used 

anthelmintic which were effective previously (Sangster, 1999; Miller and Horohov, 2006). 

In this scenario, the success of these chemical is a question mark now a days.  

Anthelmintic resistance is rapidly developing in those areas or flocks which have 

high rate of haemonchosis. Furthermore, most of the farmers and consumers demands for 

chemical residue free animal products at cheap rates. The frequent use of these chemical 

increase the cost of animal products and risk of chemical residues. Anthelmintic resistance 
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has been reported against all commonly and easily available commercial anthelmintics 

towards GINs (Stear et al., 2007; Schoenian, 2013). 

Development of AR is directly associated with repeated treatment with same brand, 

low quality anthelmintic preparations, under dosing and treatment of parasites free animals. 

Furthermore, lack of knowledge about selection of anthelmintic compound, method of 

administration of drug and re-exposure to resistant GINs parasites are other contributing 

factors. Haemonchus contortus; the parasite of major concern is notorious to develop 

resistance against specific as well as broad-spectrum drugs (Hördegen et al., 2006). 

Anthelmintic resistance is a serious and world-wide apprehension, which is more common 

in sub-tropical and tropical areas of world. Preceding work of different scientists from 

Pakistan and other countries of the world reported AR in different goat breeds (Jabbar et 

al., 2008; Saeed et al., 2010). Kaplan et al. (2005) revealed a complete failure of 

anthelmintics to eliminate GINs. Some other GINs parasites are also following H. contortus 

to contribute in development of AR (Eddi et al., 1996). These aforementioned factors 

indicated that there is a need of alternate strategies to control GINs.  

2.5.2 Biological Control   

The biological control of parasites refers to control of aforementioned nuisance with 

the help of other living agents like fungi, earth worm and dung beetles. Earthworms lives 

and burrow themselves for food and shelter in the organic matter that is deposited on 

surface of soil. Earthworms are playing role in biological control of parasites by destroying 

the eggs of parasites, digesting the infective larvae or burrowing them to deeper parts of 

the soil so that chances of their recovering as infective larvae are very low (Persson, 1974; 

Gronvold et al., 1996). In various experiments conducted in New Zealand during spring 

and autumn, total number of recovered infective larvae is reduced by use of mixed 

earthworm population alone, or in combination with other biological agents (Waghorn et 

al., 2002).  

Dung beetles belong to family Scarabaeidae. These organisms live on the dung of 

the herbivorous animals and some of them use the liquid contents of manure for their 

feeding while other burry themselves in dung balls (Thomas, 2001). In various experiments 

conducted by Bryan (1976), 40-93% reduction in infective larvae was recorded by use of 

dung beetles and this was directly proportional to number of dung beetles used. Bryan also 

concluded that burial of dung which contains larvae is favourable for development of 

infective larvae by protecting them from harsh environment (Bryan, 1976). In another 

study, it is confirmed that burial of animal dung leads to recovery of higher number of 
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infective larvae (Waghorn et al., 2002). Vlassoff et al. (2001) reported the dual nature of 

dung beetles as some species of dung beetle reduce the larval population while other 

increases the number of infective larvae (Fincher, 1973). 

It is a non-chemotherapeutic control strategy particularly for GINs. Objective of 

this method is to minimize the parasite burden below their threshold levels inside host or 

in environment. Previous scientific data demonstrated that nematophagous fungi; 

Duddingtonia (D.) flagrans, dung beetles; Canthon (C.) practicola and earthworms are 

potential biological control agents against GINs of ruminants (Waghorn et al., 2002; Terrill 

et al., 2004).  

It has been evident from the studies that D. flagrans may be used to control the 

GINs of small ruminants (Chandrawathani et al. 2002). Spores of aforementioned fungus 

were fed to experimental animals and passed out in faeces of these animals without 

damaging the GI tract and gut mucosa. The sporulation of passed out fungus takes place in 

faeces followed by trapping and destruction of nematodes larvae and eggs (Fernandez, 

1999). Other benefits of D. flagrans include killing of GINs larvae which were escaped out 

of copper oxide wire particles treated animals (Burke et al., 2005). Moreover, this fungus 

has great efficacy against free living stages of GINs of ruminants and equines (Gronvold et 

al. 1996; Baudena et al. 2000). During in-vivo trials, D. flagrans enriched feed supplements 

resulted into comparatively lower FEC and more weight gain in experimental sheep (Knox 

and Faedo, 2001). This alternate control strategy may be used for control of GINs of small 

ruminants. However, limitations are there such as delivery system and drug interactions 

that hampered its effectiveness (Pena, 2001).  

2.5.3 Routine Monitoring Strategies  

2.5.3.1 Decteting Parasitic Burden  

Routine monitoring of parasitic burden is carried out through determination Faecal 

egg count (FEC), Larval development assay (LDA), coproculture and Faecal egg count 

reduction test (FECRT). Severity of infection with GINs is usually determined through 

regular monitoring of FEC in infected animals (Gray, 1997). However, GINs parasite 

population and relative resistance status of host may be determined through LDA (Kaplan 

and Vidyashankar, 2012). Similarly, different helminth species and associated seasonal 

variations may be recognized through coproculture. Among all these methods, FECRT is 

most widely used test to check the development of AR in a flock or herd (Kaplan and 

Vidyashankar, 2012).  
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2.5.4.2 Maintenance of Refugia inside Host 

Maintenance of appropriate ratio of susceptible and resistant worm in a host or 

environment is most convenient approach to address the AR issues. The term refugia is of 

great concern in this regard which refers to ratio of susceptible and resistant worms in a 

population (Gaba et al., 2010). Aforementioned author documented that identification and 

treatment of highly infected animals may lower problem of benzimidazole resistance. 

Populations of resistant GINs is diluted through mating of resistant worms to susceptible 

worms. In this scenario, targeted selective treatments of only parasite positive animals serve 

as an effective tool to maintain refugia in a population (Van Wyk and Bath, 2002; Gaba et 

al., 2010).  

2.5.4.3 FAMACHA Aneamia Check 

The FAMACHA card is used to inspect the small ruminant flock by comparing 

lower eyelid colour which refers to level of anaemia in animal. McMaster technique is 

another method used to determine parasitic burden through determination of FEC in an 

animal. These both techniques decrease cost. FAMACHA checks may be recommended to 

farmers to monitor their animal’s health status at different time intervals. McMaster's 

method should be used especially in those small ruminants having FAMACHA score of 

three. Treatment should be carried out only in case of high FEC in these animals. So, 

treatment at three score of FAMACHA technique is optional or per convenience of farmer 

or veterinarian. Moreover, animals with high FEC and FAMACHA score may contribute 

in pasture infection and transmission of infection to other animals (Burke and Miller, 2008). 

2.5.4.4 Enhancing Host Resilience Through Nutrition 

Animal productivity and level of immune response is directly associated with 

protein rich feed or supplements. Previous reports reflected that lambs which are given 

protein rich diet are more resistant to GINs (Bricarello et al., 2005). High level of protection 

or resistance against pasture helminths may be seen in sorghum and soybean fed goat kids 

(Torres-Acosta et al., 2004). It may be suggested that provision of such nutritional 

supplements is an effective way to minimize the devastating effects of parasitic infections. 

Inclusion of urea-molasses blocks in routine diet of grazing goat kids has shown improved 

resistance towards H. contortus infection (Waruiru et al., 2004). It is obvious fact that 

improvement in nutrition of small ruminants may minimize the injurious effects of GINs 

parasitic infections. Various plant species and their compounds have negative effects on 

GINs population (Hoste et al., 2008). Certain plant metabolites or bioactive compounds 

may be added as an alternate option to make some integrated nematode control programs 
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(Brunet et al., 2008). Plants which has some anthelmintic activity may be helpful for 

modification of immune response of goats towards GINs. Such plants are known as 

nutraceuticals (Hoste et al., 2005). 

2.5.4.5 Use of Medicinal Plants and Condensed Tannins 

Since long time, parasitic and other disease have been effectively treated by use of 

medicinal plants (Athansidou et al., 2007). Ethno-veterinary medicine or Phytotherapy is 

well known areas which uses such fodders and medicinal plants to treat different parasitic 

infections (Jabbar et al., 2007; Ullah et al., 2015). These herbal compounds or preparations 

are comparatively more effective, cheap and easily available as compared to synthetic 

anthelmintic drugs against GINs of livestock (Githiori, 2004). Further, concern of chemical 

or drug residues is minimized in these herbal compounds. Tannins are considered as 

alternative to anthelmintic drugs which attaches with proteins and other molecules of 

parasites. Principally, two common types of tannins are available including; hydrolysable 

and condensed forms (Coffey et al., 2007). Most of the plant species contain high amount 

of condensed tannins. Along with many benefits, tannins have some harmful effect too on 

their hosts. The adverse effects of tannins in animals depend on plant type and 

concentration of tannins consumed by animals. Furthermore, increase in milk yield, growth 

rate, wool quantity and reproductive performance of animal is also associated with 

consumption of tannins (Terrill et al., 2007). Some researchers claimed beneficial effects 

of tannins on GINs. Tannins supplementation decreases the egg hatch and larval 

development of GINs (Brogna et al., 2014). Plant species which contain rich amount of CT 

and effective against GINs includes Sula, big trefoil, sanfoin and sericea lespedeza (Coffey 

et al., 2007). 

2.5.4.6 Pasture and Grazing Management  

Pasture and grazing management along with use of anthelmintics drugs are main 

basis of control of GINs in any population (Bennema et al., 2010). Rotational grazing of 

livestock species is key factor while achieving the target of safe pastures or to minimize 

the rate of infectivity of a pasture (Morley and Donald 1980). Rotational grazing to 

minimize the infection through marked larval mortality during no grazing periods. 

Although, most of the forage species has best nutritional values at the age of 28-30 days 

that co-insides with completion time of life cycle stages of most of the GINs and high 

parasitic burden in pasture. In this scenario, time period of rotation may be extended to 

minimize the infectivity of a pasture. 
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Rotation of comparatively parasite resistant animals with parasite susceptible 

animals may be more beneficial in this regard. However, this strategy may not be much 

effective due to some practical limitations (van Wyk et al., 2006). The main idea behind 

any grazing system is to deliver clean or safe pastures for grazing of animals. Grazing 

system also ensure the availability of sufficient forage for grazing animals (Barger, 1999). 

 Worm control can be achieved by implementing the clean grazing system and dose-

and-move strategies (Coles and Roush, 1992) and this implementation depends upon the 

effective anthelmintics. Availability of feed or fodder and practical problems are the main 

hurdles faced by farmers while adapting these principles. Farmer moves their livestock 

according to availability of fodder (Maingi et al., 1996). In dose-and-move strategies, 

efficiency of single treatment is extended by moving the animals to clean pastures. This 

will ultimately reduce the chances of reinfection by the second wave of infection in pasture 

(Boa et al., 2001). 

 Under set-stocked conditions in the absence of other GINs control strategies, the 

only option is the “poor man’s clean grazing”. For this purpose, in the early season, both 

animals are subjected to repeated treatments with anthelmintics. On the other hand, this 

strategy is questionable due to the chances of development of AR in nematodes. But the 

evidences in this aspect is contradictory (Coles and Roush, 1992). 

 There are three main strategies used to control helminths through pasture 

management named ‘preventive strategies’, ‘evasive strategies’ and ‘diluting strategies’ 

(Thamsborg et al., 2004; Younie et al., 2004). “Preventive strategies” are grazing of 

animals that are parasite free on the clean pastures. These include change of pasture 

between the season, moving of animals at weaning, delayed in lambing, reseeding of grass 

and cultivation of annual forage crops. In case of “evasive strategies” animals are moved 

from infected to clean pasture in order to avoid worm challenge. These include alternative 

grazing of different species, moving the animals to safe pastures, changing of the pasture 

within the same season alongwith cultivation of annual forage crops. In diluting strategies, 

pasture infectivity is diluted by certain other factors such as avoiding of those stocking rates 

that are close to carrying capacity of plant production, by reducing the general stocking 

rate, mixes species grazing at same pasture or alternate grazing with other species (Barger, 

1999; Thamsborg et al., 2004; Younie et al., 2004). 

 The role of pasture management in controlling helminths can be easily understood 

by knowing about the development of parasites in and outside the host. Availability of 

larval stage and its survival on the pasture is the key factor in controlling internal parasites 



 

20 
 

through pasture management. This can be understood by following statements (Barger, 

1999). 

➢ Intake of larval stage by host is directly proportional to quantity of infective larvae 

on pasture 

➢ Troughs and peaks of larval infectivity can be discovered by observing the larval 

availability for a long period and hence this peak duration can be controlled. 

➢ In order to prevent the peak infection level at pasture, the cause of that peak is 

necessary to evaluate. 

➢ In order to understand the declining rate of pasture infectivity, larval survival time 

is the key factor which mainly depends upon the type of climate. 

 For efficient grazing management, the two terms safe and clean pasture should be 

understood. The term “clean pasture” is used for those pastures that have very low or nil 

infection level at its first exposure to animals (Younie et al., 2004). Clean pastures can be 

achieved by rotational grazing of susceptible and unsusceptible species for a period of three 

years or by cultivating the forage or crops on that land (Thamsborg et al., 2004). 

 Safe pastures are the pastures with minimum contamination. For most species of 

helminths, pasture infectivity decreases in three to nine months depending upon the nature 

of climate and time of the year (Barger, 1999). For example, eggs of Nematodirus spp. can 

survive on the pasture for more than a year (Younie et al., 2004). 

2.5.4.7 Climatic Conditions 

 Hatching of parasite eggs followed by larval development is mainly depends upon 

the climatic conditions of the area. So, ultimately grazing management greatly depends 

upon climatic condition of that area (Barger, 1999). No universal grazing system for every 

climate can be introduced as survival time for larvae on pasture can range from few weeks 

in wet tropics (Banks et al., 1990) to more than a year in temperate climates (Barger, 1999).  

For example, reliable grazing system for control of parasites in the tropics is 

“rotational grazing” (Barger, 1999). In this system, rapid pasture movement (every 3-4 

day) followed by longer periods of spelling (30+ days) is done to achieve safe pasture. 

This rotation is necessary in order to destroy parasite life cycle (Chandrawathani et al., 

2004). In temperate climates, a big-time margin is required to make a pasture safe so rotational 

grazing is not applicable in this type of situation (Barger, 1999). 

2.5.5 Immunological Approaches  

Vaccination is considered as most effective tool to control infections. Vaccines are 

available against many viral and bacterial diseases but development of vaccines against 
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parasites and parasitic diseases is a difficult task and success is very limited. Biologist are 

working since last 30 years, but still limited success is there. Attempts were made by Smith 

and Zarlenga (2006) to identify vaccine agents of nematodes. They reported some gut and 

hidden antigen that may induce immunity in host. Kabagambe et al. (2000) explored some 

gut antigen such as H-gal-GP and H11 against H. contortus. Furthermore, excretory and 

secretory (ES) products of parasites are good source to act as vaccine candidates. In this 

regard, the use of 15 and 24 KDa heavy ES products of H. contortus provided sufficient 

immunity to reduce worm burden and FEC up to 70% (Schallig and Van Leeuwen, 1997). 

Moreover, H-gal and H11 showed more efficacy in terms of reduced FEC (80-90%) and 

worm burden (60-75%) as reported by Newton and Meeusen (2003). Aforementioned 

vaccine candidates were further used to induce protective immunity in kids and lambs 

against H. contortus. The success of these studies was measured in terms of FEC, PCV, 

worm burden and IgG production (Olcott, 2006). Efforts were also made to develop some 

molecular vaccines using recombinants H11 and H-gal candidates for H. contortus, but no 

protection was induced (Smith et al., 2009). Comparatively, better results were reported in 

case of nucleic acid vaccines against H. contortus (Laing et al., 2013). Use of vaccine to 

produce immunity against H. contortus seems to give promising effect (Smith, 1999). In 

Australia and perhaps other countries; a commercial vaccine named “Barbervax” is giving 

significant protection against haemonchosis.  

2.5.6 Selective Breeding of Parasite Resistant Host  

 In the scenario of development of AR against GIN parasites of small ruminants, 

selection of parasite resistant or resilient goat breed is another auxiliary tool to control GIN 

parasites. Resistance from parasitological point view is known as host ability to limit FEC 

during GIN infection (Bisset et al., 2001). The rate of replication of a parasite inside its 

host is directly linked with level of resistance of the host (Doeschl-Wilson et al., 2012). It 

is a proven fact that selective breeding of animals against various diseases is possible 

(Banos et al., 2017). The term “tolerance” refers to ability of a host to perform or remain 

productive during course of parasitic infection (Bishop, 2012). Breeding of such tolerant 

animals decrease their susceptibility towards parasites vigor without disturbing the 

invading parasite. The estimation of host tolerance is greatly depending upon the parasitic 

burden which make it difficult to measure in resistant animals (Bishop and Woolliams, 

2014). The term “resilience” is mentioned in various studies with different definitions. 

Doeschl-Wilson et al. (2012) define it as ability of a host to maintain its performance during 

infection irrespective of parasite burden which may be confusing while measuring tolerance 
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of host. Another confounding explanation resilience is:  the ability of a host to tolerate the 

parasitic burden without appearance of any clinical signs (Gunia et al., 2013). A 

comparatively more specific definition of this term is adaptation of an animal to diverse 

environments in its surrounding (Bishop and Morris, 2007). Various parameters may be 

used to measure the resistance and resilience of an animal. Faecal eggs count and worm 

burden values in a host define its resistance status while PCV and live body weight are 

considered as parameters of resilience (Chiejina et al., 2010). Resistance to GINs can be 

calculated by checking of FEC directly or through determining the level of antibody 

produced or counting the blood and tissue cells in natural or artificially infected host 

population. 

2.5.7 Parameters Associated with Breed Susceptibility / Resistance 

2.5.7.1 Faecal egg count 

  Faecal egg count is an extensively used tool for evaluation of breed resistance 

towards GINs (Smith et al., 1984; Gruner et al., 2004; Davies et al., 2005). This is a 

heritable trait in sheep and goat (Davies et al., 2005). Its heritable ranges vary in goat (0.04-

0.37) and sheep (0.2-0.4). Reports are available on heritability estimates of FEC in multiple 

goat breeds round the world. In sannen goats of New Zealand, the estimated value of 

heritability was 0.05 in one-year goats (Morris et al.,1997) while in case of Fijian goats, 

heritability values were 0.04-0.08 in Fiji (Woolaston et al., 1992). Mandonnet et al. (2001) 

used different age groups (4, 8 and 10 month) of Serole goats to estimate heritability for 

FEC and values were 0.14, 0.17 and 0.33, respectively. These studies support the facts that 

heritability estimates with respect to FEC are associated with genetics of host and they tend 

to increase with age (Bishop et al., 1996). Faecal egg counts are reliable, practical and 

valuable criteria to measure the host resistance against GINs across the globe (Gray, 1991). 

This parameter is highly correlated with adult worm counts in lambs (Stear et al., 1995; 

Good et al., 2006). While with respect to live weight of infected goats, FEC is negatively 

correlated in lambs of Scottish Blackface sheep (Bishop et al., 1996). A much significant 

correlation between growth rate and FEC in Te. Circumcincta infected small ruminants has 

been reported by Eady et al. (1998). 

Several factors could be associated with variation in FEC such as inhibited growth of 

L3, low egg production by adult parasites and inappropriate males and female ratio in 

abomasa (Bricarello et al., 2004). Worm fecundity and numbers directly affect the FEC 

values (Sonstegard and Gasbarre, 2001). However, some other limitations are also 

associated with FEC values to determine the genetic resistance to GINs. Goats are more 
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susceptible to GINs parasites as compared to sheep (Miller et al., 2006) and heritability 

estimates for FEC are also lower in sheep (Baker et al., 2001). 

The shedding of nematode eggs in faeces is a clear indication of an active infection in 

any host. The principle of FEC depends upon the number of eggs/burden and fecundity of 

parasite (Siddique et al., 2010). Variations in FEC have been reported in different breeds 

of sheep and goats which were exposed to natural and artificial infection with GINs (Gruner 

et al., 2003; Gonzalez et al., 2008). Significant differences in FEC values were also 

reported in Red Maasai and ¾ Red Maasai goats as compared to Dorper and ¾ Dorper 

goats, respectively (Mugambi et al., 2005). 

2.5.7.2 Packed cell volume 

The estimation of anaemia level in any individual is carried out by monitoring the 

Packed cell volume (PCV). The effects of blood feeding parasites are mainly estimated by 

determining the PCV (%) levels (Taylor et al., 1990; Gauly and Erhardt, 2001). It is a 

phenotypic marker associated with genetically derived production parameters like wool 

growth and weight gain.  There is a negative correlation among PCV and FEC in parasite 

infected animals (Chauhan et al., 2003). In various parts of world where H. contortus is an 

endemic parasite, PCV is a low to somewhat moderately heritable trait in goats. 

PCV heritability estimates range from 0.11- 0.33 and are similar in sheep (Baker et 

al., 2001). PCV heritability estimates in creole goats from India have been reported as 0.14, 

0.33 and 0.10 (Mandonnet et al., 2001), and in Small East African goats from Kenya as 

0.25 and 0.11 (Baker et al., 2001). Packed cell volume is considered as reliable marker for 

determination of host resilience in experimental as well as natural infection with various 

GINs (Chiejina et al., 2005; Behnke et al., 2006). Both PCV and FEC are phenotypic 

markers associated with resistance to GIN parasitic infections and are helpful in identifying 

associated quantitative trait loci in resistant host (Davies et al., 2006). Romjali et al. (1997) 

determined that PCV and FEC virtuous indicators for estimation of naturally acquired 

resistance to GINs. 

2.5.7.3 Total serum proteins and albumin  

Many of the parasitic infection are characterized by hypoproteinemia and 

hypoalbuminemia (Bordoloi et al., 2012). Therefore, total serum protein (TSP) and serum 

albumin (SA) can be used as indicator traits for assessing the resistance of breeds. Several 

studies have shown a substantial variation in levels of TSP and SA in parasite susceptible 

and resistant goats (Nwosu et al., 2001). Fakae et al., 2004 demonstrated this variation in 

different goat breed which were exposed to natural and artificial infection H. contortus. 
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2.5.7.4 Post Necropsy Worm Counts 

It is generally accepted that parasite burden and health of infected host do not 

correlate always. In veterinary studies, post mortem evaluations represent the actual picture 

of correlation between pathology and invading pathogen. It always depends upon rate of 

establishment of infection and host response to pathogen. According to some studies, it is 

positively corelated but some claim that these are not associated with each other (Gauly et 

al. 2002; Dominik, 2005, Idris et al. 2012). 

2.5.7.5 Live weight   

Live weight is also a useful tool to determine the inherent resilience or resistance 

of small ruminants towards natural or artificial infection with GINs. The performance of 

such sheep and goats may be evaluated in terms of reduction or gain in live weight of 

animal. Live weight is moderately heritable trait which play key role in determining the 

maternal effects of study animals. The live body weight is an important tool for numbers 

of reasons including; selection, breeding, feeding and health care of animals (Moaeen-ud-

Din et al., 2006). 

2.5.7.6 Immunoglobulins Isotyping 

The immune system of goats produces IgA, IgE, IgG and IgM immunoglobulins in 

response to infection with GINs. In the past periods, some researchers studied the possible 

role of these Igs in immunity against GINs both at systemic and local levels. Among the 

antibody isotypes, IgM does not have a significant role (Schillig and Hendrikx, 1995). 

However, IgE plays an important role in immunity against GINs. Most studies investigating 

the IgE response to helminth infections have been human and rodent models. Parasite 

specific IgE as well as elevated level of IgE is considered as an important feature of host 

response during an active GIN infection. In humans, high levels of IgE in the serum during 

helminth infections is supposed to be among some important factors associated with 

immunity to GIN infections. However, the significance of IgE in animals during infection 

with GINs is not well studied. 

The role of IgE may be studied through goat specific monoclonal antibodies 

exposed to challenged infection with H. contortus and Te. Circumcincta. Furthermore, an 

IgE specific ELISA was also developed to monitor the Igs levels during experimental 

infections with GINs (Huntley, 1988; Kooymann et al., 1997). During haemonchosis, the 

IgE levels tend to increase at 2nd to 4th week PI while IgE levels and post necropsy worm 

counts are negatively correlated (Kooyman et al., 1997). Huntley (1988) studied the post 

infection IgE response to artificial infection with Te. circumcincta larvae in sheep. In sheep, 
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without previous exposure the levels of IgE in lymph and serum started increasing at eight 

to fourteen days post infection, but a more rapid response was noted in formerly infected 

sheep. While, low levels of IgE towards adult antigen was observed by Huntley et al. 

(1988). However, a more vibrant IgE response towards ES antigen of H. contortus was 

recorded by Kooyman et al. (1997). Shaw et al. (1998) used natural and artificial infection 

with Te. circumcincta to infect the sheep and recorded some systemic levels of IgE. He 

observed peak levels of aforementioned antibody at 20-27 days PI.  

Increased levels of IgE, eosinophils and mastocytes are three symbols of immune 

response to GINs. High levels IgE and elevated eosinophil counts are observed in infection 

with GINs. Moreover, Interleukin (IL)-4 and IL-5 production is associated with higher 

levels of IgE and eosinophils. This indicates that Th1 and Th2 cytokines both may play a 

role in infection resistance. In both humans and animals helminth infections have proven 

to be a potent stimulus of IgE responses (Jarrett and Miller, 1982).  

Cytokines produced by the T helper cell subset designated Th-2 regulate these 

responses in humans and mice (Mosmann & Coffman, 1989). Mouse strains that are 

resistant to T. muris can mount a Th2 response and can eliminate worms before they mature 

and can reproduce. Susceptible mouse strains that are treated with IL-4 are able to cure 

chronic T. muris infections. The importance if the Th2 response, but not the Th1 response, 

against helminth infection was similarly established in IL-4 or IFN knock out mouse. The 

IL-4 induced Th2 immune response regulates the production of antibodies, converting to 

IgG and IgE antibodies as described by Finkelman et al. (1988). The IgE response is 

strongly associated with allergic diseases and helminth infections, but it has been difficult 

to find the exact role of IgE in immunity towards GINs infection. 

Serum IgE levels may increase may folds (100 times) during infection with GINs 

that is (Jarrett and Bazin, 1974), this is proportionally larger as compared to other Igs. 

Interestingly, during rise of levels of IgE, a minor amount of IgE level is specific to that 

parasite. This high level of disproportionately distributed IgE might be used for to soak IgE 

receptors present on effector cells. This will prevent the activation of the effector response 

or mechanisms (Turner et al., 1979).  

The immune response of small ruminants to GINs is characterized by increased 

levels of eosinophils, mastocytes and elevated levels of IgA, IgE and Th-2 type cytokines. 

In wool sheep selected for increased parasite resistance, IgA and IgE production increases 

after GIN infection, indicating an association between the antibodies and resistance. 

Greater numbers of immune cells are associated with low FEC and worm burdens in 
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resistant breeds of sheep. Parasite resistant small ruminants have stronger Th2-type immune 

response as compared to susceptible ones. It is a well-known fact that no single mechanism 

is responsible for the induction of immunity against GINs (Gonzalez et al., 2008). Even, 

immune response is not similar in case of different GIN species. 

2.5.7.7 Immune Cells at Tissue Levels 

Various studies have been conducted to determine the response of cytokines 

towards H. contortus infection by evaluation of abomasal tissues of sheep. These studies 

showed cytokines IL-3 and IL-4 response in immunized sheep within three days post 

infection. In some studies, cytokines upregulation is observed in immunized sheep as 

compare to susceptible ones. Along with cytokines, some other molecules such as lectins 

and galectin have been believed to play their role in immune expulsion of GINs (Dunphy 

et al., 2002). Faecal egg count and adult worm count methods are used to check protection 

level against GINs (Robinson et al., 2011). During GINs infection, increase in type 2 

responses and increase in production of cytokines; IL- 4 and IL-5 increase in mast cells, 

intra-epithelial mast cell numbers, globule leukocytes and increased tissue eosinophil level 

is observed (Lacroux et al., 2006). In parasite resistant animals, hypersensitivity reactions 

and rapid rejection rate for larvae of H. contortus is observed (Balic et al., 2002). Rapid 

exclusion of larvae is related with immune response, increased influx, accumulation of 

globule leukocytes (GL) and mucosal mast cells (MMC) from abomasal tissues (Huntley 

et al., 1992) 

2.5.7.8 Genetic Basis of Parasite Resistance  

Resistance against parasites is a variable character. Phenotype of quantitative trait 

depends upon additive effect of genes (Falconer and Mackay, 1996). Parasite resistant 

phenotype is due to involvement of minor and major genes of different environmental 

factors to genetic variation (Beh and Maddox, 1996). Quantitative trait loci were used first 

time for identification of genetic markers for parasite resistance (Charon, 2004). Previous 

studies suggest that QTL for stronglyes are present on 3rd and 20th chromosome, 

respectively (Paterson, 1998; Coltman et al., 2001; Beh et al., 2002; Charon, 2004; Davies 

et al., 2006). These QTLs are affecting the FEC and results in reduction of FEC up to 98 

% (Schwaiger et al., 1995); while in another study there is no significant effect on FEC 

reduction (Marshall et al., 2009).  According to these, QTLs study genome regions involved 

in parasite resistance during immune response. Quantitative trait loci for internal parasites 

resistance are also reported (Dominik, 2005). Based on segregation analysis; resistance 

effects for H. contortus are reported from major gene but confirmation through genetic 
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marker is still needed. Issues related with the use of QTLs are the basic hurdle in finding 

proper phenotype for resistance and complex biological mechanism.  In livestock 

production, related traits are controlled by many genes from different QTLs. Quantitative 

trait loci are composed of many genes involved in host protection mechanisms (Charon, 

2004).  

 So, number of QTLs are required for immunological response of host as described 

by previous studies (Behnke et al., 2003; Menge et al., 2003). According to Dominik (2005) 

and Bishop and Morris (2007); in small ruminants, QTL participate in resistance 

developement against GINs and are identified on more than 20 chromosomes. These QTLs 

are present on MHC region and interferon-gamma (Boloorma et al., 2010; Davies et al., 

2006; Coltman et al., 2001). Creole breed genome was scanned first time for GINs 

resistance and identified 13 QTLs involved in resistance, immune criteria and resilience 

(de la Chevrotière et al., 2012). So, resistance against GINs is controlled by many genes 

(Bishop, 2012). Genomic application will help in better understanding of genetic 

mechanism involved in resistance process (Goddard and Hayes, 2009). Parasite resistance 

and susceptibility are inter-related and depends upon the immune response magnitude 

towards GINs during secondary infection. Humoral immunity also plays important role 

towards resistance against nematodes. 

2.5.7.9 Major Histocompatibility Complex 

Major histocompatibility complex (MHC) is known as clusters of genes involved 

in immunological and non-immunological responses and present in all vertebrates except 

some fish species (Ribic, 2012). Genes belonging to class I play important role in 

susceptibility to infections and class II genes involved in resistance against disease and 

regulation of hypersensitivity reactions and genes belonging to class III which regulate 

innate and adaptive immune responses are present in MHC (Paterson et al., 1998; Wassom 

et al., 1990; Friedhoff et al, 1988). Major histocompatibility complex play an important 

role in providing resistance against nematodes, autoimmune diseases and several other 

pathogens (Liu et al., 2006: Stear et al., 2007).     

 According to stear et al. (2007), MHC genes are considered as best potential genes 

for disease resistance. Genes present in MHC are known as markers and help in disease 

resistance selection. Selection based on use of genetic markers is known as marker assisted 

selection (Dekkers, 2004). Variations among MHC are responsible for resistance selection 

at individual and population level (Trowsdale, 2004). Bovine, caprine and ovine 

Association among nematode infection and MHC is observed in different animal species 
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i.e. sheep, cattle, mice and pig (Geczy & Rothwell, 1981; Stear et al., 1990). Cluster of 

genes present in MHC are divided into two types MHC-I and MHC-II based on their surface 

proteins. Antigens belonging to MHC -II are reported more active in resistance production 

as compared to MHC-I (Wassom et al., 1990). For regulation of immediate hypersensitivity 

reactions in humans, genes present in class II are more important as compare to class I 

(Friedhoff et al., 1988).  Class II genes are also active in murine models of nematode 

infection as compare to class I (Wassom et al., 1987). According to Schwaiger et al. (1995); 

DRB1 allele present on ovine MHC loci is important from resistance point of view against 

Te. circumcincta and affect FEC due to its involvement in antibody response and antigen 

presentation. Specificity of antibody against nematodes is determined through MHC. 

According to Stear et al. (1998); W9 antigen is related with susceptibility while CA45 is 

with resistance. Major antigen related with susceptibility and resistance against 

Trichostrongylus axei and H. placei are W7, CA36, CA5, Eul2, W8 and W9 (Stear et 

al.,1990). During genetic variation, some contribution is provided by BoLA. Antigen 

associated with decrease worm egg concentration are CA36 and W7. H. placei count is 

significantly affected by BoLA consisting of four major antigens (CA36, W8, CA5, W7) 

(Stear et al., 1990). Sheep leukocytes antigen are interrelated with resistance against T. 

colubriformis (Outteridge et al., 1986). Bovine leukocytes antigen is related with T. axei 

infections having W9 antigen (Stear et al., 1988). 
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Table 2.2: Global Distribution of Parasite Resistant Goat to Breeds Towards Natural and 

Artificial Infection of Gastrointestinal Trichostrongyles  

 

Sr. 

# 

Name of the Goat Breed Country References  

1.  Savanna goats 

Creole goats 

USA Goolsby et al., 2017 

Mandonnet, et al., 2001 

2.  Black Bengal goats Bangladesh 

India 

Kumar et al., 2015 

Dhara et al., 2015 

3.  Scottish Cashmere 

Tropical goats 

UK McBean et al., 2016 

Bishop, 2012 

4.  Black Iraqi  Iraq  Al-jebory et al., 2012 

5.  Local Ardi and Imported Syrian  Saudi 

Arabia   

Al-Seaf & khaled, 2012 

6.  Creole kids 

West African Dwarf 

Nigeria  Chevrotièrea et al., 2012 

Chiejina et al., 2010 

Behnke et al., 2006 

Fakae et al., 2004 

7.  Barbari 

Local hill 

Jamunapari 

Barbari 

India  Chauhan et al.,2011 

Rout et al., 2011 

Mandal and Sharma, 2008 

Kumari, 2008 

8.  Red Sokoto and west African 

dwarf  

Nsukka Onyenwe et al, 2005 

9.  Crossbred cashmere  Scotland 

Iceland 

Tasmania 

New 

Zealand 

Vagenas et al., 2002 

10.  Galla & Small East African  

Caninde, Bhuj and Anglo-

Nubian 

Africa 

Kenya 

Baker et al., 2001 

Costa, 2000 

Baker et al., 1998 

11.  Fijin goat breed Fiji  Woolaston et al., 1991 

12.  Thai native, Anglo-Nubian Thailand  Pralomkarn et al., 1997 
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Table 2.3: An overview of some parameters used for evaluation of parasite resistant goat 

to breeds towards natural and artificial infection of gastrointestinal trichostrongyles 

 

Sr. 

No. 

Parameters References  

1.  Faecal egg count  Shamim et al., 2016 

Coutinho et al., 2015 

Baber et al., 2015 

Fakae et al.,2004 

Vagenas et al., 2002 

Baker et al., 2001 

2.  Packed cell volume  Shamim et al., 2016 

Coutinho et al., 2015 

Baber et al., 2015 

Fakae et al., 2004 

Baker et al., 2001 

3.  Live weight  Shamim et al., 2016 

Coutinho et al., 2015 

Fakae et al., 2004 

Baker et al., 2001 

Pralomkarn et al., 1997 

4.  Total serum protein  Shamim et al., 2016 

Coutinho et al., 2015 

5.  Serum albumin  Shamim et al., 2016 

Pralomkarn et al., 1997 

6.  Post necropsy worm count Shamim et al., 2016 

Fakae et al., 2004 

Pralomkarn et al., 1997 

7.  Haemoglobin  Kanojiya et al., 2016 

Ahmad et al., 2015 

Pralomkarn et al., 1997 

Altaif and Dargie, 1978 

8.  Eosinophil count  Coutinho et al., 2015 

Hurtado et al., 2010 

Bambou et al., 2008 

Fakae et al., 2004 

9.  FAMACHA score Shamim et al., 2016 

Baber et al., 2015 

Hurtado et al., 2010 

Burke and Miller, 2008 

10.  Immunoglobulins  de la Chevrotière, 2012 

Andronicos et al., 2010 

Bambou et al., 2008 
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CHAPTER 3          MATERIALS AND METHODS 

 

3.1 Study Area  

The current study was executed in the Muzaffargarh district, a city of southwestern 

Punjab, Pakistan. This district is one of the oldest district in Punjab and situated almost in 

the centre of Pakistan. Muzaffargarh district spread over an area of 8,249 Km2and 

comprised of four tehsils including: Muzaffargarh, Ali Pur, Jatoi and Kot Addu. 

Muzaffargarh positions in the southwestern of Punjab, between latitude; 30° 04' 31.33" 

North and longitude: 71° 11' 31.67" East with an elevation of 119 metres (390 ft.) above 

sea level. It lies in the form of strip which is surrounded two rivers; Chenab and Indus rivers 

on its east and west, respectively. The land around the city is plain, muddy and flat which 

is very suitable for agriculture and associated livestock raising/rearing. Provision of two 

major rivers and canal systems makes the area very fertile. The climate of district is arid in 

nature with long and hot summer season while mild winters. The recorded temperatures 

during summer and winter is 54°C (129°F) and −1°C (30°F). The average maximum and 

minimum temperature is 35.7°C and 13.0 °C, respectively. The average rainfall in the 

district is 127 millimetres. Dust storms are most likely to occur during hot parts of the year. 

Layyah, Bahawalpur, Rahimyar Khan, Multan, Khanewal, Dera Gahzi Khan and Rajanpur 

are the adjoining of Muzaffargarh district (Fig 3.1). 

The total goat population of the study district was 1.05 million as documented in 

the livestock census, 2006. The most commonly available goat breeds are Dera din Pannah 

(DDP) and Nachi (Anonymous, 2011). These breeds are usually kept by local farmers under 

conventional management systems. Consequently, two commonly available goat breeds 

DDP and Nachi were selected for the present investigation. The current research work is 

consists of two major experiments, performed in the native fields of study area and in the 

confined and controlled housing at Department of Parasitology, University of Agriculture, 

Faisalabad. 
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Fig. 3.1: Map of the district Muzaffargarh showing its neighbouring areas of Punjab, Pakistan 
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3.2 Layout of Experiments 

The setup of the current study consists of two experiments as follow: 

Experiment 1: Frequency Distribution of Gastrointestinal Nematodes in goat 

population of Muzaffargarh District of Punjab, Pakistan 

 

1.1 Hypotheses 

1) Haemonchus contortus is an abundant GIN parasite infecting the DDP and Nachi goat 

breeds of district Muzaffargarh, Punjab, Pakistan. 

2) Various intrinsic and extrinsic factors are associated with the distribution of GIN 

parasites in DDP and Nachi goat breeds study district.  

1.2 Objectives 

Determination of prevalence and associated risk factors GIN parasites in DDP and 

Nachi breeds of goats in district Muzaffargarh, Punjab, Pakistan. 

1.3 Scheme of Sampling  

Present investigation was carried out through cross sectional study in the district. 

Sample size was calculated at expected prevalence of 24% (Raza et al., 2012) and 95% 

confidence interval as described in given formula (Thrusfield, 2007). 

 

n= 1.962 Pexp(1−Pexp)

d2  

Where;n = required sample size, Pexp = expected prevalence and d = desired absolute 

precision. 

1.4 Collection and Preservation of Samples 

Collection of faecal samples was carried out from the study goat breeds. 

Approximately, faeces were collected directly from the rectum of goats. Collection was 

done in hygienic condition wearing plastic gloves. The collected faecal samples were 

shifted to the bottles having 10% formalin as preservative. Properly preserved samples were 

then transported to Molecular Parasitology Laboratory, Department of Parasitology, 

University of Agriculture, Faisalabad for further parasitological examinations. 

1.4.2 Determinants associated with the distribution of GINs of goats 

For documentation of determinants associated with the distribution of GINs of 

study goat breeds, a questionnaire having multiple choice or dichotomous questions were 

prepared and tested through a pilot survey before the start of the field investigation 
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(Thrusfield, 2007). Various levels of host and environment related determinants were 

included in aforementioned questionnaire. Host breed (DDP and Nachi), age (young and 

adult) and gender (male and female) were included in host related determinants while 

seasons (Winter, Spring, Summer and Autumn), animal keeping (tethered and open), 

housing (open, semi-closed and closed), floor pattern (un-cemented, cemented and 

partially-cemented), water provision (canal and tap) were kept as environment related 

determinants. Prerequisite information was collected with the help of local farmer 

community, veterinary and para-veterinary staff and livestock extension staff. Separate 

Microsoft excel sheets or inventory was prepared for recording data. 

1.5 Qualitative Examination  

Qualitative examination of faeces was carried out through macroscopic and 

microscopic examinations (Soulsby, 1982). For macroscopic examination, colour, 

consistency, odour, presence of mucus and segments of any worm was recorded. 

Microscopic qualitative examination was carried out through standard faecal flotation 

technique as described by Soulsby (1982). 

1.6 Quantitative Examination  

The McMaster egg counting technique was used for quantitative examination of 

collected faecal samples (Soulsby, 1982). In test protocol, two-gram faeces were weighed, 

crushed and mixed in 28mL floatation solution having specific gravity of 1.2. Resultant 

mixture was sieved through a 0.02µm pour size sieve in a separate container. The filtrate 

was used to fill the McMaster chamber through a pipette. The filled chamber was left for 

15 minutes to allow the nematode eggs to float. Nematode eggs were counted in both parts 

of McMaster chamber under a camera fitted compound microscope at 10x lens and eggs 

per gram (EPG) was calculated by multiplying with multiplication factor. 
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Experiment 2: In-vivo evaluation of DDP and Nachi goat breeds susceptibility towards 

experimental infection of Haemonchus contortus 

2.1 Hypothesis 

DDP breed is comparatively more susceptible to haemonchosis as compared to 

Nachi breed. 

2.2 Objective 

 Estimation of comparative susceptibility of DDP and Nachi towards artificial 

infection of Haemonchus contortus through parasitological, haematological, biochemical 

and immunological parameters. 

2.3 Preparation of housing facility for experimental goats 

 A housing facility was prepared for experimental goats at the Department of 

Parasitology, University of Agriculture, Faisalabad. Thorough cleaning of small animal 

facility was done, and all the cracks and crevices were filled. All the possible breeding 

places of parasites were destroyed and shed was sprayed with disinfectant solution for 

disinfection purpose. White washing of shed was done. All the premises of the shed were 

covered with iron wire in order to prevent the entry of any predatory or grazing animal in 

the surroundings. Separate pen for each experimental group was constructed and provided 

with feeding manager and watering tub. Shed was covered with water proof sheet in order 

to deal with any weather effects.  

2.4. Purchase of experimental goats and housing 

 A total of 48 female goats having similar age (< 6 months), 24 of each breeds were 

purchased from local market. Selection of the animals was done through specific breed 

characteristics. After purchasing, all the animals were brought to small animal housing 

facility, Department of Parasitology, University of Agriculture, Faisalabad. Goats were 

allowed to acclimatize with environment before the start of experiment. All the 

experimental protocols were practiced as recommended by the Institutional Animal Care 

and Use Committee, University of Agriculture, Faisalabad. 

2.5 Coproculture and collection of infective third stage larvae for artificial infection 

For the collection of third stage infective larvae of H. contortus, the faeces were 

collected from goats and faecal material positive for H. contortus were subjected to 

coproculture (Zajac and Conboy, 2011). Briefly, positive faecal samples were kept in 

stainless-steel trays wrapped with aluminium foil. These rapped trays were then kept in an 

incubator at 27ºC for seven days. Coproculture was stirred with an applicator on regular 
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basis in order to prevent the fungus growth. Furthermore, moistening of faecal culture was 

carried out by sprinkling of water in order to prevent the dryness of sample. 

2.6 Experimental infection withL3 of Haemonchus contortus to goats 

After the acclimatization period, goats (n=48) were divided into two main 

experimental groups i.e. DDP and Nachi. Each main experimental group was further 

divided into six groups having four goats in each (Fig. 3.2 and 3.3). Experimental groups 

were then drenched through levamisole and albendazole drugs at prescribed dose rates for 

two days consecutively. Goat were treated with same anthelmintics for three weeks to 

minimize the faecal egg counts (FEC) near zero. For artificial infection, Baermannization 

of stored larvae (L3) was carried for isolation and identification purpose (Van Wyk et al., 

2013). Different doses of infective larvae were prepared to administer different 

experimental groups as illustrated in Fig. 3.2a and 3.2b. Artificial infection was carried out 

through early and late infection protocols as described elsewhere (Shamim et al., 2016). 

Each early and late infection protocol is further divided into bolus and trickle form of 

infection. First two groups of both breeds were administered with early infection while 

other two groups were given late infection and last two experimental groups were kept as 

negative control.  

In early infection protocol, first experimental group of both breeds was 

administered with a bolus infection (18,000 L3) on day zero while a dose of 6000 L3 was 

given to trickle group of each breed on day zero followed by three successive doses of 2000 

L3 on every other day to get a total infection dose of 12000 L3. Similarly, late infection 

groups were infected with same protocols except for the late trickle group which was 

administered with three successive doses of 2000 L3 on every other day of second week to 

achieve a total infection dose of 18000 L3 (Fig 3.2 and 3.3). 
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Figure 3.2.  Layout of experiment B showing distribution of experimental groups along 

with dose rates of L3of H. contortus for in-vivo breed susceptibility of goats for early 

infection. 

  

Early infection (n=24)

Bolus infection

D1 & N1

18000 L3

(Day 0)

Trickle infection

D2 & N2

6000 L3

(Day 0)
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(Day 1)

2000 L3

(Day 2)

2000 L3

(Day 3)

Control

D3 & N3
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Figure 3.3.  Layout of experiment B showing distribution of experimental groups along 

with dose rates of L3of H. contortus for in-vivo breed susceptibility of goats for late 

infection. 
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2.6 Coprological Examination  

A total of five-gram faeces were collected directly from the rectum of experimental 

goats on weekly basis with complete sample description. Collected faecal samples were 

processed to determine the FEC as described above in section 1.6of experiment No. 1. 

2.7 Collection and Processing of Blood Samples 

Blood (10 mL) was collected using 18-gauge syringe directly from the jugular vein 

aseptically. For haematological examination and serum separation, blood was poured in 

vacutainer tubes having 0.5% ethylene diamine tetra acetate (EDTA) and gel clot activator, 

respectively. Blood samples were collected on day 0, 2, 4 and so on till completion of the 

experiment. Collection of sera were done in 2 mL Eppendorf tubes and kept at -20oC till 

further processing (Kiechle et al., 2010). Packed cell volume (PCV), haemoglobin (Hb) 

and eosinophil count were measured in automatic haematology analyser while serum 

albumin and total protein were measured through spectrophotometric method (Benjamin, 

1978). Histamine concentration in infected and negative control groups was measured 

through a commercially available histamine-ELISA kit (Labor diagnostika, Germany) as 

per manufacturer’s guidelines. 

2.8 Post-Necropsy Worm Recovery and Enumeration 

Post-necropsy worm recovery, enumeration and identification was performed as 

described by Siddiqui et al. (2010). All the experimental goats were slaughtered through 

Islamic method of slaughtering at the end of experiment (8th week PI). Abomasa of all 

slaughtered goats were collected and processed for recovery of adult H. contortus worms. 

Abomasa were then opened through its greater curvature and abomasal contents were 

collected in graduated bucket. Fixation of abomasal contents was carried out in an aliquot 

equivalent with 5% buffered formalin for adult worm count. Rate of establishment of 

Infection was calculated as per following formula (Dobson et al., 1990). 

 

Infection Establishment Rate =
Worm Burden

Challange Dose
 × 100 
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Experiment 2A: Enzyme Linked Immunosorbent Assay (ELISA) for level of 

immunoglobulins in artificially infected Nachi and DDP goats  

 2A.1 Collection of Crude Antigen of H. contortus 

Mature H. contortus worms collected from abomasa of slaughtered goats were 

further used to prepare adult worm antigens (AWA). Briefly, worms were hand-picked by 

using sterilized forceps and subjected to washing with phosphate buffer saline (PBS). 

Washed worms were then kept in PBS (25 mL; pH-7.2) and homogenized through a tissue 

homogenizer. The homogenate was further centrifuged to collect the AWA by providing 

the conditions as described by Kabagambe (1997). The antigen was stored at -20°C for use 

in the ELISA assay for isotyping of immunoglobulins. 

2A.2 Immunoglobulin Isotypes Profiling through ELISA test  

Immunoglobulin isotypes profiling was done through ELISA technique as 

described by Bambou et al. (2008; 2013) with some modifications. 

1. 100 µL of Crude AWA was used to coat the wells of ELISA microtiter plates 

2. The plates were sealed with a microtiter plate sealer and incubated at 4ºCovernight. 

3. The plates were washed with washing solution (0.05% PBS in Tween 20) three to 

five times. 

4. The wells of ELISA plates were blocked with blocking buffer (Bovine Serum 

Albumin and PBS) to prevent any non-specific binding and then washed with 

washing solution. 

5. Serum samples were diluted and dispensed into wells of ELISA plate followed by 

incubation for two hours. 

6. Conjugate antibodies (Fitzgerald Industries International, USA) at dilution of 

1:10,000 was then added in wells of ELISA plate followed by incubation for one 

hour at room temperature. 

7. Plates were again washed with washing solution. 

8. Substrate (Chromogen, Ultra TMB) was then added to each well and plates were 

incubated for 15 minutes. 

9. Stop solution was then added to stop the reaction. 

10. Serum of colostrum deprived kid was used as a negative control. 

11. Separate ELISA plates were run for isotyping of IgG, IgA, IgM and IgE. 

12. Absorbance of plates (optical density) was read through iMark Microplate Reader 

S/N 14309 (BIORAD, USA) at 450 nm. 
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Mean optical density (OD) value of the negative control well of ELISA plate was used to 

determine the cut-off point for the OD of ELISA method. A test sample was considered 

positive at the cut off value taken by adding the mean OD value and three times standard 

deviation of negative control sample.  

 

Experiment 2B: ELISA Test for determination of plasma histamine in artificially 

infected Nachi and DDP goats 

A commercially available histamine-ELISA kit was used to determine the concentration of 

histamine in plasma of infected goat breeds. Test was performed as per manufacturer’s 

instructions. Total plasma histamine of experimental goats was determined through 

histamine-ELISA kit.  

2B.1 Preparation of reagents 

2B.1.1. Wash Buffer 

20 mL of wash buffer was diluted by adding water to reach the final volume of 1000 mL. 

2B.1.2. Acylation Solution 

Acylation solution was prepared freshly prior to use in assay. Each vial of acylation 

reagent (BA E-1012) was reconstituted with 2 mL acylation solvent (BA E-0085) 

2B.1.3. Sample preparation and acylation 

1. 25 µL of plasma, standard and control samples were dispensed into the wells of 

reaction plate 

2. 25 µL of acylation buffer was added to each well of plate followed by addition of 

25 µl of acylation solution to each well. 

3. Incubation of reaction plate was carried out at room temperature for 45 minutes on 

a plate shaker (600 rpm). 

4. 100 µL of double deionized water was then added to each well. 

5. Reaction plate was again incubated at room temperature for 15 minutes on a plate 

shaker (600 rpm). 

6. Then, 25 µL of already prepared standards, control and plasma sample were taken 

for Histamine ELISA 
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2B..1.4. Histamine ELISA 

1. 25µL of acylated standard, control and plasma samples were pipetted into 

appropriate wells reaction plate. 

2. 100 µL of histamine antisera was then added into each well of plates and covered 

with an aluminium foil. 

3. Incubation of plate was carried out for three hours at room temperature on plate 

shaker (600 rpm). 

4. Washing of the plate was done four times through 300 µL of washing buffer and 

dried by tapping of inverted plate on an absorbent material. 

5. Enzyme conjugate (100 µL) was then added into each well of plate. 

6. Incubation of plate was again carried out for 30 minutes at room temperature on 

plate shaker (600 rpm). 

7. Again, washing of the plate was done four times through 300 µL of washing buffer 

and dried by tapping of inverted plate on an absorbent material. 

8. 100 µL of substrate was then added into each well of plate in the dark place followed 

by incubation for 25 minutes at room temperature on a shaker (600 rpm). 

9. 100 µLstop solution was then added to stop the reaction. 

10. After 10 min, absorbance (optical density) of plate was read through iMark 

Microplate Reader S/N 14309 (BIORAD, USA) at 450 nm. 

Results were presented as optical density (OD) for each sample by drawing of standard 

curve between OD values and concentration of histamine. 

3.3 Statistical Analyses 

For field studies, frequency distribution of GINs and association of intrinsic or 

extrinsic factors with prevalence of GINs in goats was analysed through descriptive 

statistics and chi-square test, respectively. Strength of aforementioned association was 

measured through multiple logistic regression and odds ratio. For in-vivo experiments, 

differences between study goat breeds in terms of EPG of faeces, PCV, TSP, SA, LW and 

post necropsy worm count was measured by analysis of variance and comparing their mean 

values. All the statistical analyses were carried out at 95% confidence interval 95% and 5% 

precision level. ELISA results were analysed and described in terms of mean OD values 

for immunoglobulins isotypes and histamine concentration. All statistical procedures were 

carried out through SAS statistical software package (SAS, version, 2010). 
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Table 3.1: Layout plan of Experiment No. 2:  In-vivo Evaluation of DDP and Nachi 

Goat Breeds Resistance towards Experimental Infection of H. contortus 

Sr. 

No.  

WEEKS  ACTIVITY 

1 1, 2, 3 Purchasing of experimental goats, Acclimatization at small animal 

facility, collection of blood and faecal samples 

2 3 Deworming of experimental goats to attain zero infection level (if any) 

3 1, 2, 3 PD* Collection of faecal samples and quantification of parasites 

4 3rd PD Artificial infection through L3 stage of Haemonchus contortus 

5 1st PAI* Collection of faecal samples and quantification of parasites 

6 2nd PAI  Collection of faecal samples and quantification of parasites 

Blood Examination for haematological and biochemical parameters  

7 3rd PAI Collection of faecal samples and quantification of parasites 

8 4th PAI Collection of faecal samples and quantification of parasites 

Blood Examination for haematological and biochemical parameters 

9 5th PAI Collection of faecal samples and quantification of parasites 

10 6th PAI Collection of faecal samples and quantification of parasites 

Blood Examination for haematological and biochemical parameters 

11 7th PAI Collection of faecal samples and quantification of parasites 

12 8th PAI Slaughtering of expermiemtal goats for post necropsy worm counts 

Collection of faecal samples and quantification of parasites 

Blood Examination for haematological and biochemical parameters 
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CHAPTER 4        RESULTS  

 

Experiment 1: Frequency Distribution of Gastrointestinal Nematodes in goat 

population of Muzaffargarh District of Punjab, Pakistan 

 

A total of 3360 goats of two study breeds were screened for a calendar year; of 

which 1903 (56.64%) were infected with different species of gastrointestinal nematodes 

(GINs). A significant association (P<0.05) was found in case of breed and age of screened 

goat breeds while gender of the goats was not associated (P>0.05) with prevalence of GINs 

in the study area (Fig.4.1). With respect to extrinsic factors associated with prevalence of 

GINs in goat population of Muzaffargarh, animal keeping, floor pattern and feeding system 

showed significant association (P<0.05) but in case of housing system, results were not 

statistical significant (P>0.05) as depicted in Fig.4.2. Overall, 07 species of GIN were 

identified from infected goats with significantly (P<0.05) higher prevalence of 

Haemonchus (H.) contortus (Fig.4.3). 

The effect to varying seasons on the prevalence of GINs in Muzaffargarh district 

was also recorded during the current investigation. Highest prevalence of GINs was found 

in summer season followed by autumn, spring and winter and results were statistically 

significant (P<0.05). The prevalence of GINs was significantly (P<0.05) higher in the 

month of August and lowest in the month of January (Fig. 4.4).   
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Fig 4.1. Association of intrinsic factors with the occurrence of gastrointestinal nematodes 

of goats in Muzaffargarh district, Punjab, Pakistan 

 

 

Fig. 4.2. Association of extrinsic factors with the occurrence of gastrointestinal nematodes 

of goats in Muzaffargarh district, Punjab, Pakistan 
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Fig. 4.3. Comparative prevalence of various gastrointestinal nematode species in infected 

goat population of Muzaffargarh district, Punjab, Pakistan 

 

 

 

Fig. 4.4. Association of varying seasons with the prevalence of gastrointestinal nematode 

in goat population of Muzaffargarh district, Punjab, Pakistan 
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Experiment 2: In-vivo evaluation of DDP and Nachi goat breeds 

susceptibility towards experimental infection of Haemonchus contortus 

 

2.1 Parasitological Parameters Associated with Breed Susceptibility 

 

2.1.1 Faecal Egg Count  

In response to artificial infection with H. contortus infection, both study breeds of goats 

showed a significant (P < 0.05) difference in faecal egg counts (FEC) during 5th, 6th, and 

8th weeks post infection (PI) as depicted in Fig. 4.5 and Fig. 4.6). Nachi breed passed out 

higher number of H. contortus eggs in faeces as compared to DDP breed.  Within different 

experimental groups of Nachi, mean FEC was highest in late bolus infection followed in 

descending order of abundance by late trickle infection, early bolus and early trickle 

infection (Fig. 4.6). In case of infected groups of DDP breed, early bolus infection, late 

bolus infection, early trickle infection and late trickle infection showed highest mean FEC 

in decreasing order of abundance (Fig. 4.6). DDP breed showed significantly (P< 0.05) 

lower FEC as compared to Nachi breed while no H. contortus eggs were passed by 

uninfected control groups of both breeds.  

 

2.1.2 Post Necropsy Worm Counts 

Results of post-necropsy mean adult worm counts corresponded to the values of FEC 

in study breeds of goat. During the current study, a significantly (P<0.05) higher number 

of adult H. contortus worms were recovered from Nachi goat breed as compared to DDP 

breed (Fig. 4.7). Similarly, a marked (P<0.05) difference was observed in rate of 

establishment of H. contortus infection in both study breeds. In case of uninfected control 

groups, no adult worms of H. contortus were recovered (Fig. 4.7). 
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Fig. 4.5. Comparison of faecal egg counts (means ± S.E) in Nachi and DDP goats infected 

with artificial infection of Haemonchus contortus at different time intervals post infection. 

 

 

Fig. 4.6. Comparison of parasitological parameters (means ± S.E) in Nachi and DDP goats 

infected with artificial infection of Haemonchus contortus through bolus and trickle 

infection protocols. 

Breeds × FEC = P < 0.05 

Weeks × FEC = P < 0.05 

 

 

Breeds × FEC = P < 0.05  
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Fig. 4.7. Comparison of post necropsy mean worm counts in abomasa of Nachi and DDP 

goats infected with artificial infection of Haemonchus contortus through bolus and trickle 

infection protocols. 

 

 

Breeds × Infection Establishment rate = P < 0.05 
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2.2 Haematological Parameters Associated with Breed Susceptibility 

2.2.1 Packed cell volume  

The values of packed cell volume (PCV) were start decreasing during at 4th, 6th and 

8th weeks PI in infected groups of both study goat breeds. However, observed difference in 

PCV values was significant (P<0.05) in Nachi breed as compared to DDP breed (Fig.4.8). 

Similarly, the difference in PCV values of infected and uninfected control groups was also 

significant (P<0.05). Furthermore, different experimental groups (bolus and trickle) of 

study goat breeds showed a significant difference in PCV values (Fig. 4.9).  

2.2.2 Haemoglobin levels 

Infected groups of both breeds showed significant (P<0.05) differences in 

haemoglobin (Hb) values. There was a marked reduction in Hb (g/dL) levels during 

different time intervals PI and highest reduction in Hb values was observed during 8th week 

PI in infected groups of both breeds (Fig. 4.8). The values of Hb were insignificantly 

(P>0.05) different between two study breeds while this difference was significant (P< 0.05) 

between infected and control goats (Fig. 4.9).  

2.2.3 Eosinophil Count 

The percentage values of blood eosinophils (Eos) count were significantly (P< 0.05) 

different in Nachi goats as compared to DDP goats at different times periods (weeks) PI. 

Eos % was higher at 4th week PI in infected groups of both goat breeds (Fig. 4.8). In 

response to different infection protocols, significantly (P<0.05) lower percentage of Eos 

count was observed in Nachi goats than DDP goats in both early and late infected groups 

(Fig. 4.9).  

2.2.4 FAMACHA score  

The differences in FAMACHA scores were not statistically associated (P>0.05) in 

infected groups of both breeds. However, significant (P<0.05) differences were seen in 

infected and control groups of both breeds. Furthermore, a significant (P<0.05) decrease in 

FAMACHA score was observed at 6th and 8th weeks PI compared with 2nd week PI in both 

breeds (Fig. 4.10).  
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Fig. 4.8. Comparison of haematological parameters (means ± S.E) in Nachi and DDP goats 

infected with artificial infection of Haemonchus contortus at different time intervals 

 

Figure 4.9. Comparison of haematological parameters (means ± S.E) in Nachi and DDP 

goats infected with artificial infection of Haemonchus contortus through bolus and trickle 

infection protocols. 

Breeds × PCV, Hb, Eos = P < 0.05 
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Figure 4.10. Comparison of FAMACHA scores in artificially infected Nachi and 

DDP goat breeds. Card 1 demonstrated mean FAMACHA score for DDP and Nachi 

while Card 2 and 3 represents mean individual score of DDP and Nachi goats at 

different time intervals. 

Card No1. 

Mean Comparative Score   
 

Card No 2. 

Mean overall score of 

DDP goats 

 

Card No 3. 

Mean overall score of 

Nachi goats 
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3. Biochemical Parameters Associated with Breed Susceptibility  

3.1 Serum Albumin  

A marked change in values of serum albumin (SA) was observed in infected groups of 

both goat breeds at different time intervals PI (week 2nd to 8th). However, this change was 

significant (P<0.05) at 8th week PI in infected groups of both breeds (Fig.4.11). The decline 

in SA was comparatively higher in Nachi goats (1.0937 g/dl) as compared to DDP goats 

(1.0025 g/dl). The values of SA were significantly (P<0.05) different in control and infected 

groups of both breeds (Fig. 4.12). 

3.2 Total Serum Protein 

Both breeds of goats showed a gradual reduction in values of total serum proteins (TSP) 

from 2nd to 8th week PI. These values of TSP were in-significantly (P>0.05) different in 

infected groups of both breeds from 2nd to 6th week PI. However, a significant (P<0.05) 

difference in TSP concentration was observed at 8th week (Fig.4.11). The decrease in values 

of TSP was comparatively on lower side in DDP (1.6375 g/dl) goats than Nachi (2.1125 

g/dl) Goats. Furthermore, the values of TSP were significantly (P<0.05) different in control 

and infected groups of both breeds of goat (Fig. 4.12). 

 

4. Production Traits Associated with Breed Susceptibility 

4.1 Live Weight  

The live weight (LW) gain of infected groups of both breeds was reduced from 2nd to 

8th week PI. The drop in LW of DDP goat (1.33 kg) was optimum as compared to DDP 

goats (3.60 kg) during current experiment (Fig.4.13). Difference in LW was different 

significantly (P < 0.05) in control and infected groups of both breeds of goats (Fig.4.14). 
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Fig. 4.11. Comparison of biochemical parameters (means ± S.E) in Nachi and DDP goats 

infected with artificial infection of Haemonchus contortus at different time intervals 

 

 

Fig. 4.12. Comparison of biochemical parameters (means ± S.E) in Nachi and DDP goats 

infected with artificial infection of Haemonchus contortus through bolus and trickle 

infection protocols. 

 

a a a b 
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Fig. 4.13. Comparison of reduction in live weight (means ± S.E) in Nachi and DDP goats 

infected with artificial infection of Haemonchus contortus at different time intervals 

 

 

Figure 4.14. Comparison of reduction in live weight (means ± S.E) in Nachi and DDP goats 

infected with artificial infection of Haemonchus contortus through bolus and trickle 

infection protocols 

Infected × Control= P < 0.05  
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Experiment No. 2A: Enzyme Linked Immunosorbent Assay (ELISA) for level of 

immunoglobulins in Nachi and DDP goats exposed to artificial infection of 

Haemonchus contortus 

The crude adult worm antigen (AWA) was quantified as 4.022 mg/mL. The level 

of IgG was significantly (P<0.05) higher at 4th week PI in early bolus group of DDP goats 

as compared to Nachi goats infected with same infection protocol. While in case of early 

trickle groups of both breeds, the difference in values of IgG was significant (P<0.05) at 6th 

week PI.  In late bolus and late trickle groups of both breeds, significant (P<0.05) difference 

in level of IgG was observed at 4th week PI. The values of IgG in control goats was almost 

persistent at baseline which were different significantly (P<0.05) than those of infected 

groups of both breeds. Moreover, the difference in IgG levels started increasing from 2nd 

to 4th week PI but started declining at 6th to 8th week PI. This pattern of increase/declined 

was more pronounced in Nachi goats as compared to DDP goats (Fig.4.15, 4.16 and Fig. 

4.17). In case of levels of IgE, an in-significant (P>0.05) difference was observed within 

early infected groups of both breeds of goats as well as different time intervals (weeks) PI. 

However, the difference in IgE levels was significant (P<0.05) in late bolus and trickle 

infected groups of DDP than same groups of Nachi goats (Fig.4.15, 4.16 and Fig. 4.17).  

 

Experiment 2B: ELISA Test for determination of plasma histamine in artificially 

infected Nachi and DDP goats 

The differences were significant (P<0.05) in the concentrations of plasma histamine 

in both breeds at different time intervals (weeks). However, no significant differences were 

noticed within infected groups of goats. It is evedent from the results of the current 

experiment that a persistent level of histamine was there in plasma of infected groups of 

both breeds of goats. However, higher concentration of plasma histamine was recorded at 

mid of the experiment (4-6th weeks) as depicted in Figure 4.15, 4.16 and 4.17. 
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Fig. 4.15. Comparison of immunoglobulins and histamine concentration (means ± S.E) in 

Nachi and DDP goats infected with artificial infection of Haemonchus contortus through 

bolus and trickle infection protocols 

 

 

Figure 4.16. Comparison of immunoglobulins and histamine haematological parameters 

(means ± S.E) in Nachi and DDP goats infected with artificial infection of Haemonchus 

contortus at different time intervals 



 

58 
 

 

Fig. 4.17. Comparison of immunoglobulins and histamine in Nachi and DDP goats infected 

with artificial infection of Haemonchus contortus through bolus and trickle infection 

protocols 
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CHAPTER 5          DISCUSSION  

5.1 Background and Rationale 

Goat rearing is considered as integral part of various farming systems, particularly 

for non-agriculture community and resource poor farmers in rural parts. These are usually 

kept for milk and meat production (Khan et al., 2008). Parasitism, particularly with those 

of gastrointestinal nematodes (GINs) is a major impediment to profitable goat farming 

across the globe (Zvinorova et al., 2016). Gastrointestinal parasites have direct and indirect 

effects on hosts in terms of blood loss, hair loss, anorexia, low production and reproduction. 

Lower birth weight and decrease in weight gain are common issues related with GINs 

infection. Sever clinical and sub-clinical infection is reported in goats which resulting in 

decrease production level (Zeryehun, 2012; Ayaz et al., 2013), decreased feed efficiency 

(Kanyari et al., 2009), retard growth (Terefe et al., 2012) and anemic conditions leading to 

mortality (Hassan et al., 2011). Among GIN, Haemonchus (H.) contortus and other 

abomasal trichostrongylid are major parasites affecting the small ruminants and causing 

huge economic losses in sub-tropic and tropic areas including Pakistan (Gauly et al., 2002; 

Notter et al., 2003). Antihelminthtics are usually considered as first line of treatment for 

GINs (Byaruhanga and Okwee-Acai, 2013). However, there are limitations on the use 

antihelminthtics like resistance, high cost, availability, residual effects and prolonged 

withdrawal period (Haile et al., 2002; Nabukenya et al., 2014). Resistance development in 

H. controtus against acaricides is reported from different areas of the world (Echevarria et 

al., 1996; Jabbar et al., 2008; Nabukenya et al., 2014). Control of endoparasites may be 

achieved through pasture management like rotational grazing (Barger, 1999) but it is less 

implementable in communal grazing systems. In Pakistan, it is difficult to practically apply 

rotational grazing method on domestic as well as at national level. Some ethnoveterinary 

medicines (EVM) are found helpful but due to lack of knowledge about their mode of 

action, dosage and active ingredients is main issue regarding their commercialization. Due 

to higher developing cost of new drugs and their ecological impact point of view there is 

need for alternate control strategies for GINs. Other control strategies for GINs include; 

use of targeted selective treatments, nematophagus fungi, addition of nutritional 

supplements in feed, vaccine development, exploring the genetically resistant animals. In 

this scenario, development of less chemoprophylactic methods for GINs are gaining 

importance (Besier and Love, 2003). Selection of genetically resistant breeds against GINs 

may serve as an alternate tool for GINs control (Shamim et al., 2016). 
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Resistance from parasitological point view is known as host ability to limit FEC 

during GIN infection (Bisset et al., 2001). Resistant animals have strong tendency to disturb 

the life cycle of a parasite. Hence, the establishment of infection is greatly affected in 

resistant host (Roeber et al., 2013). The rate of replication of a parasite inside its host is 

directly linked with level of resistance of the host (Doeschl-Wilson et al., 2012). Resistance 

itself is a relative measure rather than an absolute in terms of level of parasitic burden and 

time point at which host got infection (Periasamy et al., 2014). It is a proven fact that 

selective breeding of animals against various diseases is possible (Banos et al., 2017). The 

term “tolerance” refers to ability of a host to perform or remain productive during course 

of parasitic infection (Bishop, 2012). Breeding of such tolerant animals decrease their 

susceptibility towards parasites vigor without disturbing the invading parasite. The 

estimation of host tolerance is greatly depending upon the parasitic burden which make it 

difficult to measure in resistant animals (Bishop and Woolliams, 2014). The term 

“resilience” is mentioned in various studies with different definitions. Doeschl-Wilson et 

al. (2012) define it as ability of a host to maintain its performance during infection 

irrespective of parasite burden which may be confusing while measuring tolerance of host. 

Another confounding explanation resilience is:  the ability of a host to tolerate the parasitic 

burden without appearance of any clinical signs (Gunia et al., 2013). A comparatively more 

specific definition of this term is adaptation of an animal to diverse environments in its 

surrounding (Bishop and Morris, 2007).  

Keeping in view the significance of GINs and limitations in control strategies, there 

is a need to explore alternate controls. So, epidemiological surveys for parasitic infection 

are required to plan the same effectively. In this prospect, current epidemiological survey 

was conducted with the aim to check the distribution of GINNs in native breeds of goat in 

Muzaffargarh district of Punjab, Pakistan. 

 

5.2 Epizootiology of Gastrointestinal Nematodes in Selected Breeds of Goats in 

Muzaffargarh district of Punjab, Pakistan 

The current study describes the distribution of GIN in Nachi and DDP goat 

population of the study district. Domestic goat population having natural and artificially 

induced H. contortus infection were used to evaluate the inherent resistance against GINs 

(Stear and Murray, 1994; Gruner et al., 2002). Among various GINs, H. contortus has been 

widely used as a candidate worm to test the susceptibility or resistant of a host (Baber et 

al., 2015; Shamim et al., 2016). Results of the current study reflected a better response by 
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DDP goats towards natural infection with GINs in their habitat as compare to Nachi goats. 

Resistance variation in sheep and goat breeds against nematodes and specially H. contortus 

have been reported from different areas of the world. For example, in New Zealand and 

Australia both inter and intra breeds genetic variation has been observed in goat and sheep 

breeds and this will help in selection of resistant breeds in these areas and other regions of 

the world (Woolaston and Baker, 1996). 

Current report on GINs species were also reported from different areas of Pakistan 

(Raza et al., 2007; Farooq et el., 2012; Raza et al., 2012, 2014, Ayaz et al., 2013; Nabi et 

al., 2014) and world (Mohanta et al., 2007; Sangvaranond et al., 2010; Kantzoura et al., 

2012; Lone et al., 2012; Domke et al., 2013; Elshahawy et al., 2014). Prevalence of GINs 

depends upon certain factors i.e. age, breed, sex of the host, managemental practices, 

grazing habits, use of anthelmintics, literacy rate and socioeconomic position of the farmers 

(Komoin et al., 1999; Ouattara and Dorchies, 2001). Overall higher prevalence of GIN in 

goat population is reported in current study as compared to a previous study from the same 

area (Raza et al., 2012) and other regions of Pakistan (Raza et al., 2007; Nabi et al., 2014). 

However, high prevalence (67%) as compared to current study has been reported by 

Mehmood et al. (2013) in Lahore. 

Spread of parasitic diseases is usually associated with multiple host or environment 

related determinants. There are some extrinsic (climate, management practices, 

topography) and intrinsic (breed, health status, gender, age and immune status) factors 

involved in distribution of parasitic infections. Based on gender, comparatively high 

prevalence was recorded in doe than bucks in the current study. Gender influence on GIN 

prevalence is controversial as some reports shows higher prevalence in females (Pal and 

Qayyum 1992) and males (Nabi et al., 2014; Raza et al., 2014). Findings of the current 

study are in line with the preceding results (Maqsood et al., 1996; Mandonnet et al., 2003; 

Tasawar et al., 2010; Dagnachew et al., 2011). These changes may be due to inhibitory 

effects of androgens (Seli and Arici, 2002) and stimulatory effects of estrogen on immune 

response of male and female animals, respectively (Barger,1993; Bilbo and Nelson, 2001). 

Higher level of circulating immunoglobulins (Igs), antibodies is reported in females and 

impotent male as compared to intact male. Physiological levels of estrogen in females help 

in stimulating cell mediated and humoral immune responses opposite to androgens (Barger, 

1993). Higher prevalence of GIN in doe is related with some intrinsic and extrinsic factors 

such as frequent grazing, lactational/gestational stress and peri-parturient rise phenomenon 

than male goats that are raised for breeding or sacrificial purposes (Maqsood et al. 1996). 
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Host age also influences GIN prevalence in small ruminants. A significantly 

(P<0.05) higher prevalence was recorded in young goats as compared to adults and these 

results coincide with previous data (Nabi et al., 2014). Higher prevalence in younger 

animals may be attributed to lower resistance at this age and animals are more prone to 

parasitic infections as compare to adults having significant immune response. In adults, 

initially there is a lower resistance response but with passage of time it increases due to 

intensity and exposure to reinfection (Vlassoff et al., 2001). Moreover, lower prevalence of 

parasitism in adults leads to the development of immunity and resistant to reinfection (Tariq et al., 

2008). 

The current investigation revealed that Nachi breed is more susceptible to GINs 

infections as compared to DDP. The results of current study are in line with previous studies 

conducted by Maqsood et al. (1996) and Baber et al. (2015). Dera Din Panah may have 

strong natural defense mechanism against invading parasites as compared to Nachi. Nachi 

is primarily a portly sized milch breed and being reared for beauty and productive purpose. 

It can be immune-compromised due to lactational stress which leads to parasitic infections 

(Shakya et al., 2017). Natural resistance of parasites against different chemotherapeutics 

and genetic makeup of the breeds are also key factors playing role in the increased 

prevalence of parasites in goat breeds including; Sannen goat, West African dwarf goats 

and black Iraqi goats (Al-jeboryet al., 2012). It has been reported that some of the breeds 

of goat shown resistance against parasites as compared to others (Baber et al., 2015; Lashari 

et al., 2015). Some researchers have also categorized the goats based on susceptibility to 

parasites (Richard and Cabaret 1993). Local Hill goat breed is comparatively more resistant 

to H. contortus than Jamunapuri and Barbari breeds of goat (Kumari, 2008).  

The extrinsic factors including floor patterns, housing system and feeding regimes 

play a key role in the increased prevalence of parasites in goats of that specific area. 

Findings of the current study revealed that goats kept on uncemented floor, open housing 

system and grazing were more prone to GINs infections as compared to those kept on 

cemented floor, closed housing systems and stall feeding, respectively. This difference in 

parasitic burden may be associated with grazing system and grazing habits of the host. 

While grazing, parasite positive animals shed GINs eggs on pastures, consequently other 

animals pick these eggs during grazing (Liu et al., 2006). Similarly, nutritional status of the 

host, managemental practices, quantity and quality of fodder, chemotherapeutic treatment 

and climatic variables including temperature, humidity and rainfall also influence the 

prevalence of GINs (Chaudhary et al., 2007). Moreover, the economic status of the farmers, 
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management standards and preventive use of anthelmintics can also influence the parasite 

burden. In this study, the prevalence of parasites was higher in the month of August due to 

availability of favorable conditions for the production and reproduction of the parasite 

while, the lower prevalence has been found during the months of January and February 

which are the winter months and most of the parasites undergoes arrested larval 

development without harming the host (Swarnkar and Singh, 2013). 

Other than extrinsic factors, there are other factors which can influence the parasite 

prevalence rate (Waller et al., 2004). These factors are higher multiplication rate, short life 

span, over wintering, arrested larval development, higher fecundity rate, antigenic 

variation, hypobiosis, spring rise phenomena, periparturient rise, diversity of predilection 

sites in the host, shedding of L3 larval stage in the environment, and development of AR 

(Gauly et al. 2002; Nabukenya et al., 2014). In Muzaffargarh district, the most prevalent 

nematode infecting the goat is H. contortus. Similar trend has been reported by other 

researchers (lone et al., 2012; Raza et al., 2014. 

 

5.3 Parameters to Determine Breed Susceptibility against Artificial infection of H. 

contortus 

5.3.1 Parasitological Parameters 

Faecal egg count (FEC) is the most reliable and useful method to evaluate the 

presence of resistance among animals with same parasitic infection (Gray, 1991; Dominik, 

2005). Active parasitic infection is characterized by shedding of eggs of parasites in faeces 

of host. The principle of this test depends upon the number of eggs/burden and fecundity 

of parasite (Siddique et al., 2010; Baber et al., 2015; Shamim et al., 2016). Current results 

revealed higher FEC count in Nachi goats as compared to DDP and similar trend has been 

seen in artificially infection with H. contortus. This trend coincides with the findings of 

Miller et al. (1998). However, variations in FEC have been reported in different species of 

small ruminants (Good et al., 2006; Gonzalez et al., 2008).  

There are some factors which may be observed in a host for its inherent resistance 

against H. contortus including; lengthening of pre-patent period, low rate of establishment 

of infection and less worm burden during necropsy (Altaif and Dargie, 1978; Adams, 1993; 

Steer et al., 1995). During the present study, a significant variation in FEC has been 

detected in two goat breeds. The current finding agrees with the observations of Chauhan 

et al. (2003), Preston and Allonby (1978) and Richard et al. (1990) who noted in-significant 

in different goat breeds of different localities of the world. Significant interaction between 
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breeds and time of infection has been found during the present study (Matika et al., 2003; 

Vanimisetti et al., 2004; Good et al., 2006). 

During first two weeks PI, the FEC was at its minimum level (about 0), while it 

gradually increases thereafter in both DDP and Nachi breeds of goats. However, the level 

of infection was higher in Nachi goats as compared to DDP goats. This intensity of 

infection is being influenced by different factors like intensity, nature and effect of host 

immune response on the parasite. The effect of genetic makeup of the host has also been 

reported to be an important part in establishing of parasitic infection. The genes which are 

responsible for the resistance against parasite are known as quantitative trait loci (QTL) 

present on the chromosome (Cockett et al., 2005; Marshall et al., 2005). The decreased egg 

count in DDP as compared to Nachi shows its inherent resistance towards GI parasites. 

There, DDP should be explored genetically for the presence of QTL responsible for 

resistance against parasites. 

The difference in susceptibility of the host to parasite is considerable factor in 

parasitic infection in these breeds and its parallel to worm burden/count (Good et al., 2006). 

It has been reported that despite the significant differences in FEC values, Red Maasai and 

¾ Red Maasaigoats had significantly lesser worms as compared to Dorper and ¾ Dorper 

goats, respectively (Mugambi et al., 2005). Similarly, Amrarante et al. (1999) reported that 

resistant host reflected lower worms than susceptible ones. While in other study by Gruner 

et al. (2002) claimed an increase in number of worms in susceptible sheep. The present 

study revealed a significant difference between the number of parasites present and 

infection rate in DDP and Nachi. This may be attributed to the expulsion of larvae after 

infection which might be associated with the production of antibodies and release of 

histamine against H. contortus. The presence of histamine is responsible for the expulsion 

of parasites from abomasal mucosa and its higher concentration may be present there 

(Hohenhaus and Outteridge, 1995).  

5.3.2 Haematological Parameters  

During natural and artificial infection with GINs, PCV is a valuable parameter. For 

blood feeding parasites like H. contortus, this parameter is very important because PCV 

may decrease due to drawing of large quantity of blood (0.5mL /day) by each adult parasite 

(Urquhart, 1996)). In resistant breeds, the PCV values are much higher in resistant breeds 

than susceptible ones. With the passage of time, mean PCV may remain stable or decrease 

as clear from many studies. According to Vanimisetti et al. (2004), PCV may quickly 

decline to basal levels and remain constant at 6th weeks PI.  
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The PCV values decreased at 6th and 8th week PI during in the experimental goats. 

The percentage of PCV decreased remarkably in Nachi breed than DDP. During current 

experiment, PCV values were same in study groups of both breeds. However, it starts 

decreasing in infected goats of both breeds at different time intervals PI. More evident 

disturbance in PCV values in sheep between 12-25 days PI have been reported (Dargie and 

Allonby, 1975l Mugambi et al., 2005). Resistant breeds show high level of PCV than 

susceptible sheep breeds when infected with H. contortus (Bricarello et al., 2004).  

Moreover, similar kind of results have been reported by different researchers in 

various breeds of small ruminants including:  Menz and Horro lambs (Regeet al., 2002), 

Dorper and Sabi ewes (Matika et al., 2003), Ile de France and Santa Ines ewes (Rocha et 

al., 2004) and Canaria sheep (Gonzalez et al., 2008). During the current study, interaction 

between breed groups and weeks PI reflected significant difference in PCV values. This 

pattern is, however, may vary in different breeds. Notter et al. (2003) reported marked 

decline in PCV values during 2ndto 4th week PI, while minor difference in PCV was 

observed at 4thweek PI. Likewise, in-significant differences in PCV were observed in 

Dorset, Dorper and Nelore-cattle breeds (Vanimisetti et al., 2004; Bricarello et al., 2007). 

FAMACHA card was designed to assess the level of anaemia in small ruminants 

by examining lower eyelid colour. The results of various studies demonstrated that a high 

FAMACHA score (1-2) may indicate lack of anaemia in that animal and subsequently 

considered as resistant character. A marked difference of FAMACHA score in both goat 

breeds demonstrated its reliability for assessment of breed suscepbilitty. Superiority of sires 

for parasitic resistance/resilience can be assessed by using FAMACHA system (Burke and 

Miller, 2008). Some scientists did not suggest the use of FAMACHA chart for the 

approximation of response of breeds towards GINs. However, strong evidences are also 

available which support the use of FAMACHA chart for susceptibility or resistance studies 

against GINs (Baber et al., 2015). FAMACHA can be used in the selection of animals for 

breeding purpose along with other production traits (Riley and Van Wyk, 2009).  

It has also been observed that Nachi had lower percentage of eosinophils as 

compared to DDP while infection rate was same. This trend is also mentioned by Dawkins 

et al., (1989) and Perez et al., (2001) who observed that macrophage and lymphoma 

gathered around necrotic granuloma in Haemonchus spp. three weeks PI in infected goats. 

According to Hunter and Mackenzie (1982), very low numbers of eosinophils was noticed 

at 7th day PI in Haemonchus infected lambs. Moreover, quick production of eosinophil was 

noticed around 4th stage larve of Haemonchus (Balic et al., 2002). Eosinophils adhere to 
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the surface of Haemonchus spp. in larvae and showed remarkable damage in sheep that 

were challenged after nine weeks of immunization (Balic et al., 2006). Rainbird et al. 

(1998) conducted an in vitro study in which eosinophils from sheep sensitized with 

Haemonchus were seemed to immobalize larvae of Haemonchus spp. in the presence of 

antibodies. Presence of high number of eosinophils in circulation may be linked with lower 

post necropsy worm count which favour the settlement of H. contortus population in DDP 

breed. During infection of haematophagous nematode, concentration of Hb vary greatly 

within and between breeds of goats.  

5.3.3 Biochemical Parameters Associated with Breed Susceptibility 

One of the most important tool to evaluate host resistance against infection is total 

serum proteins. As far as concentrations of total serum proteins are concerned, non-

significant differences were recorded in both goat breeds. However, at different time points, 

these were significantly different post infection which recommends variation in inherent 

resistance of study breeds. Previous data have shown that protein level of serum remain 

within normal range even at high values of FEC (Hoffman, 1981). It has already been 

reported that serum proteins of resistant breeds have less effected than susceptible. 

(Gonzalez et al., 2008). Level of plasma protein have been reported higher in resistant 

breeds than susceptible goat breeds (Bricarello et al., 2004). Hypoproteinaemia is also 

considered as a salient characteristics of GINs infection (Bordoloi et al., 2012). 

Levels of SA is another parameter of assessing the susceptibility of goats towards 

infection. An important indicator of parasitic infections is hypoalbuminemia (Bordoloi et 

al., 2012). This investigation revealed a significant difference in the concentration of 

albumin at different time points PI. Differences in albumin concentration between resistant 

and susceptible breeds of goats and sheep have been reported (Amarante et al., 1999; 

Bricarello et al., 2004). 

5.3.4 Production Trait in Susceptible Goats  

 The Nachi and DDP breed exhibits remarkable decrease in weight gain which is 

more prominent in Nachi as compared to DDP. Both Nachi and DDP are heavy goat breeds, 

DDP possess greater growth rate than Nachi breed. It has been reported that in a specific 

study period, the overall weight gain was very low during specific study period in 

susceptible breeds of sheep with specific resistance (Mugambi et al., 2005). It was noticed 

that by keeping in view of weight gain and live body weight, there was insignificant 

difference between susceptible and resistance animals (Bricarello et al., 2007). Further, 

there were no persistent differences in live body weight gain by keeping all the traits of 



 

67 
 

three ewe lambs of different breeds remarkably different (Vanimisetti et al., 2004). In this 

study, the difference between weight gain in Nachi and DDP may be due to difference of 

genetic potential of the breeds. The criteria of weight loss and gain is considered a useful 

parameter which mainly dependent upon herd size and genetic potential of the animals 

(Notter et al., 2003).  

5.3.5 Immunological Parameters Associated with Breed Susceptibility 

 Two immunoglobulins (Igs); IgG and IgE were investigated in the experimental 

goats. It was observed a low level of Igs at different time intervals PI. The level of 

immunoglobulins started to elevate during 4th and 6th week PI, then it started to decrease 

towards end of the experiment. It is documented earlier that in resistant and immunized 

animals level of antibodies (Abs) remained low during first week of post infection (Lacroux 

et al., 2006). The production of antibodies at different time intervals PI was observed during 

4th and 6th week. Pernthaner et al. (2006) supported that after 28 days PI, the antibody 

production is increased.  

In the present study high level of IgG indicate that it is s systemic in origin (Smith, 

1977). Resistant animals produced all types of Igs Gomez-Munoz et al., (1999). During 

this investigation, Ig level remains elevated throughout the course of infection. It has been 

reported that in H. contortus infected sheep, the elevated level of IgG1 has been followed 

by IgG2, IgM and IgA (Schallig et al., 1995). 

During present study, levels of IgA and IgM were not observed. IgA is a secretory 

antibody and is mostly present in mucosal secretion, but high levels are found in colostrum, 

milk intestinal fluid, saliva and urine. As, IgAs are secreted in mucus of small intestine. 

Thus, their primary role is to protect the lumen from all invading organisms like bacteria, 

virus and parasites (Tizard, 2004). During secondary infection, the elevated production of 

IgA is credited with resistance of a parasite (Pfeffer et al., 2005). IgA is active antibody by 

nature, which is dynamically secreted from the epithelium of the aboma and the relationship 

among infection and IgA Abs is very strong in many infectious diseases (Macpherson et 

al., 2008). IgM and IgA are established in abomasal mucus in nematode infections because 

they are main Ig isotypes in mucosal protection (Harrison et al., 2003; Amarante et al., 

2005). In animal, IgA Abs produce locally (Smith, 1977). However, Bambou et al. (2008) 

reported that IgA also exists in sera of diseased animals and is secretory in nature. The 

specific Abs are produced against the specific larval infection in the animal which has been 

formerly attacked by that parasite and is able of identifying larval antigen (Balic et al., 

2006). 
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IgE is the most noticed Ig during this study. In the start of infection, the level of IgE 

was different to some extent but remained prominent during current study. Levels of IgE 

during H. contortus infection have been reported by Kooyman et al. (1997). In GI nematode 

infections, IgE is the most investigated Ig, and the level of IgE is expected to be elevated 

during infection. In small ruminants, the increased levels of IgE have been associated with 

resistance to GINs (de la Chevrotiere et al., 2011). IgE levels may increase up to 100-folds 

in case of helminths infection which is higher in any case of Igs (Jarrett and Bazin, 1974). 

However, the serum level of IgE is seems very low as compared to IgG levels. Normally 

IgE isotypes are attached at the Fc region of basophils, mucosal mast cells, eosinophils and 

on other cells. 

 The degranulation of these granulocytes occurs, when an antigen goes into the 

body, which consequences the discharge of diverse mediators. Leukotrienes, 

prostaglandins and chymase enzyme which cause fluctuations in the gut functioning. 

Correspondingly, it has been detected that the degranulation occurs when eosinophils 

attacked to the exterior of parasitic larvae (Mackenzie et al., 1981). When equated with 

arbitrarily produced lambs the resilient strains of sheep have been observed to produce 

higher levels of IgG1 and IgGE (Gill et al., 2000). In the current study of H. contortus 

infected goats, no clear changes were perceived in the levels of Igs. By using specific 

antigens, there was no major alteration detected in the levels of Igs towards infection with 

GINs (Lacroux et al., 2006). These explanations direct that assembling of antibodies and 

specific larval antigen to play their role during the clear infection but very low during the 

pre-patent period. 

It is a recognized element that the type 2 immune reaction has been detected against 

mature parasites (Lacroux et al., 2006) with greater levels of mastocytosis eosinophilia, 

IgG, IgA and IgE (Pernthaner et al., 2006) at the area of infection (Balic et al., 2006).  

Susceptible breeds have diverse kinds of immune responses as equated to those breeds 

which naturally resistant to parasites (Bowdridge et al., 2008). The time mandatory for 

support to active immune response and extent of immune response is different in different 

breeds (Bowdridge et al., 2008). On the other hand, different workers have recommended 

diverse mechanisms. Gill et al. (1993) wondered that enzymes that are vital for the 

existence of the parasite counteracted by parasite- specific IgG and IgA. Likewise, IgA 

quantity in gastric lymph has been observed (Smith, 1988) which interfering with parasite 

body length and feeding. Similarly, Bottjer et al. (1985) observed the existence of IgG1 
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changing parasite feeding. Immunoglobulins fix to the stroma, cuticle and excretory pores 

of the parasites and play their role by changing parasitic activity.  

5.3.6 Histamine concentration and Breed Susceptibility 

 Eosinophilic lethal effect against nematodes is aggravated by mast cell derivatives 

including histamine and macrophages and T-lymphocytes derived complement factors 

(Meeusen, 1999). Histamine plays a role in immunity by immediately expelling the 

parasites and high concentration is observed in abomasal mucosa of resistant sheep. 

Histamine affect the immunological functioning of certain cells i.e. B-cells, dendritic cells, 

epithelial cells, T-cells, and granulocytes, reduction in type 2 cytokines secretion, IgE level, 

increase in blood eosinophil and no change in IFNγ, decrease in brocho-alveolar eosinophil 

(Miyamoto et al., 2006;Bryce et al., 2006).Hypermobility and hyper secretions due to 

higher histamine concentrations is detrimental for fecundity and motility of worms and also 

helping in movement of Abs through abomasal lumen (Hohenhaus and Outteridge, 

1995;Miller, 1996). Histamine released by mast cells results in peristaltic movements and 

leads to mechanical expulsion of parasites. Gastric secretions like histamine results in 

decrease egg producing capacity of H. contortus worms. Histamine released and cause 

vascular permeability in response to parasite's antigens. 

 Current study revealed that histamine was secreted during whole infection period. 

Minimum level in blood may be observed at day zero of infection (Laroche et al., 1991) 

while maximum concentration may be seen during 2nd to 6th weeks PI in goats. According 

to Harrison et al. (1999) higher level of histamine and Abs are observed in sheep infected 

T. colubriformis. The results of the present study showed that a persistent concentration of 

histamine in plasma of infected goats PI. Histamine is involved in resistance development 

again parasites, minimizing immunopathological complications and modification of 

immune responses (Bourne et al., 1974).  

In conclusion, according to present study goat breed is a crucial factor that influence 

GINs especially H. contortus prevalence in goat population of district Muzaffargarh, 

Punjab, Pakistan. Findings of the current study indicate that resistance in DDP breed is due 

to production and persistence of IgG and IgE. So, we can conclude that worm burden and 

faecal egg count are associated with higher levesl of these Igs. 
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CONCLUSIONS 

A) Experiment No. 1 

1. Different GIN parasites (n=7) were identified in DDP and Nachi goat breeds of 

Muzaffargarh district.   

2. Breed and age of screened goats were significantly associated with the distribution 

of GIN infecting DDP and Nachi goat breeds. In case of extrinsic factors, floor 

pattern, grazing system and animal keeping has positive association with the 

prevalence of GIN in study breeds while no significant association was there in case 

of housing systems of study goats.  

3. The prevalence of GIN was higher in younger age group and female goats showing 

their susceptibility to infections.  

4. The prevalence of GIN also depends upon environmental factors. 

B) Experiment No. 2 

1. Nachi breed showed compromised response to artificial infection with H. contortus 

as compared to DDP breed.  

2. Higher susceptibility of Nachi goats was seen based on evaluation of phenotypic 

markers at different time intervals PI. 

3. Levels of Igs were more prominent in DDP goats as compared to Nachi goats.  

4. Relatively higher concentration of histamine observed in DDP goats as compared 

to Nachi goats during different time intervals PI. 

5. Nachi breed is more susceptible to H. contortus infection than DDP breed as 

reflected from artificial infection with aforementioned parasite.  
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FUTURE OUTLOOK / RECOMMENDATIONS 

Although, it was a preliminary study towards breed susceptibility towards parasitic 

challenge however, the following recommendation may be helpful to farmer and scientific 

community. 

➢ Breeding of resistant goat breeds (DDP) may be carried out at domestic as well as 

national level. 

➢ Screening of more goat breeds including both gender and with different parasite 

species and strains along with different protocols may be done. 

➢ This study showed the way forward to selective breeding of resistant goat breeds 

that will minimize the associated production losses. 

➢ Mechanisms behind resistance should be identified through future studies at large 

scale with more number of animals, with different parasite species and experimental 

protocols. 

➢ Genetic markers associated with breed susceptibility/resistance should be further 

explored to introduce marker assisted selection (MAS). Also, finding of candidate 

gene; controlling resistance at quantitative trait loci (QTL) is needed. 

➢ Study and screening of component of immune system e.g. local production of 

antibodies, interleukins IL-13 and the role of macrophages in the abomasal mucosa 

need to be evaluated. 

➢ Role of micro molecules e.g. lectins and galectins and identification of specific 

proteins associated with resistance towards H. contortus infection should be 

investigated. 

➢ Evaluation of response of DDP breed towards purified (E/S) antigen through 

immunization trails against H. contortus infection should be carried out.  

➢ Role of pH and other abomasal secretions in relation to resistance against H. 

contortus may be needed to identify the exact mechanism. 
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CHAPTER 6       SUMMARY 

Goat; the poor man’s cow is considered as integral part of various farming systems, 

particularly for non-agriculture community and resource poor farmers. Gastrointestinal 

(GI) parasitism particularly with those of nematodes remains a major constraint associated 

with the production of small ruminants under grazing/browsing conditions. The GINs cause 

economic losses to goat industry in two components. The first component is the direct 

annual losses by an increase in anthelmintic treatment and pasture management cost. While, 

the second component, influences indirectly in terms of decreased production, live weight 

gain, wool quality, fertility and rate of survival. The GI parasitism control strategies that 

usually adapted are chemotherapy, vaccination, pasture exposure, ethnoveterinary 

practices, pasture and grazing management, but all these have their own limitations such as 

anthelmintic resistance, drug residues, cost of purchase, efficacy and environmental 

concerns. Genetic selection of lines or breeds of hosts (e.g goats) is a complementary tool 

used to control GI parasitism globally. 

In present study, two commonly reared goat breeds named: Dera Din Pannah (DDP) 

and Nachi of district Muzaffargarh were evaluated for their susceptibility towards artificial 

infection of Haemonchus (H.) contortus. Study was comprised of two major experiments. 

First experiment was planned to investigate the distribution of gastrointestinal nematode 

parasites infecting two study goat breeds in their natural habitat i.e Muzaffargarh district of 

Punjab, Pakistan. During first experiment, a cross sectional study through simple random 

sampling was carried out on monthly basis for a calendar year. Briefly, faecal samples were 

collected directly from the rectum of randomly selected goats, preserved and transported to 

Molecular Parasitology Laboratory, Department of Parasitology, University of Agriculture, 

Faisalabad for parasitological examination. Data regarding extrinsic and intrinsic factors 

associated with distribution of parasites was collected on a predesigned questionnaire. A 

total of 3360 faecal samples were collected and processed through qualitative and 

quantitative faecal examination. The overall prevalence of GINs in DDP and Nachi breed 

was 43.83 % (1116/2215) and 70.08 % (787/1145) %, respectively.  A total of seven species 

of GINs were identified through faecal analysis including: Haemonchus contortus, 

Trichostrongylus spp, Teladorsagia circumcincta, Chabertia ovina, Oesophgostomum 

columbianum, Strongyloides papillosus and Marshallagia marshalli. Breed and age of 

goats were found significant association with distribution of GINs while gender of goat did 
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not show any significant association. Furthermore, floor pattern, feeding methods, animal 

keeping, and season were significantly associated extrinsic factors in this regard.   

For in vivo experiment, a total of 48 goats were selected (24 from each breed). The 

experimental goats were purchased, housed, acclimatized, grouped and screened for the 

Faecal Egg Count (FEC). Grouping of experimental goats were carried out randomly. 

Infective third stage larvae (L3) of Haemonchus contortus were harvested through 

coproculture to induce artificial infection. Experimental goats that were free from any GI 

infection were further exposed to artificial infection challenge with L3 larvae. Animals were 

kept in controlled environment throughout the experiment. Faecal samples were collected 

from experimental goats on weekly basis and screened for faecal egg count (FEC) post 

infection (PI). Blood samples were also collected at 2nd, 4th, 6th and 8th week for serum and 

plasma separation from infected goats and further used for the determination of 

Immunoglobulins (Igs) isotypes and plasma histamine. At the end of trial, all experimental 

goats were slaughtered for live adult worm recovery and quantification. 

FEC was significantly higher in Nachi goats as compared to DDP goats. Similarly, 

higher numbers of adult H. contortus were recovered from Nachi goats than DDP goats. 

This showed positive relationship between number of adult worms and FEC. Among 

haematological parameters, packed cell volume, haemoglobin, total serum proteins and 

serum albumin concentration were also different in both breeds of study goats, but minor 

differences were recorded in DDP breed as compared to Nachi goat breeds.  In the sera of 

infected goat breeds, level of total IgG and IgE was found significantly higher in DDP goats 

as compared to Nachi goats. This depicted that response of DDP breed was quick and robust 

to H. contortus infection as compared to Nachi breed. Histamine concentration was 

persistent during the course of infection and significant association was found with 

susceptibility of breeds towards H. contortus infection. Over all, higher FEC, higher No. 

of adult worm recovery along with lower production of antibodies (IgG, IgE) and low 

concentration of plasma histamine level depicted that Nachi breed is more susceptible to 

H. contortus infection as compared to DDP goats. In conclusion, three different goat breeds 

showed different response towards H. contortus infection. Ultimately, this variation in 

response will formulate the base of selective breeding of resistant goat breeds. Selected 

breeding of resistant breed (DDP) in the area will definitely enhance the economy of the 

herd owners in terms of negligible parasitic infections, cutting off treatment cost, low 

morbidity/mortality and high production. In the light of outcomes of present research, it 

can be recommended that selective breeding of parasite resistant goats should be carried 
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out at rural as well as commercial level. Selectively bred animals will be more productive 

and disease resistant. This practice will not allow the establishment of disease and 

consequently may reduce the use of anthelmintics. This will ensure availability of chemical 

free meat and milk for human consumption. Ultimately, this effort will be a way forward 

to achieve the goal of secure food for human consumption. 
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