COMPARATIVE SUSCEPTIBILITY OF DERA DIN
PANNAH AND NACHI GOAT BREEDS OF DISTRICT
MUZAFFARGARH, PAKISTAN TO GASTROINTESTINAL
PARASITES WITH SPECIAL REFERENCE TO
HAEMONCHUS CONTORTUS
BY

MUHAMMAD IMRAN
(DVM, M.Phil.)

Thesis submitted in partial fulfilment of requirements for the
degree of

DOCTOR OF PHILOSOPHY
IN
PARASITOLOGY

DEPARTMENT OF PARASITOLOGY
FACULTY OF VETERINARY SCIENCE
UNIVERSITY OF AGRICULTURE
FAISALABAD, PAKISTAN

2018

ACKNOWLEDGEMENTS
I am thankful to most Gracious, Merciful, and Almighty “ALLAH” who gave me the health,
thoughts and opportunity to complete the work. I bow my compassionate endowments to the
Holy Prophet “MUHAMMAD” (Peace Be Upon Him) who is ever, a torch of guidance and
knowledge for humanity. The work presented in this manuscript was accomplished under the
sympathetic attitude, fatherly behavior, animate directions, scholarly criticism, cheering
perspective and enlightened supervision of Prof. Dr. Muhammad Nisar Khan, Chairman,
Department of Parasitology, University of Agriculture, Faisalabad. With humble, profound and
deep sense of devotion I wish to record my sincere appreciation to Dr. Muhammad Sohail
Sajid, Associate Professor, Department of Parasitology, UAF, for his reliable comments,
dynamic supervision sincere help and inspiring guidance throughout the course of this research
work. Earnest and devout appreciation to Dr. Muhammad Saqib, Assistant Professor,
Department of Clinical Medicine and Surgery, UAF for his help and valuable suggestions
during this study. I am also thankful Dr. Muhammad Riaz, Associate Professor, Institute of
Dairy and Animal Sciences, UAF for encouragement, and directions in husbandry management
during experiment. I have no appropriate words for special thanks to Dr. Asim Shamim,
Assistant Professor, Department of Pathobiology, The University of Poonch Rawalakot, Azad
Kashmir, Rao Muhammad Siddique, Hafiz Muhammad Rizwan and Muhammad Usman
Naseer, PhD. scholars for their cooperation during my research. I am also thankful to my lab
mates who helped me during my research work. Words do not count easy to pay reverential
thanks to my affectionate parents who has always been a role model for me. They supported
me in my study and always prayed for my success. My endeavors would not be successful
without my loving wife and son; Muhammad Zaryab Imran, who have been a constant source
of support and encouragement during write up of this research work. I am also very thankful
to the Pakistan Science Foundation (PSF), Islamabad for the financial support of this study
under the project No. PSFNSLPP-AU (235) entitled “Comparative Susceptibility of Some
Indigenous Breeds of Goats to Gastrointestinal Parasitism”.
May ALLAH bless all these people with long, happy and peaceful lives (Ameen).

Muhammad Imran

DEDICATED
TO
MY BELOVED
PARENTS,
WIFE
&
SON (M. ZARYAB IMRAN)

i

LIST OF TABLES
Table
No.

Title

Page
No.

2.1

Global distribution of trichostrongylid nematode infecting the goat
population

12

2.2

Global distribution of parasite resistant goat to breeds towards natural
and artificial infection of gastrointestinal trichostrongyles

29

2.3

An overview of some parameters used for evaluation of parasite resistant
goat to breeds towards natural and artificial infection of gastrointestinal
trichostrongyles

30

3.1

Layout plan of experiment No. 2 for in-vivo evaluation of breed
resistance towards experimental infection of Haemonchus contortus in
DDP and Nachi goats

43

ii

LIST OF FIGURES
Figure
No

Title

Page
No

2.1

Photograph of Dera Din Panah Goat Breed

7

2.2

Photograph of Nachi Goat Breed

7

2.3

Haemonchus contortus life cycle with developmental stages
and site of infection.

11

3.1

Map of the district Muzaffargarh showing its neighbouring areas
of Punjab, Pakistan
Layout of experiment B showing distribution of experimental
groups along with dose rates of L3 of H. contortus for in-vivo
breed susceptibility of goats for early infection.
Layout of experiment B showing distribution of experimental
groups along with dose rates of L3 of H. contortus for in-vivo
breed susceptibility of goats for late infection.
Association of intrinsic factors with the occurrence of
gastrointestinal nematodes of goats in Muzaffargarh district,
Punjab, Pakistan
Association of extrinsic factors with the occurrence of
gastrointestinal nematodes of goats in Muzaffargarh district,
Punjab, Pakistan
Comparative prevalence of various gastrointestinal nematode
species in infected goat population of Muzaffargarh district,
Punjab, Pakistan
Association of varying seasons with the prevalence of
gastrointestinal nematode in goat population of Muzaffargarh
district, Punjab, Pakistan
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.
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.
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.
Comparison of haematological parameters (means ± S.E) in
Nachi and DDP goats infected with artificial infection of
Haemonchus contortus at different time intervals
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

32

3.2

3.3

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

iii

37

38

45

45

46

46

48

48

49

51

51

Figure
No

Title

Page
No

4.10

Comparison of FAMACHA scores in artificially infected Nachi
and DDP goat breeds.
Comparison of biochemical parameters (means ± S.E) in Nachi
and DDP goats infected with artificial infection of Haemonchus
contortus at different time intervals
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.
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
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
Comparison of immunoglobulins and histamine in Nachi and
DDP goats infected with artificial infection of Haemonchus
contortus through bolus and trickle infection protocols
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
Comparison of immunoglobulins and histamine in Nachi and
DDP goats infected with artificial infection of Haemonchus
contortus through bolus and trickle infection protocols

52

4.11

4.12

4.13

4.14

4.15

4.16

4.17

iv

54

54

55

55

57

57

58

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
v

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 60007000 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
1

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 nonchemical 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
2

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 agrogeoclimatic 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).
5

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.

6

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)
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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
8

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
9

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.

10

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)
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Table. 2.1 Global Distribution of Trichostrongylid Nematode Infecting the Goat
Population
Sr.
Country
Nematode Species
No.
1.
Bangladesh H. contortus, Trichostrongylus (T.)
axie
Oesophagostomum
(O.)
Columbianum, Strongyloides (S.)
papillosus, Trichuris (Tr.) ovis
2.
Ethiopia
H. contortus, T. colubriformis, O.
columbianum,
O.
venulosum,
Bunostomum (B.) trigonocephalum,
Chabertia (C.) ovina, Tr. ovis, S.
papillosus,
Teladorsagia
(Te.)
circumcincta
3.
Egypt
H. contortus, Tr. ovis

Prevalence
Reference
(%)
74 - 100
Islam et al., 2008
Akanda et al., 2012

4.

France

90

5.

Kashmir

6.

India

7.

Iran

8.

Italy

9.

Jammu
Kashmir

10.

Kenya

11.
12.

Malaysia
Morocco

13.

Nigeria

14.

Norway

H. contortus, T. colubriformis,
Ostertagia (Os.) ostertagi, O.
venulosum, Tr. ovis, S. papillosus
H. contortus, Trichostrongylus spp.,
Nematodirus spp., Strongyloides
spp.,
Chabertia
spp.,
Oesophagostomum spp., Trichuris
spp
H. contortus, Trichostrongylus spp.,
B.
trigonocephalum,
O.
columbianum, Tr. ovis, Tr. globulosa
H. contortus, Teladorsagia spp., T.
axei,
Parabronema (P.) skerjabini
H. contortus, Te. Circumcincta, T.
colubriformis, T.axei, Os. Ostertagi,
B. trigonocephalum, Nematodirus
(N.) abnormalis, O. venulosum, C.
ovina, Marshallagia (M.) marshalli
H. contortus, Ostertagia spp.,
Bunostomum spp., Trichostrongylus
spp., M. marshalli Tr. ovis, C. ovina
H. contortus, Trichostrongylus spp.,
Strongyloides spp.
H. contortus, Trichostrongylus spp.
H. contrtus, Te. circumcincta, T.
colubriformis Tr. ovis, N. spathiger
H. contortus, T. colubriformis, O.
columbianum, S. papilosus
Trichostrongylus spp., Teladorsagia
spp., Nematodirus spp.,
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35-100

24.44

Zeryehun et al.,
2012
Shankute et al.,
2013

Elshahawy et al.,
2014
Chartier and
Reche, 1992

83.64

Lone et al., 2012

26.6686.68

Sharma et al., 2009
Padwal et al., 2011

79.5

Garedaghi et al.,
2013

90-92

Torina et al., 2004
Cerbo et al., 2010

Mir et al., 2013
72.5-84.72
82- 90
63.1
79
13.33-75.5

Maichomo et al.,
2004
Tan et al., 2014
Lamrioui et al.,
2013
Nwosu et al., 2007
Atle et al., 2013

Sr.
Country
No.
15. Nepal
16.

Sri Lanka

17.

Sudan

18.

Turkey

19.

Zimbabwe

Nematode Species

Prevalence
Reference
(%)
H. contortus, Trichostrongylus spp., 46-90
Karki et al., 2012
Oesophagostomum spp.
H. contortus, T. columbrifrmis, T.
Rajapakse et al.,
axei, O. columbianum, Tr. ovis
71-100
2000
H. contortus, T. colubriformis, O. 99.9
Almalaik et al.,
columbianum, S. papillosus
2008
Te. Circumcincta, M. marshalli, Tr. 100
Şinasi and Umur,
Ovis
2005
H. contortus, O. columbianum C. 88-97
Pandey et al., 1994
ovina,
Tr.
ovis,
Nematodirus
spp.,
Bunoostomum spp.
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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
15

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 doseand-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
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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 (0.040.37) 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-udDin 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
27

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.
#
1.
2.
3.
4.
5.
6.

7.

8.
9.

10.

11.
12.

Name of the Goat Breed

Country

References

Savanna goats
Creole goats
Black Bengal goats

USA

Goolsby et al., 2017
Mandonnet, et al., 2001
Kumar et al., 2015
Dhara et al., 2015
McBean et al., 2016
Bishop, 2012
Al-jebory et al., 2012
Al-Seaf & khaled, 2012

Bangladesh
India
UK

Scottish Cashmere
Tropical goats
Black Iraqi
Iraq
Local Ardi and Imported Syrian Saudi
Arabia
Creole kids
Nigeria
West African Dwarf

Barbari
India
Local hill
Jamunapari
Barbari
Red Sokoto and west African Nsukka
dwarf
Crossbred cashmere
Scotland
Iceland
Tasmania
New
Zealand
Galla & Small East African
Africa
Caninde, Bhuj and Anglo- Kenya
Nubian
Fijin goat breed
Fiji
Thai native, Anglo-Nubian
Thailand
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Chevrotièrea et al., 2012
Chiejina et al., 2010
Behnke et al., 2006
Fakae et al., 2004
Chauhan et al.,2011
Rout et al., 2011
Mandal and Sharma, 2008
Kumari, 2008
Onyenwe et al, 2005
Vagenas et al., 2002

Baker et al., 2001
Costa, 2000
Baker et al., 1998
Woolaston et al., 1991
Pralomkarn et al., 1997

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. Parameters
No.
1.
Faecal egg count

2.

Packed cell volume

3.

Live weight

4.

Total serum protein

5.

Serum albumin

6.

Post necropsy worm count

7.

Haemoglobin

8.

Eosinophil count

9.

FAMACHA score

10.

Immunoglobulins

References
Shamim et al., 2016
Coutinho et al., 2015
Baber et al., 2015
Fakae et al.,2004
Vagenas et al., 2002
Baker et al., 2001
Shamim et al., 2016
Coutinho et al., 2015
Baber et al., 2015
Fakae et al., 2004
Baker et al., 2001
Shamim et al., 2016
Coutinho et al., 2015
Fakae et al., 2004
Baker et al., 2001
Pralomkarn et al., 1997
Shamim et al., 2016
Coutinho et al., 2015
Shamim et al., 2016
Pralomkarn et al., 1997
Shamim et al., 2016
Fakae et al., 2004
Pralomkarn et al., 1997
Kanojiya et al., 2016
Ahmad et al., 2015
Pralomkarn et al., 1997
Altaif and Dargie, 1978
Coutinho et al., 2015
Hurtado et al., 2010
Bambou et al., 2008
Fakae et al., 2004
Shamim et al., 2016
Baber et al., 2015
Hurtado et al., 2010
Burke and Miller, 2008
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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Early infection (n=24)

Bolus infection
D1 & N1

Trickle infection
D2 & N2

18000 L3
(Day 0)

6000 L3
(Day 0)

Control
D3 & N3

2000 L3
(Day 1)
2000 L3
(Day 2)
2000 L3
(Day 3)

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.
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Late Infection (n=24)

Bolus infection
D4 & N4

Trickle infection
D5 & N5

1st Week
12000 L3
(Day 0)
6000 L3
(Day 7)

Control
D6 & N6

2nd Week

6000 L3
(Day 0)

2000 L3
(Day 1)

2000 L3
(Day 1)

2000 L3
(Day 2)

2000 L3
(Day 2)

2000 L3
(Day 3)

2000 L3
(Day 3)

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 =
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Worm Burden
× 100
Challange Dose

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.
1

WEEKS

ACTIVITY

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).

47

Breeds × FEC = P < 0.05
Weeks × FEC = P < 0.05

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.

Breeds × FEC = P < 0.05

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.
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Breeds × Infection Establishment rate = P < 0.05

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.
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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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Breeds × PCV, Hb, Eos = P < 0.05

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.
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Card No1.
Mean Comparative Score

1
DDP

2
DDP

3
Nachi

4

5

Card No 2.
Mean overall score of
DDP goats

1
W2

2
W4,6,8

3

4

5

Card No 3.
Mean overall score of
Nachi goats

1
W2

2

3
W 4,6,8

4

5

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.
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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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a

a

a

b

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.
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Infected × Control= P < 0.05

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
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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.

56

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
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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).
59

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, nonsignificant 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
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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.

71

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.

74

LITRATURE CITED
Abunna, F., B. Kumsa, B. Megersa, A. Regassa and E. Debela. 2009. Abomasal nematodes
prevalence in small ruminants slaughtered at Bishooftu town, Ethiopia. J. Vet. Med.
7: 1-6.
Aceves, J., D. Erlij and R. Martinez-Maranon, 1970. The mechanism of the paralysing
action of tetramisole on Ascaris somatic muscle. Br J Pharmacol, 38: 602-607.
Adams, D.B. 1993. Systemic responses to challenge infection with Haemonchus contortus
in immune merino sheep. Vet. Res. Com. 17: 25–35.
Afzal, M and A.N. Naqvi. 2003. Livestock Resources of Pakistan: Present Status and
Future Trends. Quarterly science vision. 9: 1-14.
Ahmed, A.M., S.R. Sebastiano, T. Sweeney, J.P. Hanrahan, A. Glynn, O.M. Keane, A.
Mukhopadhya, K. Thornton and B. Good. 2015. Breed differences in humoral and
cellular responses of lambs to experimental infection with the gastrointestinal
nematode Teladorsagia circumcincta. Vet. Res. 46: 8.
Akanda, M.R., F.M.A. Hossain, M.N. Uddin, S.A. Belal, F.A. Ashad and M.M.R.
Howlader. 2012. Prevalence of gastro-intestinal nematodiasis in Black Bengal goat
of Sylhet Govt. Goat Development Farm, Ban. J. Res. Biol. 3: 246-250.
Akhter, N., A.G. Arijo, M.S. Phulan, Z. Iqbal and K.B. Mirbahar. 2011. Prevalence of
gastrointestinal nematodes in goats in Hyderabad and adjoining areas. Pak. Vet. J.
31: 287-290.
Al-jebory, E.Z and D.A. Al-Khayat. 2012. Effect of Haemonchus contortus Infection on
Physiological and Immunological Characters in Local Awassi Sheep and Black
Iraqi Goats. J. Advan. Biomed. Pathobiol. Res. 2: 71-80.
Almalaik A.H.A., A.E. Bashar and A.D. Abakar, 2008. Prevalence and Dnymanics of some
Gastrointestinal parasites of sheep and Goats in Tulus Area Based on post-mortem
examination. Asian J Anim Vet Adv, 3: 390-399.
Al-Seaf, A.M and B.A.L.H. Khaled. 2012. Variability of disease resistance, hematological
parameters and lymphocyte proliferation in two goat breeds and their f1 and f2
crosses. Int. J. food. Agr. Vet. Sci. 2: 47-53.
Altaif K.I. and J.D. Dargie. 1978. Genetic resistance to helminths. The influence of breed
and haemoglobin type on the response of sheep to primary infection with
Haemonchus contortus. Parasitol. 77: 161–175.
75

Amarante, A.F., P.A. Bricarello, J.F. Huntley, L.P. Mazzolin and J.C. Gomes. 2005.
Relationship of abomasal histology and parasite-specific immunoglobulin A with
the resistance to Haemonchus contortus infection in three breeds of sheep. Vet.
Parasitol. 128: 99-107.
Amarante, A.F., T.M. Craig, W.S. Ramsey, S.K. Davis and F.W. Bazer. 1999. Nematode
burdens and cellular responses in the abomasal mucosa and blood of Florida Native,
Rambouillet and crossbreed lambs. Vet. Parasitol. 80: 311-324.
Andronicos N, P. Hunt and R. Windon. 2010. Expression of genes in gastrointestinal and
lymphatic tissues during parasite infection in sheep genetically resistant or
susceptible to Trichostrongylus colubriformis and Haemonchus contortus. Intl. J.
Parasitol. 40: 417-429.
Anonymous, 2011. Pakistan Livestock Census 2010-11. Agricultural Census Organization,
Statistics Division, Government of Pakistan, Lahore.
Anonymous, 2016. Pakistan Economic Survey 2016-17. Economic Advisor’s Wing,
Finance Division, Government of Pakistan, Islamabad.
Aubry, M.L., P. Cowell, M.J. Davey and S. Shevde, 1970. Aspects of the pharmacology
of a new anthelmintic: pyrantel. Br J Pharmacol, 38: 332-344.
Ayaz M.M., M.A. Raza, S. Murtaza and S. Akhtar, 2013. Epidemiological survey of
helminths of goats in southern Punjab, Pakistan. Trop. Biomed. 30: 62-71.
Aziz, M. A., 2010. Present status of the world goat populations and their productivity.
World, 861: 1.
Babar, M.E., M. Nawaz, A. Nasim, M. Abdullah, M. Imran, R. Jabeen, S.A. Chatha, A.U.
Haq, A. Nawaz, H. Mustafa, and A. Nadeem, 2008. Prion protein genotypes in
Pakistani goats. Asian-Aust J Anim Sci, 21: 936-940.
Baber, M.E., H. Tanveer, S.A. Muhammad, A. Akhtar, A. Kamran and M.A. Muhammad.
2015. Evaluation of Pakistani goat breeds for genetic resistance to Haemonchus
contortus. Acta. Vet. Brno. 84: 231–235.
Baker, R.L. 1998. A review of genetic resistance to gastrointestinal nematode parasites of
sheep and goats in the tropics and evidence for resistance in some sheep and goat
breeds in sub-humid coastal Kenya. Anim. Genet. Resource Inform. 24: 259–268.
Baker, R.l. J.O. Audho, E.O. Audho and W. Thorpe. 2001. Genetic resistance to
gastrointestinal nematode parasites in Galla and Small East African goats in the
sub-humid tropics. Anim. Sci. 73: 61–70.

76

Baker, R.L., D.M. Mwamachi, J.O. Audho, E.O. Aduda and W. Thorpe. 1998. Resistance
of Galla and Small East African goats in the sub-humid tropics to gastrointestinal
nematode infections and the peri-parturient rise in faecal egg counts. Vet. Parasitol.
79: 53-64.
Balic, A., C.P. Cunningham, and E.N. Meeusen. 2006. Eosinophil interactions with
Haemonchus contortus larvae in the ovine gastrointestinal tract. Parasit. Immunol.
28: 107-115.
Balic, A., V.M. Bowles, E.N. Meeusen. 2002. Mechanisms of immunity to Haemonchus
contortus infection in sheep. Parasite. Immunol. 24: 39-46.
Bambou J.C., C.D.L. Chevrotiere, H. Varo, R. Arquet, F.N.J. Kooyman and N. Mandonnet.
2008. Serum antibody responses in Creole kids experimentally infected with
Haemonchus contortus. Vet. Parasitol. 158: 311–318.
Bambou, J.C., T. Larcher, W. Ceï, P.J. Dumoulin and N. Mandonnet. 2013. Effect of
experimental infection with Haemonchus contortus on Parasitological and local
cellular responses in resistant and susceptible young Creole goats. Bio.Med. Res.
Int. 3: 1-9.
Banks DJD, R Singh, IA Barger, B Pratap, LF Jambre, 1990. Development and survival of
infective larvae of Haemonchus contortus and Trichstrongylus colubriformis in a
tropical environment. Int J Parasitol, 20: 155-160.
Banos, G., M. Winters, R. Mrode, A.P. Mitchell, S.C. Bishop, J.A. Woolliams, and M.P.
Coffey, 2017. Genetic evaluation for bovine tuberculosis resistance in dairy cattle.
J Dairy Sci, 100: 1272-1281.
Barger, I.A. 1999. The role of epidemiological knowledge and grazing management for
helminth control in small ruminants. Int. J. Parasitol. 29: 41-47.
Barger, I.A., 1993. Control of gastrointestinal nematodes in Australia in the 21st century.
Vet. Parasitol, 26: 23-32.
Baudena, M.A., M.R. Chapman, M. Larsen, and T.R. Klei. 2000. Efficacy of the
nematophagous fungus Duddingtonia flagrans in reducing equine cyathostome
larvae on pasture in south Louisiana. Vet. Parasitol. 89: 219-230
Beh K.J., D.J. Hulme, M.J. Callaghan, Z. Leish, I. Lenane, R.G. Windon, J.F. Maddox,
2002. A genome scan for quantitative trait loci affecting resistance to
Trichostrongylus colubriformis in sheep. Anim. Genet. 33: 97–106.

77

Beh, K.J. and J.F. Maddox. 1996. Prospects for development of genetic markers for
resistance to gastrointestinal parasite infection in sheep. Int. J. Parasitol. 26: 879897.
Behnke, J.M., F. Iraqi, D. Menge, R.L. Baker, J. Gibson and D. Wakelin. 2003. Chasing
the genes that control resistance to gastrointestinal nematodes. Helminthol. 77: 99–
109.
Behnke, J.M., S.N. Chiejina, G.A. Musongong, B.B. Fakae, R.C. Ezeokonkwo, P.A. Nnadi,
L.A. Ngongeh, E.N. Jean and D. Wakelin. 2006. Naturally occurring variability in
some phenotypic markers and correlates of haemoncho tolerance in West African
Dwarf goats in a subhumid zone of Nigeria. Vet. Parasitol. 141: 107–121.
Benjamin, M.M. 1978. Outline of Veterinary Clinical Pathology, 3rd Edition, The Iowa
State Univ. Press, Ames, Iowa, USA, P: 7-8, 29-30.
Bennema, S.C., J. Vercruysse, E. Morgan, K. Stafford, J. Höglund, J. Demeler, G. von
Samson-Himmelstjerna and J. Charlier. 2010. Epidemiology and risk factors for
exposure to gastrointestinal nematodes in dairy herds in northwestern Europe. Vet.
Parasitol. 173: 247-254.
Bhutto, M.A., M.A. Khan and G. Ahmad. 1993. Livestock breeds of Pakistan. Livestock
Division, Government of Pakistan, Islamabad.
Bilbo, S.D and R.J. Nelson. 2001. Sex steroids hormones enhance immune functions in
male and female hamsters. Amer. J. Physiol. Regul. Integr. Comp. Physiol. 280:
207-213.
Bishop, S.C and C.A. Morris. 2007. Genetics of disease resistance in sheep and goats.
Small. Rum. Res. 70: 48-59.
Bishop, S.C. and J.A. Woolliams. 2014. Genomics and disease resistance studies in
livestock. Livest. Sci. 166: 190-198.
Bishop, S.C., 2012. Possibilities to breed for resistance to nematode parasite infections in
small ruminants in tropical production systems. Anim. 6: 741-747.
Bishop, S.C., K. Bairden, Q.A. McKellar and M.J. Stear. 1996. Genetic parameters for
faecal egg count following mixed, natural predominantly Ostertagia circumcincta
infection and relationships with live weight in young lambs. Anim. Sci. 63: 423428.
Bisset S.A., A. Vlassoff, C.J. West and L. Morrison. 1997. Epidemiology of nematodosis
in Romney lambs selectively bred for resistance or susceptibility to nematode
infection. Vet. Parasitol. 70: 255-269.
78

Bisset, S.A, A. Vlassoff, P.G. Douch, W.E. Jonas, C.J. West and R.S. Green. 1996.
Nematode burdens and immunological responses following natural challenge in
Romney lambs selectively bred for high and low faecal worm egg count. Vet.
Parasitol. 61: 249-263.
Bisset, S.A., C.A. Morris, J.C. McEwan and A. Vlassoff. 2001. Breeding sheep in New
Zealand that are less reliant on anthelmintics to maintain health and productivity.
New Zealand. Vet. J. 49: 236–246.
Bolormaa, S., J.H.J. Van Der Werf, S.W. Walkden‐Brown, K. Marshall and A. Ruvinsky.
2010. A quantitative trait locus for faecal worm egg and blood eosinophil counts on
chromosome 23 in Australian goats. J Anim Breed Genet. 127: 207-214.
Bordoloi, G., R. Jas and J.D. Ghosh. 2012. Changes in the haemato-biochemical pattern
due to experimentally induced haemonchosis in Sahabadi sheep. J. Parasit. Dis. 36:
101-105.
Bottjer, K.P., P.H. Klesius and L.W. Bone. 1985. Effects of host serum on feeding by
Trichostrongylus colubriformis (Nematoda). Parasite Immunol. 7: 1-7.
Bourne, H.R., L.M. Lichtenstein, K.L. Melmon, C.S., Henney, Y. Weinstein and G.M.
Shearer. 1974. Modulation of inflammation and immunity by cyclic AMP. Science.
184: 19-28.
Bowdridge, S. A., K.M. MacKinnon, J.C. McCann, A.M. Zajac and D.R. Notter. 2008.
Humoral immune response to nematode parasite infection is accelerated and longerlived in hair-type sheep. In: 53rd AAVP Annual meeting, New Orleans, LA.
Bricarello, P.A., A.F. Amarante, R.A. Rocha, S.L. Cabral Filho, J.F. Huntley, J.G. Houdijk,
A.L. Abdalla, S.M. Gennari. 2005. Influence of dietary protein supply on resistance
to experimental infections with Haemonchus contortus in Ile de France and Santa
Ines lambs. Vet. Parasitol. 134: 99-109.
Bricarello, P.A., L.G. Zaros, L.L. Coutinho, R.A. Rocha, F.N.J. Kooyman, E. De Vries,
J.R.S. Goncalves, L.G. Lima, A.V. Pires and A.F.T. Amarante. 2007. Field study
on nematode resistance in Nelore-breed cattle. Vet. Parasitol. 48: 272–278.
Bricarello, P.A., S.M. Gennarib, T.C.G. Oliveira-Sequeirac, C.M.S.L. Vazd, I. Gonçalves
de Gonçalvesa and F.A.M. Echevarriad. 2004. Worm burden and immunological
responses in Corriedale and Crioula Lanada sheep following natural infection with
Haemonchus contortus Small Rum. Res. 51: 75-83.

79

Brogna, D.M.R., R. Tansawat, D. Cornforth, R. Ward, M. Bella, G. Luciano, A. Priolo and
J. Villalba. 2014. The quality of meat from sheep treated with tannin-and saponinbased remedies as a natural strategy for parasite control. Meat sci. 96: 744-749.
Bryce, P.J., C.B. Mathias, K.L. Harrison, T. Watanabe and R.S. 2006. The H1 histamine
receptor regulates allergic lung responses. J. Clin. Invest. 116: 1624–1632.
Burke, J.M and J.E. Miller. 2008. Use of FAMACHA system to evaluate gastrointestinal
nematode resistance/resilience in offspring of stud rams. Vet. Parasitol. 153: 85-92.
Burke, J.M., J.E. Miller, M. Larsen and T.H. Terrill. 2005. Interaction between copper
oxide wire particles and Duddingtonia flagrans in lambs. Vet. Parasitol. 134: 141146.
Byaruhanga, C. and J. Okwee-Acai. 2013. Efficacy of albendazole, levamisole and
ivermectin against gastro-intestinal nematodes in naturally infected goats at the
National Semi-arid Resources Research Institute, Serere, Uganda. Vet. Parasitol.
195:183-186.
Cabaret, J., N. Gasnier and P. Jacquiet. 1998. Faecal egg counts are representative of
digestive tract strongyle worm burdens in sheep and goats. Parasitology. 5: 137-42.
Chandrawathani, P., O. Jamnah, P.J. Waller, J. Hoglund, M. Larsen, W.M. Zahari. 2002.
Nematophagous fungi as a biological control agent for nematode parasites of small
ruminants in Malaysia: a special emphasis on Duddingtonia flagrans. Vet. Res. 33:
685-696.
Charon, K.M. 2004. Genes controlling resistance to gastrointestinal nematodes in
ruminants. In: Gene polymorphisms affecting health and production traits in farm
animals. Jastrzebiec. Poland. 23: 135-139.
Chartier, C. and B. Reche. 1992. Gastro-intestinal helminths and lungworms of french
dairy-goats: prevalence and geographical distribution in Poitou-Charentes. Vet.
Res. Commun. 16: 327-335.
Chartier, C. and I. Pors. 2003. Effect of the nematophagous fungus, Duddingtonia flagrans,
on the larval development of goat parasitic nematodes: a plot study. Vet. Res. 34:
221-30.
Chartier, C., F. Soubirac, I. Pors, A. Silvestre, J. Hubert, C. Couquet and J. Cabaret. 2001.
Prevalence of anthelmintic resistance in gastrointestinal nematodes of dairy goats
under extensive management conditions in southwestern France. J. Helminthol. 75:
325-30.

80

Chaudhary, F.R., M.F.U. Khan and M. Qayyum. 2007. Prevalence of Haemonchus
contortus in naturally infected small ruminants grazing in the Potohar area of
Pakistan. Pak. Vet. J. 27: 73-79.
Chauhan, K.K., P.K. Rout, G. Das, S.K. Singh, S.N. Shukla and R. Roy. 2011.
Susceptibility to natural gastro-intestinal nematode infection during different
physiological stages in goat and sheep in the semi-arid tropics. Int. J. Livestock
Prod. 2: 166-171.
Chauhan, K.K., P.K. Rout, P.K. Singh, A. Mandal, H.N. Singh, R. Roy and S.K. Singh.
2003. Susceptibility to natural gastro-intestinal nematode infection in different
physiological stages in Jamunapari and Barbari goats in the semi-arid tropics. Small
Rum. Res. 50: 219-223.
Chevrotièrea, C.D.E.L.A., J.C. Bamboua, R. Arquetb, P. Jacquietc and N. Mandonneta.
2012. Genetic analysis of the potential role of IgA and IgE responses against
Haemonchus contortus in parasite resistance of Creole goats. Vet Parasitol. 186:
337-343.
Chiejina, S.N and J.M. Behnke. 2011. The unique resistance and resilience of the Nigerian
West African Dwarf goat to gastrointestinal nematode infections. Parasitol. Vec. 4:
1-10.
Chiejina, S.N. 1986. The epizootiology and control of parasitic gastroenteritis of
domesticated ruminants in Nigeria. Helminthol. 55: 413–429.
Chiejina, S.N. 1987. Some parasitic diseases of intensively managed West African Dwarf
sheep and goats in Nsukka. Br. Vet J. 143: 264-272.
Chiejina, S.N. 2001. The epidemiology of helminth infections of domesticated animals in
the tropics with emphasis on fasciolosis and parasitic gastroenteritis. In
Perspectives on Helminthology. Edited by: N. Chowdhury and I. Tada. Science
Publishers Inc. Plymouth, UK. 41-87.
Chiejina, S.N. and J.M. Behnke. 2011. The unique resistance and resilience of the Nigerian
West African Dwarf goat to gastrointestinal nematode infections. Parasit. Vec. 4:
12-20.
Chiejina, S.N., B.B. Fakae, B.B.O. Behnke, P.A. Nnadi, G.A. Musongoag and D. Wakelin.
2002. Expression of acquired immunity to local isolate of Haemonchus contortus
by the Nigeria West African Dwarf goats. Vet. Parasitol. 2271: 1-14
Chiejina, S.N., G.A. Musongong, B.B. Fakae, J.M. Behnke, L.A. Ngongeh and D. Wakelin.
2005. The modulatory influence of Trypanosoma brucei on challenge infection with
81

Haemonchus contortus in Nigerian West African Dwarf goats segregated into weak
and strong responders to the nematode. Vet. Parasitol. 128: 29-40.
Chiejinaa, S.N., J.M. Behnke, G.A. Musongong, P.A. Nnadia and L.A.N. gongeha. 2010.
Resistance and resilience of West African Dwarf goats of the Nigerian savanna zone
exposed to experimental escalating primary and challenge infections with
Haemonchus contortus. Vet. Parasitol. 171: 81–90.
Cockett, N., S.C. Bishop, G. Davies, T. Hadfield, S. Eng and J. Miller. 2005. Use of QTL
to Determine Parasite Resistance in Sheep. Ann. Meet. Am. Soc. Anim. Sci.
Cincinnati, Ohio, USA.
Coffey, L., M. Hale, T. Terrill, J. Mosjidis, J. Miller and J. Burke. 2007. Tools for managing
internal parasites in small ruminants: Sericea Lespedeza. ATTRA.
Coles GC and RT Roush, 1992. Slowing the spread of anthelmintic resistant nematodes of
sheep and goats in the UK. Vet Res, 130: 505-510.
Coltman, D.W., K. Wilson, J.G. Pilkington, M.J. Stear, and J.M. Pemberton. 2001. A
microsatellite polymorphism in the gamma interferon gene is associated with
resistance to gastrointestinal nematodes in a naturally-parasitized population of
Soay sheep. Parasitology. 122: 571-582.
Costa, C.A., L.A. Vieira, M.E. Berne, M.U. Silva, A.L. Guidoni and E.A. Figueiredo. 2000.
Variability of resistance in goats infected with Haemonchus contortus in Brazil.
Vet. Parasitol. 88: 153-158.
Coutinhoa, R.M.A., C.L. Benvenutib, A.L. Freire de Andrade Júniora, F.C. Silvaa, M.R.M.
Nevesb, A.M. do Carmo Navarrob, L. da Silva Vieirac and L.G. Zarosaaufrn. 2015.
Phenotypic markers to characterize F2 crossbreed goatsinfected by gastrointestinal
nematodes. Small Rumi. Res. 123: 173–178.
Cully, D.F., D.K. Vassilatis, K.K. Liu, P.S. Paress, L.H. Van der Ploeg, J.M. Schaeffer
and J.P. Arena, 1994. Cloning of an avermectin-sensitive glutamate-gated
chloride channel from Caenorhabditis elegans. Nature. 371: 707-711.
Dagnachew, S., A. Amamute, and W. Temegen. 2011. Epidemiology of gastrointestinal
helminthiasis of small ruminants in selected sites of North Gondar zone, Northwest
Ethiopia. Ethiopian Vet. J. 15: 57-68.
Dargie, D.J and E.W. Allonby. 1975. Pathphysiology of single and challenge infections of
Haemonchus contortus in Merino sheep: studies on red cell kinetics and the selfcure phenomenon. Int. J. Parasitol. 5: 147–157.

82

Davies G., M.J. Stear, M. Benothman, O. Abuagob, A. Kerr, S. Mitchell and S.C. Bishop.
2006. Quantitative trait loci associated with parasitic infection in Scottish blackface
sheep. Heredity. 96: 252–258.
Davies, G., M.J. Stear and S.C. Bishop, 2005. Genetic relationship between indicator traits
and nematode parasite infection levels in 6-month old lambs. Anim. Sci. 80: 143150.
Dawkins, H.J.S., R.G. Windon, G.K. Eagleston. 1989. Eosinophil responses in sheep
selected for high and low responsiveness to Trichostrongylus colubriformis. Int. J.
Parasitol. 19: 199–205.
De La Chevrotière, C., C. Moreno, P. Jaquiet and N. Mandonnet. 2011. La sélection
génétique pour la maîtrise des strongyloses gastro-intestinales des petits ruminants.
Produc. Anim. 24: 221-227.
De La Chevrotière, C., S. Bishop, R. Arquet, J.C. Bambou, L. Schibler, Y. Amigues, C.
Moreno and N. Mandonnet. 2012. Detection of quantitative trait loci for resistance
to gastrointestinal nematode infections in Creole goats. AniM. Genet. 43: 768-775.
Dekkers, J.C., 2004. Commercial application of marker-and gene-assisted selection in
livestock: Strategies and lessons. J. Anim. Sci. 82: 313-328.
Dhara, K.C., N. Ray, C. Lodh, P.K. Bandopadhyay and A. Goswami. 2015. Frequency of
gastrointestinal parasites and egg per gram faeces count of nematodes in Black
Bengal goat under field condition in West Bengal, India. Intl. J. Vet. Sci. Res. 1: 511.
Dobson, R.J., P.J. Waller and A.D. Donald, 1990. Population dynamics of Trichostrongylus
colubriformis in sheep: the effect of infection rate on the establishment of infective
larvae and parasite fecundity. Intl. J. Parasitol., 20: 347-352.
Doeschl-Wilson, A.B. and I. Kyriazakis. 2012. Should we aim for genetic improvement in
host resistance or tolerance to infectious pathogens?. Front. genet. 3: 272.
Dominik, S. 2005. Quantitative trait loci for internal nematode resistance in sheep, a
review. Gen. Sel. Evol. 37: 83-96.
Domke, A.V., C. Chartier, B. Gjerde, N. Leine, S. Vatn and S. Stuen. 2013. Prevalence of
gastrointestinal helminths, lungworms and liver fluke in sheep and goats in Norway.
Vet. Parasitol. 194: 40-48.
Dunphy J.L., G.J. Barcham, R.J. Bischof, A. Nash, A.R. Young, E.N.T. Meeusen, 2002.
Isolation and characterization of a novel eosinophil-specific galectin released into
lung fluid in response to allergen-challenge. J. Biol. Chem. 277: 14916-14924.
83

Eady, S.J., R.R. Woolaston, R.P. Lewer, H.W. Raadsma, A.A. Swan and R.W. Ponzoni.
1998. Resistance to nematode parasites in Merino sheep: correlation with
production traits. Aus. J. Agric. Res. 49: 1201-1211.
Echevarria, F., M.F.S. Borba, A.C. Pinheiro, P.J. Waller and J.W. Hansen. 1996. The
prevalence of anthelmintic resistance in nematode parasites of sheep in Southern
Latin America: Brazil. Vet. Parasitol. 62:199-206.
Eddi, C., J. Caracostantogolo, M. Pefia, J. Schapiro, L. Marangunich, P.J. Wailer and J.W.
Hansen. 1996. The prevalence of antheimintic resistance in nematode parasites of
sheep in Southern Latin America: Argentina. Vet. Parasitol. 62:189-197.
Elshahawy, I.S., A.M. Metwally, D.A. Ibrahim. 2014. An Abattoir-Based Study on
Helminthes of Slaughtered goats (Capra hircus L., 1758) in Upper Egypt, Egypt.
Helminthologia. 51: 67-72.
Ensminger, M.E. and R.O. Parker, 1986. Sheep & goat science. The Interstate Printers &
Publishers, Inc.
Fakae, B.B., G.A. Musongong, S.N. Chiejina, J.M. Behnke, L.A. Ngongeha and D.
Wakelin. 2004. Variability in the resistance of the Nigerian West African Dwarf
goat to abbreviated escalating trickle and challenge infections with Haemonchus
contortus. Vet. Parasitol. 122: 51-65.
Falconer, D.S. and T.F.C. Mackay. 1996. Introduction to quantitative genetics, 4th Ed.
Longman Group, Essex, U.K.
FAO. 2011. World Livestock 2011 – Livestock in food security. Rome, FAO.
Farooq, Z., S. Mushtaq, Z. Iqbal and S. Akhtar. 2012. Parasitic helminths of domesticated
and wild ruminants in Cholistan desert of Pakistan. Int. J. Agric. Biol. 14: 63-68.
Fernandez, A.S., M. Larsen, E. Henningsen, P. Nansen, J. Gronvold, H. Bjorn and J.
Wolstrup. 1999. Effect of Duddingtonia flagrans against Ostertagia ostertagi in
cattle grazing at different stocking rates. Parasitology. 105-111.
Fincher, G., 1973. Dung Beetles as Biological Control Agents for Gastrointestinal Parasites
of Livestock. J Parasitol 59. 396-9. 10.2307/3278842.
Finkelman, F.D., I.M. Katona, T.R. Mosmann and R.L. Coffman, 1988. IFN-gamma
regulates the isotypes of Ig secreted during in vivo humoral immune responses. J.
Immunol. 140:1022-1027.
Friedhoff, L.R., E. Ehrlich-Kautzy, D.A. Mayers, A.A. Ansari, W.B. Bias and D.G. Marsh.
1988. Association of HLA-DR3 with human immune response to Lol p I and Lol p
H allergens in allergic subjects. Tissue Antigens. 31: 211-219.
84

Gaba, S., J. Cabaret, C. Sauve, J. Cortet and A. Silvestre. 2010. Experimental and modeling
approaches to evaluate different aspects of the efficacy of Targeted Selective
Treatment of anthelmintics against sheep parasite nematodes. Vet. Parasitol. 171:
254-262.
Garedaghi, Y. and Bahavarnia, S.R. 2013. Prevalence and Species Composition of
Abomasal Nematodes in Sheep and Goats Slaughtered at Tabriz Town, Iranian J.
Anim. Sci. Adv. 3: 37-41.
Garedaghi. Y., H. Hashemzadefarhang and A. Esmaeli. 2013. Study on the Prevalence and
Species Composition of Abomasal Nematodes in Small Ruminants Slaughtered at
Behshahr Town, Iran. J. Vet. Adv. 3: 55-59.
Gasser, R.B., N.J. Bott, N.B. Chilton, P.R. Hunt and I. Beveridge. 2008. Towards practical
DNA-based diagnostic methods for parasitic nematodes of livestock – bionomic
and biotechnological implications. Biotech. Adv. 26: 325-34.
Gauly, M and G. Erhar. 2001. Genetic resistance to gastrointestinal nematode parasites in
Rhön sheep following natural infection. Vet. Parasitol. 102: 253-259.
Gauly, M. and G. Erhardt. 2002. Changes in faecal Trichostrongyle egg count and
haematocrit in naturally infected Rhon sheep over two grazing periods and
associations with biochemical polymorphisms. Small Rum. Res. 44: 103-108.
Gauly, M., M. Kraus, L. Vervelde, M.A.W. van Leeuwen and G. Erhardt. 2002. Estimating
genetic differences in natural resistance in Rhon and Merinoland sheep following
expreimental Haemonchus contortus infection. Vet. Parasitol. 106: 55-67.
Geczy, A.F and T.L.W. Rothwell, 1981. Genes within the major histocompatibility
complex of the guinea pig influence susceptibility to Trichostrongylus
colubriformis infection. Parasitol. 82: 281-286.
Gill, H.S., G.D. Gray, A.A. Watson and A.J. Husband. 1993. Isotype-specific antibody
responses to Haemonchus contortus in genetically resistant sheep. Parasit.
Immunol. 15: 61-67.
Gill, H.S., K. Altmann, M.L. Cross and A.J. Husband. 2000. Induction of T helper 1- and
T helper 2-type immune responses during Haemonchus contortus infection in
sheep. Immunol. 99: 458-463.
Githiori, J.B., J. Höglund, P.J. Waller and R.L. Baker, 2004. Evaluation of anthelmintic
properties of some plants used as livestock dewormers against Haemonchus
contortus infections in sheep. Parasitol. 129: 245-253.

85

Goddard, M. E. and B.J. Hayes, 2009. Mapping genes for complex traits in domestic
animals and their use in breeding programmes. Nature. Rev. Genet. 10: 381.
Gomez-Munoz, M.T., M. Cuquerella, L.A. Gomez-Iglesias, S. Mendez, F.J. FernandezPerez, C. de la Fuente and J.M. Alunda. 1999. Serum antibody response of
Castellana sheep to Haemonchus contortus infection and challenge: relationship to
abomasal worm burdens. Vet. Parasitol. 81: 281-293.
Gonzalez, J.F., A. Hernandez, J.M. Molina, A. Fernandez, H.W. Raadsma, E.N.T. Meeusen
and D. Piedrafita. 2008. Comparative experimental Haemonchus contortus
infection in two sheep breeds native to the Canary Islands. Vet. Parasitol. 153: 374378.
Good, B., J.P. Hanrahan, B.A. Crowley and G. Mulcahy. 2006. Texel sheep are more
resistant to natural nematode challenge than Suffolk sheep based on faecal egg
count and nematode burden. Vet. Parasitol. 136: 317–327.
Goolsby, M.K., M.L. Leite-Browning and R. Browning, 2017. Evaluation of parasite
resistance to commonly used commercial anthelmintics in meat goats on humid
subtropical pasture. Small Ruminant Res. 146: 37-40.
Gopal, R.M., W.E. Pomroy and D.M. West. 1999. Resistance of field isolates of
Trichostrongylus colubriformis and Ostertagia circumcincta to ivermectin. Int. J.
Parasitol. 29: 781-786.
Gray, G.D. 1991. Breeding for resistance to Trichostrongyle nematodes in sheep. In: Owen
J.B. and P.F.E. Axford (ed.), Breeding for Disease Resistance in Farm Animals.
CAB (Commonwealth Agricultural Bureaux) Int. Wallingford. U.K. 139-161.
Gronvold, J., S.A. Henriksen, M. Larsen, P. Nansen and J. Wolstrup. 1996. Biological
control. Aspects of biological control with special reference to arthropodes,
protozoans and helminths of domesticated animals. Vet. Parasitol. 64: 47-64.
Gruner, J., C. Cortet, C. Sauvé and H. Hoste. 2004. Regulation of Teladorsagia
circumcincta and Trichostrongylus colubriformis worm populations by grazing
sheep with differing resistance status. Vet. Res. 35: 91–101.
Gruner, L., G. Aumont, T. Getachew, J.C. Brunel , C. Pery , Y. Cognié and Y. Guérin.
2003. Experimental infection of Black Belly and INRA 401 straight and crossbred
sheep with trichostrongyle nematode parasites. Vet. Parasitol. 116: 239–249.
Gruner, L., J. Cortet, C. Sauve, C. Limouzin and J.C. Brunel, 2002. Evolution of nematode
community in grazing sheep selected for resistance and susceptibility to

86

Teladorsagia circumcincta and Trichostrongylus colubriformis: a 4-year
experiment. Vet. Parasitol. 109: 277-291.
Gruner, L., J. Cortet, C. Sauve, C. Limouzin and J.C. Brunel. 2002. Evolution of a
nematode community in grazing sheep selected for resistance and susceptibility to
Teladorsagia circumcincta and Trichostrongylus colubriformis: a 4-year
experiment. Vet. Parasitol. 109: 277–291.
Gunia, M., F.Phocas, J.L. Gourdine, P. Bijma & N. Mandonnet, (2013). Simulated
selection responses for breeding programs including resistance and resilience to
parasites in Creole goats. J. Anim. Sci. 91: 572-581.
Haenlein, G.FW .2004. Goat milk in human nutrition. Small Rum. Res. 51: 155-163.
Haile, A., S. Tembely, D.O. Anindo, E. Mukasa-Mugerwa, J.E.O. Rege, R.L. Alemuyami
and R.L. Baker. 2002. Effects of breed and dietary protein supplementation on the
responses to gastroinetstinal nematode infections in Ethiopian sheep. Small Rum.
Res. 44: 247–261.
Harrison, G.B., H.D. Pulford, T.K. Gatehouse, R.J. Shaw, A. Pfeffer and C.B. Shoemaker.
1999. Studies on the role of mucus and mucosal hypersensitivity reactions during
rejection of Trichostrongylus colubriformis from the intestine of immune sheep
using an experimental challenge model. Int. J. Parasitol. 29: 459–468.
Harrison, G.B.L., H.D. Pulford, W.R. Hein, T.K. Barber, R.J. Shaw, M.M. McNeill, S.J.
Wakefield, and C.B. Shoemaker. 2003. Immune rejection of Trichostrongylus
colubriformis in sheep; a possible role for intestinal mucus antibody against an L3specific surface antigen. Parasit. Immunol. 25: 45-53.
Hassan, M.M., M.A. Hoque, S.K.M.A. Islam, S.A. Khan, K. Roy and Q. Banu. 2011. A
prevalence of parasites in Black Bengal goats in Chittagong, Bangladesh. Int. J.
Livest. Prod. 2: 40-44.
Hein, W.R., T. Barber, S.A. Cole, L. Morrison and A. Pernthaner. 2004. Long-term
collection and characterization of afferent lymph from the ovine small intestine. J.
Immunol. Methods. 293: 153-168.
Hoffman, W.E. 1981. A partial list of normal values. In: J.L. Howard, 4th edition, Current
Veterinary Therapy: Food Animal Practice. W.B. Saunders, Philadelphia, pp.
1168–1171.
Hohenhaus, M.A and P.M. Outteridge. 1995. The immunogenetics of resistance to
Trichostrongylus colubriformis and Haemonchus contortus parasites in sheep. Br.
Vet J. 151: 119- 140.
87

Hördegen, P., J. Cabaret, H. Hertzberg, W. Langhans and V. Maurer. 2006. In vitro
screening of six anthelmintic plant products against larval Haemonchus contortus
with a modified methyl-thiazolyl-tetrazolium reduction assay. J. Ethnopharmacol.
108: 85-89.
Hoste, H., C. Chartier, L.Y. Frileus. 2002. Control of gastrointestinal parasitism with
nematodes in dairy goats by treating the host category at risk. Vet. Res. 33: 531545.
Hoste, H., J.F. Torres-Acosta, V. Paolini, A. Aguilar-Caballero, E. Etter, Y. Lefrileux, C.
Chartier and C. Broqua. 2005. Interactions between nutrition and gastrointestinal
infections with parasitic nematodes in goats. Small Rumin. Res. 60: 141–151.
Hoste, H., J.F.J. Torres-Acosta, A.J. Aguilar-Caballero. 2008. Nutrition parasite
interactions in goats: is immune regulation involved in the control of
gastrointestinal nematodes? Parasite Immunol. 30: 79-88.
Hunter, A.R., G. MacKenzie. 1982. The pathogenesis of a single challenge dose of
Haemonchus contortus in lambs under six months of age. J. Helminthol. 56: 135144.
Huntley, J.F., G.F. Newlands, F. Jackson and H.R. Miller. 1992. The influence of challenge
dose, duration of immunity, or steroid treatment on mucosal mast cells and on the
distribution of sheep mast cell proteinase in Haemonchus-infected sheep. Parasite
Immunol. 14: 429-440.
Hurtado FA, E.R. Escobedo, M.A. Munoz-Guzma´n, G. Torres-Herna´ndez and C.M.
Becerril-Pe´rez. 2010. Comparison of parasitological and productive traits of
Criollo lambs native to the central Mexican Plateau and Suffolk lambs
experimentally infected with Haemonchus contortus. Vet. Parasitol.172: 277–282.
Idris, A.E., B. Moors, B. Sohnrey and Matthias. 2012. Gastrointestinal nematode infections
in German sheep. Parasitol. Res. 110: 1453–1459.
Igado, O.O., O.O. Ajala and M.O. Oyeyemi. 2011. Investigation into the Hematological
and Liver Enzyme Changes at Different Stages of Gestation in the West African
Dwarf Goat (Capra hircus L.). Int. J. Anim. Vet. Adv. 3: 277-281.
Iqbal, Z., M. Lateef, A. Jabbar, M.N. Ghayur and A.H. Gilani. 2006. In vitro and in vivo
anthelmintic activity of Nicotiana tabacum L. leaves against gastrointestinal
nematodes of sheep. Phytotherapy Res. 20: 46-48.
Iqbal, Z., M. Lateef, M. Ashraf and A. Jabbar. 2004. Anthelmintic activity of Artemisia
brevifolia in sheep. J. Ethnopharma. 93: 265-268.
88

Iqbal, Z., M. Lateef, M.N. Khan, G. Muhammad, A. Jabbar. 2005. Temporal density of
Trichostrongylidae larvae on a communal pasture in a sub-tropical region of
Pakistan. Pak. Vet. J. 25: 87-91.
Isani, G.B and M.N. Baloch. 1996. Sheep and Goat Breeds of Pakistan. Press Corporation
of Pakistan. Karachi.
Jabbar, A., M.A. Zaman, Z. Iqbal, M. Yaseen and A. Shamim, 2007. Anthelmintic activity
of Chenopodium album (L.) and Caesalpinia crista (L.) against trichostrongylid
nematodes of sheep. J. Ethnopharmacol. 114: 86-91.
Jabbar, A., Z. Iqbal, H.A. Saddiqi, W. Babar and M. Saeed. 2008. Prevalence of multiple
anthelmintic resistant gastrointestinal nematodes in dairy goats in a desolated tract
(Pakistan). Parasitol. Res. 103: 29–35.
Jackson, F. and R.L. Coop. 2000. The development of anthelmintic resistance to sheep
nematodes (review). Parasitology. 120: 95-107.
Jarrett, E and H. BAZIN, 1974. Elevation of total serum IgE in rats following helminth
parasite infection. Nature, 251:613.
Jarrett, E.E and H.R. Miller, 1982. Production and activities of IgE in helminth infection.
In Immunity and concomitant immunity in infectious diseases. Karger Publishers.
Kabagambe, E.K. 1997. Field evaluation of quil A-based vaccines against Haemonchus
contortus in sheep. MS Thesis. LSU, Baton Rouge.
Kabagambe, E.K., S.R. Barras, Y. Li, M.T. Pena, W.D. Smith and J.E. Miller. 2000.
Attempts to control haemonchosis in grazing ewes by vaccination with gut
membrane proteins of the parasite. Vet. Parasitol. 92: 15-23.
Kanojiya, D., D. Shanker, V. Sudan, A.K. Jaiswal and R. Parashar. 2016. Evaluation of
phenotypic markers in local goats from semi-arid areas for resistance to natural
infection with gastrointestinal nematodes. Indian. J. Anim. Sci. 86: 1276-1278.
Kantzoura. V., M.K. Kouam, H. Theodoropoulou, H. Feidas and G. Theodoropoulos. 2012.
Prevalence and risk factors of gastrointestinal parasitic infections in small
ruminants in the Greek temperate mediterranean environment. Open J. Vet. Med.
2: 25-33.
Kanyari, P., W. Kagira and R. Mhoma. 2009. Prevalence and intensity of endoparasites in
small ruminants kept by farmers in Kisumu Municipality, Kenya. Livestock. Res.
Rural. Develop. 21: 12-15.
Kaplan, R.M and A.N. Vidyashankar, 2012. An inconvenient truth: global worming and
anthelmintic resistance. Vet. Parasitol. 186:70-78.
89

Kaplan, R.M., J.M. Burke, S.B. Howell and J.R. Rocconi. 2005. Total Anthelmintic failure
on a meat goat farm in Arkansas, USA. American Association of Veterinary
Parasitologists, 50th Annual Meeting, Minneapolis, MN.
Karki, K., B.K. Bashir and J.R. Subedi. 2012. A case study on seasonal prevalence of
helminth parasites in goats (Capra Hircus) in Kalanki (Khasibazzar), Kathmandu
Nepal. BEPLS. 1: 11-13.
Kassi, T., L. Fesus, W.M.L. Hendriker, C. Takats, E. Fok, P. Redel, P.R. Nilsson, A.M.W.
Lecure, J. Vanjasen, W.E. Bernadine and K. Frankera. 1990. Is there a relationship
between haemoglobin genotype and the innate resistance to experimental
Haemonchus contortus infection in merino lambs”. J. Vet. Parasitol. 37: 61-77.
Katoch, R., P.P.S. Chauhan and D.K. Johri. 2000. Seasonal incidence of gastrointestinal
nematodes in goats of Mathura region. Indian Vet. J. 77: 259-260.
Kemp, S.J and A.J. Teal. 1998. Genetic basis of trypanotolerance in cattle and mice.
Parasitol. Today. 14: 450–454.
Kemper, K.E., R.L. Elwin, S.C. Bishop, M.E. Goddard and R.R. Woolaston. 2009.
Haemonchus contortus and Trichostrongylus colubriformis did not adapt to longterm exposure to sheep that were genetically resistant or susceptible to nematode
infections. Int. J. Parasitol. 39: 607-614.
Khan, B.B., A. Iqbal and M.1. Mustafa. 2003. Sheep and Goat Production. Department of
Livestock Management. University of Agriculture, Faisalabad.
Khan, M.S., M.A. Khan and S. Mahmood. 2008. Genetic Resources and Diversity in
Pakistani Goats. Int. J. Agri. Bio. 10: 227-231.
Kiechle FL, F Betson, J Blackeney, RR Calam, IM Catalasan, P Raj, W Sadek, SR Smith,
YW Tang and S Tomazic-Allen, 2010. Procedures for the handling and processing
of blood specimens; approved guideline. Volume 30. Wayne USA: CLSI; HA18A4-A3. CLSI Guidelines.
Knox, D.P., S.K. Smith, D.L. Redmond and W.D. Smith. 2005. Protection induced by
vaccinating sheep with a thiol-binding extract of Haemonchus contortus
membranes is associated with its protease components. Parasite Immunol. 27: 121126.
Komoin, O.C., J. Zinsstag, V.S. Pandey, F. Fofana and A.N. Depo. 1999. Epidemiology of
parasites of sheep in the southern forest zone of Coted’Ivoire. Revued’Elevage- etde-Medecine-Veterinairedes- Pays-Tropicaux. 52: 39-46.

90

Kooyman, F.M., P.J. Van Kooten, J.F. Huntley, A. MacKellar, A.W. Cornelissen and H.D.
Schallig. 1997. Production of a monoclonal antibody specific for ovine
immunoglobulin E and its application to monitor serum IgE responses to
Haemonchus contortus infection. Parasitology. 114: 395-406.
Kumar R, Ranjan S, Vishnu PG, Negi M, Senapati PK, Charita VG, 2015. Variability of
resistance in Black Bengal goats naturally infected with Haemonchus contortus.
Journal of parasitic diseases. 1;39(1):76-9.
Kumari, P., C.l. Yadav, S. Vatsya. 2008. Influence of breed on susceptibility of goats to
natural infection with Haemonchus contortus. Indian j. Anim. Sci. 78: 1-5
Lacey, E., 1990. Mode of action of benzimidazoles. Parasitol Today, 6: 112-115
Lacroux, C., T.H. Nguyen, O. Andreoletti, F. Prevot, C. Grisez, J.P. Bergeaud, L. Gruner,
J.C. Brunel, D. Francois, P. Dorchies, and P. Jacquiet. 2006. Haemonchus contortus
(Nematoda: Trichostrongylidae) infection in lambs elicits an unequivocal Th2
immune response. Vet. Res. 37: 607-622.
Laing, R., T. Kikuchi, A. Martinelli, I.J. Tsai, R.N. Beech, E. Redman, N. Holroyd, D.J.
Bartley, H. Beasley, C. Britton and D. Curran.

2013. The genome and

transcriptome of Haemonchus contortus, a key model parasite for drug and vaccine
discovery. Genome Biol. 14: R88.
Lamrioui, D., T. Hassouni, D. Belghyti, J. Mostafi, Y. Madhi and D. Lamri. 2013.
Prevalence and intensity of intestinal nematodes in goat (Capra hircus) from
oriental region, Province of Figuig, Morocco. Int. J. Agri. Sci. Res. 2: 279-282.
Laroche, D., M.C. Vergnaud, B. Sillard, H. Soufarapis and H. Bricard. 1991. Biochemical
markers of anaphylactoid reactions to drugs. Comparison of plasma histamine and
tryptase. Anesthesiology. 75: 945–949.
Larsen, M. 2000. Prospects for controlling animal parasitic nematodes by predacious micro
fungi. Parasitology. 120: 121-31.
Lashari, M.H., Z. Tasawar, M.S. Akhtar, M.S. Chaudhary and N. Sial. 2015. Prevalence of
Haemonchus contortus in local goats of D. G. Khan. World J. Pharmaceut. Sci. 4:
190-196.
Lateef, M., Z. Iqbal, A. Jabbar, M.N. Khan and M.S. Akhtar. 2005. Epidemiology of
trichostrogylid nematode infections in sheep under traditional husbandry system in
Pakistan. Int. Agri. Biol. 7: 596-600.

91

Lebbie, S.H.B., B. Rey and E.K. Irungu. 1994. Small ruminant research and development
in Africa. Proceeding of the second Biennial conference of the African Small Rum.
Res. Network. ILCA. pp. 1-5.
Lichtenfels JR, Pilitt PA, Hoberg EP, 1994. New morphological characters for identifying
individual specimens of Haemonchus spp.(Nematoda: Trichostrongyloidea) and a
key to species in ruminants of North America. The Journal of parasitology. 1:10719.
Lightbody, J.H., L.M. Stevenson, F. Jackson, K. Donaldson, D.G. Jones. 2001.
Comparative aspects of plasma antioxidant status in sheep and goats, and the
influence of experimental abomasal nematode infection. J. Comp. Pathol. 124: 192199.
Liu, F., J. Lu, W. Hu, S.Y. Wang, S.J. Cui, M. Chi, Q. Yan, X.R. Wang, H.D. Song,
X.N, Xu and J.J. Wang, 2006. New perspectives on host-parasite interplay by
comparative transcriptomic and proteomic analyses of Schistosoma japonicum.
PLoS. Pathogen. 2:29.
Lone, B.A., M.Z. Chishti, F. Ahmad and H. Tak. 2012. A Survey of Gastrointestinal
Helminth Parasites of Slaughtered Sheep and Goats in Ganderbal, Kashmir. G. V.
8: 338-341.
Mackenzie, C.D., M. Jungery, P.M. Taylor and B.M. Ogilvie. 1981. The in-vitro interaction
of eosinophils, neutrophils, macrophages and mast cells with nematode surfaces in
the presence of complement or antibodies. J. Pathol. 133: 161-175.
Macpherson, A.J., K.D. McCoy, F.E. Johansen and P. Brandtzaeg. 2008. The immune
geography of IgA induction and function. Mucosal Immunol. 1: 11.
Maichomo, M.W., J.M. Kagira and T. Walker. 2004 The point prevalence of gastrointestinal parasites in calves, sheep and goats in Magadi division, south-western
Kenya, Ondersterpoort. J. Vet. Res. 71: 257-261.
Maingi N, H Bjorn, SM Thamsborg, HO Bogh and P Nansen, 1996. A survey of
anthelmintic resistance in nematodes parasites of goats in Denmark. Vet Parasitol,
66: 53-66.
Maingi, N., H. Bjorn, S.M. Thamsborg, H.O. Bogh and P. Nansen. 1996. A survey of
anthelmintic resistance in nematodes parasites of goats in Denmark. Vet. Parasitol.
66: 53-66.
Malan. F.S., J.A. Van Wyk and C.D. Wessels. 2001. Clinical evaluation of anaemia in
sheep: early trials. Onderstepoort. J. Vet. Res. 68: 165-174.
92

Mandal, A. and D.K. Sharma. 2008. Inheritance of faecal nematode egg count in Barbari
goats following natural Haemonchus contortus infection. Vet. Parasitol. 155: 8994.
Mandonnet, N., G. Aumont, J. Fleury, R. Arquet, R., H. Varo, L. Gruner, J. Bouix and
T.V.J. Khang. 2001. Assessment of genetic variability of resistance to
gastrointestinal nematode parasites in Creole goats in the humid tropics. J. Anim.
Sci. 79: 1706-1712.
Mandonnet, N., V. Ducrocq, R. Arquet and G. Aumont, 2003. Mortality of Creole kids
during infection with gastrointestinal strongyles: A survival analysis1. J. of animal
science, 81:2401-2408.
Maqsood, M., Z. Iqbal and A.H. Chaudhary. 1996. Prevalence and intensity of
Haemonchosis with reference to breed, sex and age of sheep and goats. Pak. Vet. J.
16: 41-43.
Marshall, K., J.F. Maddox, S.H. Lee, Y. Zhang, L. Kahn, H.U. Graser, C. Gondro, S.W.
Walkden‐Brown and J.H.J. Van Der Werf, 2009. Genetic mapping of quantitative
trait loci for resistance to Haemonchus contortus in sheep. Anim Genet. 40: 262272.
Marshall, K., J.H.F. van der Werf, J.F. Maddox, H.U. Graser, Y. Zhang, S.W. WalkdenBrown and L. Kahn. 2005. A genome scan for quantitative trait loci for resistance
to the gastrointestinal parasite Haemonchus contortus in sheep. Proce. Associ.
Advan. Ani. Breed. Gene. 16: 115.
Martin, R.J., 1997. Modes of action of anthelmintic drugs. Vet J. 154: 11-34.
Matika, O., J.B. van Wyk, G.J. Erasmus and R.L. Baker. 2003. Genetic parameter estimates
in Sabi sheep. Livest. Prod. Sci. 79: 17-28.
McBean, D., M. Nath, F. Kenyon, K. Zile, D.J. Bartley and F. Jackson. 2016. Faecal egg
counts and immune markers in a line of Scottish Cashmere goats selected for
resistance to gastrointestinal nematode parasite infection. Vet. Parasitol. 229: 1-8.
McKellar, Q.A. and E.W. Scott, 1990. The benzimidazole anthelmintic agents--a review.
J Vet Pharmacol Ther.13: 223-247.
McKenna, P.B. 1981. The diagnosis value and interpretation of faecal egg counts in sheep.
NZ. Vet. J. 29: 129-32.
Mcleod, R.S. 2004. Economic impact of worm infections in small ruminants in South East
Asia, India and Australia. In: Worm control of small ruminants in Tropical Asia.
ACIAR. Monograph. 113: 23-33.
93

Mederos, A.E., Z. Ramos and G.E. Banchero, 2014. First report of monepantel
Haemonchus contortus resistance on sheep farms in Uruguay. Parasites & vectors,
7:598.
Meeusen, E.N., 1999. Immunology of helminth infections, with special reference to
immunopathology. Vet. Parasitol., 84:259-273.
Mehmood, K., M. Ijaz, A.Z. Durrani, M.A. Khan, A.J. Sabir and M.H. Saleem. 2013.
Infection rate and therapeutic trials on various gastrointestinal parasites in sheep
and goats in and around Lahore, Pakistan. Pak. J. Zool. 45: 489-494.
Menge, D.M., J.M. Behnke, A. Lowe, J.P. Gibson, F.A. Iraqi, R.L. Baker and D. Wakelin,
2003. Mapping of chromosomal regions influencing immunological responses to
gastrointestinal nematode infections in mice. Parasit. Immunol. 25: 341-349.
Miller, J.E and D.W. Horohov. 2006. Immunological aspects of nematode parasite control
in sheep. J. Anim. Sci. 84: 124-132.
Miller, J.E., M. Bahirathan, S.L. Lemarie, F.G. Hembry, M.T. Kearney and S.R. Barras.
1998. Epidemiology of gastrointestinal nematode parasitism in Suffolk and Gulf
Coast Native sheep with special emphasis on relative susceptibility to Haemonchus
contortus infection. Vet. Parasitol. 74: 55-74.
Miller. D.K and T.M. Craig. 1996. Use of anthelmintic combinations against multiple
resistant Haemonchus contortus in Angora goats. Small Rum. Res. 19: 281-83.
Mir, M.R., M.Z. Chishti, M. Rashid, S.A. Dar, Kuchay and A. Dar. 2013. Prevalence of
gastrointestinal nematodes in goats of jammu region. Int. J. of recent sci. res. 4:
208-210.
Miyamoto, K., M. Iwase, M. Nyui, S. Arata and Y. Sakai. 2006. Histamine type 1 receptor
deficiency reduces airway inflammation in a murine asthma model. Int. Arch.
Allergy Immunol. 140: 215–222.
Moaeen-ud-Din, M., N. Ahmad, A. Iqbal and M. Abdullah, 2006. Evaluation of different
formulas for weight estimation in Beetal, Teddi and crossbred (Beetal x Teddi)
goats. J. Anim. Plant Sci. 16(3-4).
Mohanta, U., K. Anisuzzaman, T. Farjana, P.M. Das, S. Majumder and M.M.H. Mondal.
2007. Prevalence, population dynamics and pathological effects of intestinal
helminths in black Bengal goats. Bangl. J. Vet. Med. 5: 63-69.
Morgan, E.R and J.Van Dijk, 2012. Climate and the epidemiology of gastrointestinal
nematode infections of sheep in Europe. Vet. Parasitol. 189:8-14.

94

Morley, F.H.W and A.D. Donald, 1980. Farm management and systems of helminth
control. Vet. Parasitol. 6: 105-134.
Morris, C.A., A. Vlassoff, S.A. Bisset, R.L. Baker and T.G. Watson. 1997. Direct responses
to selection for divergence in faecal nematode egg count in young Romney and
Perendale sheep. In: Proce. Assoc. Advanc. Ani. Breeding and Genetics, Dubbo,
NSW, Australia. 12: 413-416.
Mosmann, T.R and R.L. Coffman, 1989. Heterogeneity of cytokine secretion patterns and
functions of helper T cells. In Advances in immunology (Vol. 46: 111-147).
Academic Press.
Mugambi, J., J. Audho and R. Baker. 2005. Evaluation of the phenotypic performance of a
Red Maasai and Dorper double backcross resource population: natural pasture
challenge with gastro-intestinal nematode parasites. Vet. Parasitol. 127: 263 – 275.
Mugambi, J.M., Audho, J.O. and Baker, R.L. 2005. Evaluation of the phenotypic
performance of a Red Maasai and Dorper double backcross resource population
natural pasture challenge with gastrointestinal nematode parasites. Small Rumi.
Res. 56: 239-251.
Mugambi, J.M., S.W. Wanyangu, R.K. Bain, M.O. Owango, J.L. Duncan and M.J. Stear.
1996. Response of Dorper and Red Maasai lambs to trickle Haemonchus contortus
infections. Res. Vet. Sci. 61: 218-221.
Mulcahy, G., F.O. Connor, D. Clery, S.F. Hogan, A.J. Dowd, S.J. Andrews and J.P. Dalton.
1999. Immune responses of cattle to experimental anti Fasciola hepatica vaccines.
Res. Vet. Sci. 67: 27-33.
Murphy, L., P.D. Eckersall, S.C. Bishop, J.J. Pettit, J.F. Huntley, R. Burchmore and M.J.
Stear. 2010. Genetic variation among lambs in peripheral IgE activity against the
larval stages of Teladorsagia circumcincta. Parasitology. 137: 1249-1260.
Mwamachi, D.M., J.O. Audho, W. Thorpe and R.L. Baker. 1995. Evidence for multiple
anthelmintic resistance in sheep and goats reared under the same management in
coastal Kenya. Vet. Parasitol. 60: 303-13.
Nabi, H., K. Saeed, S.R. Shah, M.I. Rashid, H. Akbar and W. Shehzad. 2014.
Epidimiological study of gastrointestinal nematodes of goats in district Swat,
Khyber pakhtunkhwa, Pakistan. Sci. Int. 26: 283-286.
Nabukenya, I., C. Rubaire-Akiiki, D. Olila, K. Ikwap and J. Höglund, 2014.
Ethnopharmacological practices by livestock farmers in Uganda: Survey
experiences from Mpigi and Gulu districts. J. Ethnobiol. Ethnomedicine. 10: 9.
95

Naderi, S., H.R. Rezaei, F. Pompanon, M.G.B. Blum, R. Negrini. 2008. The goat
domestication process inferred from large-scale mitochondrial DNA analysis of
wild and domestic individuals. Proc. Natl. Acad. Sci. U.S.A. 105: 17659–17664.
Nakamura, Y., T. Syouji, T. Onodera, K. Kawashima, S. Inumaru and Y. Yokomizo. 2002.
Effects of recombinant bovine interferon gamma on Strongyloides papillosus
infection in calves. J. Helminthol. 76: 59-64.
Nakayamada, S., H. Takahashi, Y. Kanno and J.J. O'Shea. 2012. Helper T cell diversity
and plasticity. Current Opin. Immunol. 24: 297-302.
Nansen, P., M. Larsen, J. Gronvold, P. Wolstrup, A. Zorn and S.A. Henriksen. 1995.
Prevention of clinical trichostrongylidosis in calves by strategic feeding with the
predacious fungus Duddingtonia flagrans. Prasitol. Res. 81: 371-374.
Nathan, C. 2006. Neutrophils and immunity: challenges and opportunities. Nat. Rev.
Immunol. 6:17 Pernthaner, A., S. A. Cole, L. Morrison, R. Green, R. J. Shaw, and
W. R. Hein. 2006. Cytokine and antibody subclass responses in the intestinal lymph
of sheep during repeated experimental infections with the nematode parasite
Trichostrongylus columbriformis. Vet. Immunol. Immunopath. 114: 135-148.
Negasi, W., B. Bogale and M. Chanie. 2012. Helminth Parasites in Small Ruminants:
Prevalence, Species Composition and Associated Risk Factors in and Around
Mekelle Town, Northern Ethiopia, Europe. J. Biol. Sci. 4: 91-95.
Newton, S.E and E.N. Meeusen. 2003. Progress and new technologies for developing
vaccines against gastrointestinal nematode parasites of sheep. Parasite Immunol.
25: 283-296.
Nieuwhofa, G.J and S.C. Bishop. 2005. Costs of the major endemic diseases of sheep in
Great Britain and the potential benefits of reduction in disease impact. Anim. Sci.
81: 23-29.
Notter, D.R., S.A. Andrew and A.M. Zajac. 2003. Responses of hair and wool sheep to a
single fixed dose of infective larvae of Haemonchus contortus. Small Rum. Res.
47: 221-225.
Nwosu, C.O., P.P. Madu and W.S. Richards. 2007. Prevalence and seasonal changes in the
population of gastrointestinal nematodes of small ruminants in the semi-arid zone
of North-Eastern Nigeria. Vet. Parasitol. 144: 118-124.
Nwosu, V.C., 2001. Antibiotic resistance with particular reference to soil microorganisms.
Res. Microbiol. 152: 421-430.

96

Olcott, D.D. 2006. Effect of vaccination in goat with H-GAL-GP and H-11 antigens from
intestinal membrane cells of Haemonchus contortus. MS Thesis, Louisiana State
University, Baton Rouge, LA, USA.
Onyenwe., I.W., C. Onwe, A. Onyeabor and J.I. Onunkwo, 2005. Abattoir-based study of
the susceptibility of two naturally infected breeds of goat to Haemonchus contortus
in Nsukka area of Enugu State, Nigeria. Anim. Res. Int. 22: 342-345.
Ouattara, L. and P. Dorchies. 2001. Gastrointestinal helminths of sheep and goats in sub
humid and sahelian areas of Burkina Faso. Revue-de-Medecine- Veterinaire. 152:
165-170.
Outteridge, P.M., R.G. Windon, J.K. Dineen and E.F. Smith, 1986. The relationship
between ovine lymphocyte antigens and faecal egg count of sheep selected for
responsiveness to vaccination against Trichostrongylus colubriformis. Intl. J.
Parasitol. 16: 369-374.
Padwal, N., A. Humbe, S. Jadhav and S.N. Borde. 2011. Seasonal variation of intestinal
Trichuris sp. in sheep and goats from Maharashtra state. Int. Multidisc. Res. J. 1:
17–18.
Pal, R.A. and M. Qayyum. 1992. Distribution of gastrointestinal helminths of goats in Swat
Valley (NWFP), Pakistan. Pak. J. Zool. 24: 359-360.
Pandey, V.S., M. Ndao and V. Kumar. 1994. Seasonal prevalence of gastrointestinal
nematodes in communal land goats from the highveld of Zimbabwe. Vet. Parasitol.
51: 241-248.
Panzer, M., S. Sitte, S. Wirth, I. Drexler, T. Sparwasser and D. Voehringer. 2012. Rapid In
Vivo Conversion of Effector T Cells into Th2 Cells during Helminth Infection. J.
Immunol. 188: 615-623.
Paraud, C., I. Pors, L. Rehby and C. Chartier. 2010. Absence of ivermectin resistance in a
survey on dairy goat nematodes in France. Parasitol. Res. 106: 1475–1479.
Pasha, T.N and E.U. Khan. 2010. Buffalo milk production in Pakistan. Proceedings of 9th
World Buffalo Congress. Rev. Vet. April, Arg. 21: 25-28.
Patel, N., T. Kreider, J.F. Urban and W.C. Gause. 2009. Characterisation of effector
mechanisms at the host:parasite interface during the immune response to tissuedwelling intestinal nematode parasites. Int. J. Parasitol. 39: 13-21.
Paterson, S., K. Wilson and J.M. Pemberton. 1998. Major histocompatibility complex
variation associated with juvenile survival and parasite resistance in a large

97

unmanaged ungulate population (Ovis aries L.). Proc. Natl. Acad. Sci. 95: 37143719.
Pena, M.T. 2001. The role of immunity in resistance of Gulf Coast Native sheep to
Haemonchus contortus infection. MS Thesis, Louisiana State University, Baton
Rouge, LA, USA.
Perez, J., P.M. Garcia, S. Hernandez, A. Martinez-Moreno, J. Martin de las Mulas, and S.
Camara. 2001. Pathological and immunohistochemical study of the abomasum and
abomasal lymph nodes in goats experimentally infected with Haemonchus
contortus. Vet. Res. 32: 463-473.
Periasamy, K., R. Pichler, M. Poli, S. Cristel, B. Cetra, D. Medus, A.K. M, T. Basar, S.
Ramasamy, M.B. Ellahi, F. Mohammed, A. Teneva, M. Shamsuddin, M.G.
Podesta & A. Diallo, (2014). Candidate Gene Approach for Parasite Resistance in
Sheep - Variation in Immune Pathway Genes and Association with Fecal Egg
Count. PLoS One. 9: 88337.
Pernthaner, A., S.A. Cole, L. Morrison and W.R. Hein. 2005. Increased expression of
interleukin-5 (IL-5), IL-13, and tumor necrosis factor alpha genes in intestinal
lymph cells of sheep selected for enhanced resistance to nematodes during infection
with Trichostrongylus colubriformis. Infect. Immunol. 73: 2175-2183.
Pernthaner, A., S.A. Cole, L. Morrison, R. Green, R.J. Shaw and W.R. Hein, 2006.
Cytokine and antibody subclass responses in the intestinal lymph of sheep during
repeated experimental infections with the nematode parasite Trichostrongylus
colubriformis. Vet. Immunol. Immunopathol. 114: 135-148.
Perrigoue, J.G., F.A. Marshall and D. Artis. 2008. On the hunt for helminths: innate
immune cells in the recognition and response to helminth parasites. Cell Microbiol.
10: 1757-1764.
Perry, B.D., T.F. Randolph, J.J. McDermott, K.R. Sones and P.K. Thornton. 2002.
Investing in animal health research to alleviate poverty. Int. Livestock Res. Insti.
Nairobi, Kenya. pp: 148
Persson L., 1974. A modified baermann apparatus for the recovery of infective nematode
larvae from herbage and manure. Zentralblatt für Veterinärmedizin Reihe B.
(7):483-8.
Peter, J.W and P. Chandrawathani. 2005. Haemonchus contortus: parasite problem No. 1
from tropics Polar Circle. Problems and prospects for control based on
epidemiology. Trop. Biomed. 22: 131-7.
98

Pfeffer, A., R.J. Shaw, R. Green and M.D. Phegan. 2005. The transfer of maternal IgE and
other immunoglobulins specific for Trichostrongylus colubriformis larval
excretory/secretory product to the neonatal lamb. Vet. Immunol. Immunopath. 108:
315-323.
Pidancier, N., S. Jordan., G. Luikart and P. Taberlet. 2006. Evolutionary history of the
genus Capra (Mammalia, Artiodactyla) Discordance between mitochondrial DNA
and Y-chromosome phylogenies. Mol. Phylo. Evol. 40: 739–749.
Pilgrim, G.E. 1947. The evolution of the bufaloes, oxen, sheep and goats. J. Linn. Soc.
Zool. 41: 272–286.
Pralomkarn, W., V.S. Pandey, W. Ngampongsai, S. Choldumrongkul, S. Saithanoo, L.
Rattaanachon and A. Verhulst. 1997. Genetic resistance of three genotypes of goats
to experimental infection with Haemonchus contortus. Vet. Parasitol. 68: 79-90.
Preston, J.M and E.W. Allonby. 1978. The influence of breed on the susceptibility of sheep
and goats to a single experimental infection with Haemonchus contortus. Vet. Rec.
103: 509–512.
Prichard, R.K. 2001. Genetic variability following selection of Haemonchus contortus with
anthelmintics. Trends Parasitol. 17: 445–453.
Qamar, M.F., A. Maqbool and N. Ahmad. 2011. Economic losses due to Haemonchosis in
sheep and goats. Sci. Int. 23: 295-298.
Rainbird, M.A., D. Macmillan and E.N. Meeusen. 1998. Eosinophil-mediated killing of
Haemonchus contortus larvae: effect of eosinophil activation and role of antibody,
complement and interleukin-5. Parasite Immunol. 20: 93-103.
Rajapakse, R.P.V.J., A.C.M. Faizal, N.U. Horadagoda, I.V.P. Dharmawardana and W.D.
Paranagama. 2000. An abattoir study on the prevalence of gastrointestinal
nematodes of goats in the dry zone of Sri Lanka. J. National Sci. Found. SL. 28:
265 – 275.
Raza, M.A., H.A. Bachaya, M.S. Akhtar, H. Muhammad, S.M. Arshad, M.M. Ayaz, M.
Naeeem and A. Basit, 2012 Point prevalence of gastrointestinal helminthiasis in
buffaloes (Bubalus bubalis) at the vicinity of Jatoi, Punjab, Pakistan.
Sci.Int.(Lahore), 24:465-469.
Raza, M.A., M. Younas and E. Schlecht. 2014. Prevalence of gastrointestinal helminths in
pastoral sheep and goat flocks in the Cholistan desert of Pakistan. J. Anim. Plant
Sci. 24: 127-134.

99

Raza, M.A., S. Murtaza, H.A. Bachaya, A. Qayyum and M.A. Zaman. 2010. Point
prevalence of Toxocara vitulorumin large ruminants slaughtered at Multan abattoir.
Pak. Vet. J. 30: 242-244.
Raza, M.A., S. Murtaza, H.A. Bachaya, G. Dastager and A. Hussain. 2009. Point
prevalence of haemonchosis in sheep and goats slaughtered at Multan abattoir. J.
Anim. & Plant Sci. 19: 158-159.
Raza, M.A., Z. Iqbal, A. Jabber and M. Yaseen. 2007. Point prevalence of gastrointestinal
helminthiasis in ruminants in southern Punjab, Pakistan. J. Helminthol. 81: 323328.
Razzaq, A., M. Islam, S. Ahmad, K. Shideed, F. Shomo and M. Athar. 2012. Prevalence of
internal parasites in sheep/goats and effective economic de-worming plan at upland
Balochistan, Pakistan. Afri. J. Biotech. 11: 12600-12605.
Rege, J.E.O., S. Tembely, E. Mukasa-Mugerwa, S. Sovani, D. Anindo, A. Lahlou-Kassi,
S. Nagda and R.L. Baker. 2002. Effect of breed and season on production and
response to infection with gastrointestinal nematode parasites in sheep in the
highlands of Ethiopia. Livestock Prod. Sci. 78: 159–174.
Rey, B. 1991. Small ruminant genetic resources and parasite challenge in sub-Sahara,
Africa. In: proceedings of the research planning workshop held at ILCA on
resistance to endoparasites in small ruminants, Addis Ababa, Ethiopia. 23-32.
Reynolds, L.A., K.J. Filbey, R.M. Maizels. 2012. Immunity to the model intestinal
helminth parasite Heligmosomoides polygyrus. Sem. Immunopathol. 34: 829-846.
Ribic, A., 2012. Immune privilege revisited: the roles of neuronal MHC class I molecules
in brain development and plasticity. In Histocompatibility. InTech.
Richard, S. and J. Cabaret. 1993. Primary infection of kids with Teladorsagia circumcincta:
susceptibility and blood constituents. Vet. Parasitol. 47: 279-287.
Richard, S., J. Cabaret and C. Cabourg. 1990. Genetic and environmental factors associated
with nematode infection of dairy goats in Northwestern France. Vet. Parasitol. 36:
237-243.
Riley, D. and J. Van Wyk. 2009. Genetic parameters for FAMACHA score and related
traits for host resistance/resilience and production at differing severities of worm
challenge in a Merino flock in South Africa. Vet. Parasitol. 164: 44-52.
Robinson, N., J. Pleasance, D. Piedrafita and E.N. Meeusen. 2011. The kinetics of local
cytokine and galectin expression after challenge infection with the gastrointestinal
nematode, Haemonchus contortus. Int. J. Parasitol. 41: 487–493.
100

Rocha, R.A., A.F.T. Amarante and P.A. Bricarello. 2004. Comparison of the susceptibility
of Santa Ines and Ile de France ewes to nematode parasitism around periparturition
and during lactation. Small Rum. Res. 55: 65–75.
Roeber F, Jex AR, Gasser RB., 2013. Impact of gastrointestinal parasitic nematodes of
sheep, and the role of advanced molecular tools for exploring epidemiology and
drug resistance-an Australian perspective. Parasites & vectors. 6(1):153.
Romjali, E., V.S. Pandey, R.M. Gatenby, M. Doloksaribu, H. Sakul, A. Wilson and A.
Verhulst, 1997. Genetic resistance of different genotypes of sheep to natural
infections with gastro-intestinal nematodes. Anim. Sci. 64: 97-104.
Rout, P.K., K.K. Chauhanc, O. Matikaa, S.C. Bishop. 2011. Exploring the genetic
resistance to natural gastrointestinal nematode infection in Indian goats. Vet.
Parasitol. 180: 315– 322.
Saeed, M., Z. Iqbal, A. Jabbar, S. Masood, W. Babar, H.A. Saddiqi, M. Yaseen, M.
Sarwar and M. Arshad, 2010. Multiple anthelmintic resistance and the possible
contributory factors in Beetal goats in an irrigated area (Pakistan). Res. Vet. Sci.
88: 267-272.
Sangster, N.C., A. Cowling , R.G. Woodgate, 2018. Ten events that defined anthelmintic
resistance research. Trends Parasitol. 2018 May 23.
Sangvaranond, A., N. Lampa, D. Wongdachkajorn and D. Sritong. 2010. Prevalence of
helminth parasites and intestinal parasitic protozoa among meat goats raised in
private farms in Saraburi province Thailand, Kasetsart Veterinarians. 20: 85-95.
Schallig, H.D., M.A. Van Leeuwen and A.W. Cornelissen. 1997. Protective immunity
induced by vaccination with two Haemonchus contortus excretory secretory
proteins in sheep. Parasite. Immunol. 19: 447-453.
Schallig, H.D., M.A. Van Leeuwen, W.M. Hendrikx. 1995. Isotype-specific serum
antibody responses of sheep to Haemonchus contortus antigens. Vet. Parasitol. 56:
149-162.
Schwaiger, F.W., D. Gostomski, M.J. Stear, J.L. Duncan, Q.A. McKellar, J.T. Epplen and
J. Buitkamp. 1995. An ovine major histocompatibility complex DRB1 allele is
associated with low faecal egg counts following natural, predominantly Ostertagia
circumcincta infection. Int. J. Parasitol. 25: 815-822.
Seli, E and A. Arici, 2002. Sex steroids and the immune system. Immunol Allergy Clin
North Am, 22: 407-408.

101

Shakya KP, 2007. Evaluation of selected immune response to haemonchus contortus in
gulf coast native compared to suffolk lambs. Phd thesis, University of Agricultural
Sciences, Bangalore, India.
Shakya, P., A.K. Jayraw, N. Jamra, V. Agrawal and G.P. Jatav GP, 2017. Incidence of
gastrointestinal nematodes in goats in and around Mhow, Madhya Pradesh. J
Parasitic Dis. 41: 963-67.
Shamim. A., M.S. Sajid, M.N. Khan and M. Saqib. 2016. Phenotypic Marker Based
Evaluation of Resistance to Haemonchus contortus in Teddy and Beetal Goat
Breeds of Punjab, Pakistan. Intl. J. Agric. Biolo. 18: 1043‒1048.
Sharkhuu, T. 2001. Helminths of goats in Mongolia. Vet. Parasitol. 101: 161–169.
Sharma, D.K., N. Agrawal, A. Mandal, P. Nigam and S. Bhushan. 2009. Coccidia and
gastrointestinal nematode infections in semi-intensively managed Jakhrana goats of
semi-arid region of India. Trop. Subtrop. Agro ecosystem. 11:135-139.
Shaw, R., C. Morris, M. Wheeler, M. Tate and I. Sutherland. 2012. Salivary IgA: A suitable
measure of immunity to gastrointestinal nematodes in sheep. Vet. Parasitol. 186:
109-117.
Shoenian, S. (2013) Slowing dewormer resistance. SheepandGoat.com. Maryland Small
Ruminant Page.http://www.sheepandgoat.com/articles/slowdrugresist.html.
Siddiki, A.Z., M.B. Uddin, M.B. Hasan, M.F. Hossain, M.M. Rahman, B.C. Das, M.S.
Sarker and M.A. Hossain. 2010. Coproscopic and haematological approaches to
determine the prevalence of helminthiasis and protozoan diseases of Red
Chittagong Cattle (RCC) breed in Bangladesh. Pak. Vet. J. 30: 1-6.
Siddiqi, H.A., Z. Iqbal, M.N. Khan and G. Muhammad, 2010. Comparative Resistance of
Sheep Breeds to Haemonchus contortus in a natural pasture infection. Intl. J. Agric.
Biol. 12: 739-743.
Sinasi, U., A.Y. Bayram. 2005. Seasonal activity of gastro-intestinal nematodes in goats in
Burdur region, Turkey, Turk. J. Vet. Anim. Sci. 29: 441-448.
Singh, D., C.P. Swarnkar, F.A. Khan, C.P. Srivastava and P.S.K. Bhagwan. 1997.
Epidemiology of ovine gastrointestinal nematodes at an organized farm in
Rajasthan, India. Small Ruminant Res. 26: 31-37.
Singh, K.S and H.D. Srivastava. 1977. Diagonosis and treatment of helminthic infections.
ICAR: New Delhi.
Singleton, D.R., M.J. Stear and L. Matthews. 2010. A mechanistic model of developing
immunity to Teladorsagia circumcincta infection in lambs. Parasitology. 1-11.
102

Sissay, M.M., A. Uggla and P.J. Waller. 2007. Prevalence and seasonal incidence of
helminth parasite infections of ruminants in eastern Ethiopia. Trop. Anim. Heal.
Prod. 22: 125-130.
Skykes, A.R. 1994. Parasitism and production in farm animals. Anim. Parasitol. 59: 155172.
Skykes, A.R., R.G. McFarlene and A.S. Familton. 1992. Parasites, immunity and
antihelminthic resistance. In: Speedy AW (ed.) Progress in sheep and goat research.
CAB International, Oxford, U. K. pp: 179-191.
Slate, J., J. Gratten, D. Beraldi, J. Stapley, M. Hale and J.M. Pemberton. 2009. Gene
mapping in the wild with SNPs: guidelines and future directions. Genetica. 136: 97107.
Smith, S.K., A.J. Nisbet, L.I. Meikle, N.F. Inglis, J. Sales, R.J. Beynon and J.B. Matthews.
2009. Proteomic analysis of excretory/secretory products released by Teladorsagia
circumcincta larvae early post‐infection. Parasit. Immunol. 31: 10-19.
Smith, W.D. 1977. Anti-larval antibodies in the serum and abomasal mucus of sheep
hyperinfected with Haemonchus contortus. Res. Vet. Sci. 22: 334-338.
Smith, W.D. 1977. Serum and mucus antibodies in sheep immunised with larval antigens
of Haemonchus contortus. Res. Vet. Sci. 22: 128-129.
Smith, W.D. 1988. Mechanism of immunity to gastrointestinal nematodes of sheep. In
Increasing Small Ruminants productivity in Semi-arid Areas (ed. Thomson, E.F. &
Thomson,F.S.). 275-286.
Smith, W.D. 1999. Prospects for vaccines of helminth parasites of grazing ruminants. Int.
J. Parasitol. 29: 17-24.
Smith, W.D., F. Jackson, E. Jackson, J. Williams and H.R. Miller. 1984. Manifestations of
resistance to ovine ostertagiasis associated with immunological responses in the
gastric lymph. J. Comp. Pathol. 94: 591-601.
Soulsby, E.J.L. 1982. Helminths, arthropods and protozoa of domesticated animals. 7th Ed.
Bailliere Tindal and Cassel Ltd, London.
Stear, M.J and M. Murray. 1994. Genetic resistance to parasitic disease: particularly of
resistance in ruminants to gastrointestinal nematodes. Vet. Parasitol. 54: 161-176.
Stear, M.J, L. G.T. Fitton, L. Innocent, K. Murphy Rennie, and L. Matthews. 2007. The
dynamic influence of genetic variation on the susceptibility of sheep to
gastrointestinal nematode infection. J. RSoc. Interface. 4: 767–776.

103

Stear, M.J., A. Belch and K. Donskow-Schmelter. 2007. Detection of genes with moderate
effects on disease resistance using ovine MHC and resistance to nematodes as an
example. Vet. Immunopathol. 120: 3-9.
Stear, M.J., K. Bairden, S.C.Bishop, G.Gettinby, Q.A.McKellar, M.Park, S.Strain and
D.S.Wallace, 1998. The processes influencing the distribution of parasitic
nematodes among naturally infected lambs. Parasitol. 117: 165-171.
Strain, S.A., S.C. Bishop, N.G. Henderson, A. Kerr, Q.A. McKellar, S. Mitchell amd M.J.
Stear. 2002. The genetic control of IgA activity against Teladorsagia circumcincta
and its association with parasite resistance in naturally infected sheep. Parasitology.
124: 545-552.
Suchitra, S. and P. Joshi. 2005. Characterization of Haemonchus contortus calreticulin
suggests its role in feeding and immune evasion by the parasite. Biochem. Biophys.
Acta. 1722: 293-303.
Suttner, K., P. Rosenstiel, M. Depner, M. Schedel, L.A. Pinto, A. Ruether, J. Adamski, N.
Klopp, T. Illig, C. Vogelberg, S. Schreiber, E. Von Mutius and M. Kabesch. 2009.
TBX21 gene variants increase childhood asthma risk in combination with HLX1
variants. J. Allergy Clin. Immunol. 123: 1062-1068.
Swarnkar, C.P and D.,Singh, 2013. Bioclimatographs and Gastrointestinal Nematodes in
Livestock of India-An Atlas. Central Sheep and Wool Research Institute,
Avikanagar, 1-148.
Tan, T.K., C. Panchadcharam, V.L. Low, S.C. Lee, R. Ngui, R.S.K. Sharma and Y.A.L.
Lim. 2014. Co-infection of Haemonchus contortus and Trichostrongylus spp.
among livestock in Malaysia as revealed by amplification and sequencing of the
internal transcribed spacer II DNA region. Vet. Res. 10:38.
Tariq, K.A., M.Z. Chishti, F. Ahmad and A.S. Shawl. 2008. Anthelmintic activity of
extracts of Artemisia absinthium against ovine nematodes. Vet. Parasitol. 60: 8388.
Tasawar, Z., S. Ahmad, M.H. Lashari and C.S. Hayat, 2010. Prevalence of Haemonchus
contortus in sheep at Research Centre for Conservation of Sahiwal Cattle (RCCSC)
Jehangirabad, District Khanewal, Punjab, Pakistan. Pakistan J. Zool, 42:735-739.
Taylor, M. 2012. Emerging parasitic diseases of sheep. Vet. Parasitol. 189: 2-7.
Taylor, M.A., K.R. Hunt, C.A. Wilson and J.M. Quick. 1990. Clinical observations,
diagnosis and control of H. contortus infection in periparturient ewes. Vet. Rec.
126: 555-556.
104

Terefe, D., D. Demissie, D. Beyene and S. Haile. 2012. A prevalence study of internal
parasites infecting Boer goats at Adami Tulu agricultural research center, Ethiopia.
J. Vet. Med. Anim. Health. 4: 12-16.
Terrill, T.H., M. Larsen, O. Samples, S. Husted, J.E. Miller, R.M. Kaplan and S. Gelaye.
2004. Capability of the nematode-trapping fungus Duddingtonia flagrans to reduce
infective larvae of gastrointestinal nematodes in goat faeces in the southeastern
United States: dose titration and dose time interval studies. Vet. Parasitol. 120: 28596.
Terrill, T.H., M. Larsen, O. Samples, S. Husted, J.E. Miller, R.M. Kaplan and S. Gelaye.
2004. Capability of the nematode-trapping fungus Duddingtonia flagrans to reduce
infective larvae of gastrointestinal nematodes in goat faeces in the southeastern
United States: dose titration and dose time interval studies. Vet. Parasitol. 120: 28596.
Tesfaheywet, Z. 2012. Helminthosis of sheep and goats in and around Haramaya,
Southeastern Ethiopia. J. Vet. Med. Anim. Hlth. 4: 48-55.
Thamsborg SM, 2001. Parasite control on organic sheep farms - options and limitations.
In: Hovi, M., Vaarst, M. (Ed.). Positive health - Preventive measures and alternative
strategies. Proceedings of the Fifth NAHWOA Workshop. Rodding, Denmark,
November 11-13, 2001.
Thamsborg SM, M Larsen and M Busch, 2004. Sustainable, non-chemical control of small
ruminant nematode parasites in Europe. Proceedings from an International
Workshop held at Danish Centre of Experimental Parasitology Royal Veterinary
and Agricultural University.
Thamsborg SM, SM Jörgensen, PJ Waller and P Nansen, 1996. The influence of stocking
rate on gastrointestinal nematode infections of sheep over a two-year grazing
period. Vet Parasitol, 67: 207-224.
Thamsborg, S.M. 2001. Parasite control on organic sheep farms - options and limitations.
In: Hovi, M., Vaarst, M. (Ed.). Positive health - Preventive measures and alternative
strategies. Proceedings of the Fifth NAHWOA Workshop. Rodding, Denmark,
November, 11-13, 2001.
Thamsborg, S.M., M. Larsen and M. Busch. 2004. Sustainable, non-chemical control of
small ruminant nematode parasites in Europe. Proceedings from an International
Workshop held at Danish Centre of Experimental Parasitology Royal Veterinary
and Agricultural University.
105

Thamsborg, S.M., S.M. Jörgensen, P.J. Waller and P. Nansen. 1996. The influence of
stocking rate on gastrointestinal nematode infections of sheep over a two-year
grazing period. Vet. Parasitol 67: 207-224.
Thomas, N., S. Teshale and B. Kumsa. 2007. Abomasal nematodes of sheep and goats
slaughtered in Awassa (Ethiopia): species composition, prevalence and vulvar
morphology, Helminthologia, 44: 70-75.
Thrusfield, M. 2007. Veterinary Epidemiology 3rd Edition. Black Well Science Publishers.
UK.
Tizard, I.R. 2004. Veterinary Immunology: An Introduction. 7th ed. Saunders,
Philadelphia, PA.
Torina, A., V. Ferrantelli, O.A.E. Sparagano, S. Reale, F. Vitale and S. Caracappa. 2004.
Climatic conditions and gastrointestinal nematode egg production: Observations in
breeding sheep and goats. Ann. N. Y. Acad. Sci. 1026: 203-209.
Torres-Acosta, J.F., D.E. Jacobs, A. Aguilar-Caballero, C. Sandoval-Castro, M. MayMartinez and L.A. Cob-Galera. 2004. The effect of supplementary feeding on the
resilience and resistance of browsing Criollo kids against natural gastrointestinal
nematode infections during the rainy season in tropical Mexico. Vet. Parasitol. 124:
217-238.
Ullah, S., M.N. Khan, M.S. Sajid, Z. Iqbal and G. Muhammad, 2015. Comparative
efficacies of Curcuma longa, Citrullus colocynthis and Peganum harmala against
Rhipicephalus microplus through modified larval immersion test. Intl. J. Agric.
Biol. 17: 216-220.
Urquhart, G.M., J. Armour, J.L. Duncan, A.M. Dunn and F.W. Jennings. 1996. Veterinary
Parasitology, 2nd Ed. Blackwell Science Ltd .Osney Mead. Oxford Oel, London..
Vagenas, D., F. Jackson, A.J.F. Russel, M. Merchant, I.A. Wright and S.C. Bishop. 2002.
Genetic control of resistance to gastro-intestinal parasites in crossbred cashmereproducing goats: responses to selection, genetic parameters and relationships with
production traits. Anim. Sci. 74: 199-208.
Vaillancourt, J.P., G. Martineau, M. Morrow, W. Marsh and A. Robinson. 1991.
Construction of questionnaire and their use in veterinary medicine. In: Thrushfield
MV (ed.), Proceed Soci. Vet. Epi. Prev. Medi. London.
Valcarceli, F. and C.G. Romero. 1999. Prevalence and seasonal pattern of caprine
Trichostrongyles in a dry area of Central Spain. J. Vet. Med. 46: 673-681.

106

Valderrabano, J., R. Delfa and J. Uriarte. 2002. Effect of level of feed intake on the
development of gastrointestinal parasitism in growing lambs. Vet. Parasitol. 104:
327-338.
Vallade, S., H. Hoste, C. Goudeau, C. Broqua, K. Lazard, Y. LeFrileux, C. Chartier and
E. Etter. 2000. Relationship between nematode parasitism of the digestive tract and
the characteristics of dairy goat farms in two French regions. Rev. Med. Vet. 151:
1131-1138.
Van Houtert, M.F.J., I.A. Barger and J.W. Steel. 1995. Dietary protein for young grazing
sheep: interactions with gastrointestinal parasitism. Vet. Parasitol. 60: 283-295.
Van Limbergen, J., K. Russell, E.R. Nimmo, H.E. Drummond, L. Smith, G. Davies, N.H.
Anderson, P.M. Gillett, P. McGrogan, K. Hassan,L. Weaver, W.M. Bisset, G.
Mahdi, D.C. Wilson and J. Satsangi. 2007. IL23R Arg381Gln is associated with
childhood onset inflammatory bowel disease in Scotland. Gut. 56: 1173-1174.
Van Wyk, J.A and E. Mayhew. 2013. Morphological identification of parasitic nematode.
A practical lab guide. Onderpost. J. Vet. Res. 80: 1.
Van Wyk, J.A and G.F. Bath. 2002. The FAMACHA© system for managing haemonchosis
in sheep and goats by clinically identifying individual animals for treatment. Vet.
Res. 33: 09-529.
Van Wyk, J.A., H. Hoste, R.M. Kaplan, R.B. Besier. 2006. Targeted selective treatment for
worm management--how do we sell rational programs to farmers? Vet. Parasitol.
139: 336-346.
Vanimisetti, H.B., S.P. Greiner, A.M. Zajac and D.R. Notter. 2004. Performance of hair
sheep composite breeds: Resistance of lambs to Haemonchus contortus. J. Anim.
Sci. 82: 595-604.
Vatta A.F., P.J. Waller, J.B. Githiori, G.F. Medley. The potential to control Haemonchus
contortus in indigenous South African goats with copper oxide wire particles. Vet.
Parasitol. 162: 306–313.
Vatta, A.F., B.A. Letty, M.J. Van der Linde, E.F. van Wijk, J.W. Hansen and R.C. Krecek.
2001. Testing for clinical anaemia caused by Haemonchus spp. in goats farmed
under resource-poor conditions in South Africa using an eye colour chart developed
for sheep. Vet. Parasitol. 99: 1-14.
Veldhoen, M., R.J. Hocking, C.J. Atkins, R.M. Locksley and B. Stockinger. 2006. TGFbeta
in the context of an inflammatory cytokine milieu supports de novo differentiation
of IL-17-producing T cells. Immunity. 24: 179-189.
107

Vieira, L.S. 2008. Métodos alternativos de controle de nematóides gastrintestinais em
caprinos e ovinos. Revista.Tecnologia. Ciência. Agropecuária. 2: 49-56.
Vivas, R.I., A.A. de León, F. Torres-Acosta, R. Rosario-Cruz, 2017. Potential economic
impact assessment for cattle parasites in Mexico. Rev Mex Cienc Pecu. 8: 61-74.
Vlassoff, A., D.M. Leathwick and A.C.G. Heath. 2001. The epidemiology of nematode
infections of sheep. NZ. Vet. J. 49: 213-221.
Waghorn, T.S., D.M. Leathwick, L.Y. Chen, R.A.J. Gray, and R.A. Skipp, 2002. Influence
of nematophagous fungi, earthworms and dung burial on development of the freeliving stages of Ostertagia (Teladorsagia) circumcincta in New Zealand. Vet.
Parasitol. 104: 119-129.
Waheed, A. and M.S. Khan. 2013. Lactation curve of Beetal goats in Pakistan. Archiv.
Tierzucht. 56: 892-898.
Waller, P.J and S.M. Thamsborg. 2004. Nematode control in ‘green’ ruminant production
systems. Trends Parasitol. 20: 493-497.
Waller, P.J., 2006. From discovery to development: current industry perspectives for the
development of novel methods of helminth control in livestock. Vet. Parasitol. 139:
1-14.
Waller, P.J., O. Schwan, B.L. Ljungström, A. Rydzik and G.W. Yeates. 2004. Evaluation
of biological control of sheep parasites using Duddingtonia flagrans under
commercial arming conditions on the island of Gotland, Sweden. Vet. Parasitol.
126: 299-315.
Waruiru, R., J. Ngotho and M. Mutune. 2004. Effect of urea-molasses block
supplementation on grazing weaner goats naturally infected with gastrointestinal
nematodes. Onderstepoort. J. Vet. Res. 71: 285-289.
Watson TC and BC Hosking, 1990.Evidence for multiple and anthelmintic resistance in
two nematode parasite genera on a Saanen goat dairy. N Z Vet J, 38: 50-53.
Weaver, C.T., R.D. Hatton, P.R. Mangan and L.E. Harrington. 2007. IL-17 family
cytokines and the expanding diversity of effector T cell lineages. Annu. Rev.
Immunol. 25: 821-852.
Wells, A. 1999. Integrated parasite Management for Livestock. Livestock Systems Guide.
www.attra.org/attrapub/PDF/livestock-ipm.pdf.
Wildblood, L.A., K. Kerr, D.A. Clark, A. Cameron, D.G. Turner and D.G. Jones. 2005.
Production of eosinophil chemoattractant activity by ovine gastrointestinal
nematodes. Vet. Immunol. Immunopathol. 107: 57-65.
108

Williams, A.R. 2011. Immune-mediated pathology of nematode infection in sheep – is
immunity beneficial to the animal?. Parasitology. 138: 547-556.
Wilson, D. and N. Sargison. 2007. Anthelmintic resistance in Teladorsagia circumcincta in
sheep in the UK. Vet. Rec. 161: 535-536.
Wilson, R.T. 1991. Small ruminant production and the small ruminant genetic resource in
tropical Africa. FAO Animal Production and Health Paper 88. FAO (Food and
Agriculture Organization of the United Nations), Rome, Italy. 231.
Windon, R.G.1996. The value of circulating eosinophil count as a selection criteria for
resistance of sheep to trichostrongyle parasites. Int. J. Parasitol. 26: 123-126. 55135517.
Winkelmann J, 2005. Schaf- und Ziegenkrankheiten. 3., völligüberarbeiteteAuflage.
Stuttgart (Hohenheim): Eugen Ulmer
Wolstenholme A.J. and A.T. Rogers Glutamate-gated chloride channels and the mode of
action of the avermectin/milbemycin anthelmintics. Parasitol. 131: S85-95.
Woolaston, R.R and R.L. Baker. 1996. Prospects of breeding small ruminants for resistance
to internal parasites. Int. J. Parasitol. 26: 845-855.
Woolaston, R.R. 1992. Selection of Merino sheep for increased and decreased resistance
to Haemonchus contortus: Periparturient effects on faecal egg counts. Int. J.
Parasitol. 22: 947-953.
Wooster, M.J., R.G. Woodgate and B.F. Chick. 2001. Reduced efficacy of ivermectin,
abamectin and moxidectin against field isolates of Haemonchus contortus. Aus.
Vet. J. 79: 840-842.
Wright, D.A., R.W. McAnulty, M.J. Noonan and M. Stankiewicz. 2003. The effect of
Duddingtonia flagrans on Trichostrongyle infections of Saanen goats on pasture.
Vet. Parasitol. 118: 61-69.
Yaqoob, M., F. Shahzad, M. Aslam, M. Younas and G. Bilal. 2009. Production
performance of Dera Din Panah goat under desert range conditions in Pakistan.
Tropical animal health and production, 41:1413.
Yoshikawa, T., T. Imada, H. Nakakubo, N. Nakamura and K. Naito. 2001, Rat mast cell
protease- I enhances immunoglobulin E production by mouse B cells stimulated
with interleukin-4 immune evasion by the parasite. Biochem. Biophys. Acta. 1722:
293-303.

109

Younie, D., S.M. Thamsborg, F. Ambrosini and S. Roderick. 2004. Grassland Management
and Parasite Control. In: Vaarst, Animal health and welfare in organic agriculture.
Wallingford: CABI Publishing. Chapter 14: 309-324.
Younie, D., Thamsborg, S.M., Ambrosini, F and S Roderick, 2004. Grassland Management
and Parasite Control. In: Vaarst, Animal health and welfare in organic agriculture.
Wallingford: CABI Publishing. Chapter 14, 309-324.
Yusuf, I.A. 1968. A study on the taxonomy of the species of genus Avitellina gough. M.Sc.
thesis. Department of Veterinary Parasitology, University of Agriculture,
Faisalabad.
Zajac, A.M and C.A. Conboy. 2011. Veterinary Clinical Parasitology 8 th Edition. Black
Well Publishers. UK.
Zanzani, S.A., A.L. Gazzonis, A. Di Cerbo, M. Varady and M.T. Manfredi, 2014.
Gastrointestinal nematodes of dairy goats, anthelmintic resistance and practices of
parasite control in Northern Italy. BMC veterinary research, 10:114.
Zeder, M.A and B. Hesse. 2000 The Initial Domestication of Goats (Capra hircus) in the
zagros Mountain 10,000 Years Ago. Science. 287: 2254-2257.
Zeryehun, T. 2012. Helminthosis of sheep and goats in and around Haramaya, southeastern
Ethiopia. J. Vet. Med. Ani. Health. 4: 48-55
Zhao, S., J. Sun and L. Liu, 2008. Finite-time stability of linear time-varying singular
systems with impulsive effects. Intl. J. Control. 81: 1824-1829.
Zvinorova, P.I., T.E. Halimani, F.C. Muchadeyi, O. Matika, V. Riggio and K. Dzama 2016.
Breeding for resistance to gastrointestinal nematodes–the potential in lowinput/output small ruminant production systems. Vet. Parasitol. 225:19-28.

110

