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INTRODUCTION 

 

Gastrointestinal Parasitism and Associated Economic 

Losses  

 

Parasites particularly those of gastrointestinal nematodes 

(GINs) have been recognized among major constraints for 

small ruminant population in terms of high morbidity and 

production losses round the globe (Aghazadeh et al. 2020). 

They directly affect the small ruminant production through 

reduced food consumption, delayed growth, low fertility, 

decreased milk production, skeletal growth, weight loss and 

mortality. Furthermore, GINs worsen the conditions where 

poor hygienic and managemental practice are there (Zanzani et 

al. 2014). Goats are more vulnerable to nematodes infection 

than 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 (Stadalienė et al. 2015). Moreover, 

influences of GINs are believed to become acute because of 

global warming (Morgan and Dijk 2012). 

Small ruminants are exposed to different species of GINs 

during grazing. Haemonchus (H.) contortus, Trichostrogylus (T.) 

axei, Teladorsagia (Te.) circumcincta, Chabertia ovina, 

Oesophgostomum columbianum, Strongyloides papillosus and 

Marsahlagia marshali are the principal nematode species in this 

regard (Zajac and Garza 2020). Globally, GINs are commonly 

found in hot, humid, temperate, tropical and subtropical areas 

(Morgan and Dijk 2012). GINs have different predilection sites 

in their hosts e.g. Heamonchus and Ostertagia inhabit abomasa 

while T. colubriformis lodges in intestine. Various parasitic stages 

of GINs nourish or feed on blood and cellular secretions of 

host leading to direct and indirect losses (Malathi et al. 2021).  

GINs affect the health and production of goats as well as cause 

massive financial and economic losses. Among direct losses, 

anemia, reduction in live weight, morbidity, production losses 

and mortality are of serious concern (Hoste et al. 2005). GINs 

negatively affect the health of animal and cause clinical and 

subclinical diseases, which ultimately lead to decrease in 

production and financial losses. In many countries, estimated 

financial loss due to parasitism includes millions of dollars 

annually. For example, the estimated loss of Australian 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 and Sweden 

(Waller et al. 2006). In UK, losses associated with 

haemonchosis and other GINs infections are £84 million 

(Nieuwhofa and Bishop 2005). In Pakistan, losses of 

approximately 8800 million rupees are attributed to GINs 

infection particularly haemonchosis (Qamar et al. 2011). 

According to some reports, approximately 26% of the goats 

have been found to expire due to haemonchosis and other GIN 

infections (McLeod 2004). On the other hand, cost of repeated 

anthelmintic treatments and poor management leads to 

parasite related indirect losses in small ruminants. 

 

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 use of 

chemical compounds such as anthelmintics drugs are 

considered as first line of treatment for GINs of small 

ruminants (Nixon et al. 2020). However, the irrational use of 

anthelmintics is the leading cause of development of 

anthelmintic resistance (AR) in small ruminants. 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. H. contortus; the 

parasite of major concern is notorious to develop resistance 

against specific as well as broad-spectrum drugs (Waller et al. 

2006; Claerebout et al. 2020). In this prospect, non-chemical-

based strategies for the control of GINs have greater scope 

and application in sustainable parasite round the globe (Imran 

et al. 2018; Burke and Miller 2020). 

In this scenario, husbandry practices, targeted selective 

treatments,   biological   control   (use  of  nematophagus  fungi, 

earth worm and dung beetles), pasture and grazing 

management, routine  parasite  monitoring  strategies (Parasitic 
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abundance assays, FAMACHA Scores), addition of nutritional 

supplements in feed, vaccine development, exploring the 

genetically resistant animals and integrated approaches are 

there to control GINs in small ruminants (Burke and Miller 

2020; Claerebout et al. 2020). 

Selective breeding of resistant breeds is an alternate tool for 

the control of GINs parasites of small ruminants. 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 

and environmental concerns. Sufficient data are available to 

support idea of breed resistance to parasites which 

demonstrates that small ruminant breeds are resistant, tolerant 

or resilient and susceptible to GI parasites (Saddiqi et al. 2010; 

Bishop 2012; Imran et al. 2018).  

 

Breed Resistance to Gastrointestinal Parasitism  

 

In the scenario of development of AR against GINs of small 

ruminants, selection of parasite resistant or resilient breed of 

sheep and goat is another auxiliary tool to control GIN 

parasites (Saddiqi et al. 2012; Zvinorova et al. 2016; Imran et 

al. 2018). Resistance from parasitological point view is known 

as host ability to limit faecal egg count during GIN infection. 

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. 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 decreases their susceptibility towards 

parasites vigour 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) defines 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). Various parameters may be used to measure 

the resistance and resilience of an animal. Faecal egg counts 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. Globally 

different breeds of sheep and goat from varying geography are 

screened for their inherent resistance to GI parasites listed as 

Table 1 and 2, respectively.  
 

Parameters Associated with Breed Resistance 

 

Faecal Egg Count 

 

Faecal egg count (FEC) is an extensively used tool for 

evaluation of breed resistance towards GINs (Zvinorova et al. 

2016; Imran et al. 2018). This is a heritable trait in sheep and 

goat (McBean et al. 2016). Its heritable ranges vary in goat 

(0.04-0.37) and sheep (0.2-0.4). Reports are available on 

heritability estimates of FEC in multiple goat breeds round the 

world. In Sannen goats of New Zealand, the estimated value of 

heritability was 0.05 in one-year goats while in case of Fijian 

goats, heritability values were 0.04-0.08 in Fiji (Bisset 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. This parameter is highly 

correlated with adult worm counts in lambs (Good et al. 2006; 

Shamim et al. 2016). 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; Prince et al. 2010). 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 susceptible to GINs parasites as compared to sheep 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 

(Saddiqi et al. 2010). Variations in FEC have been reported in 

different species 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). 

 

Packed Cell Volume 

 

The estimation of anaemia level in any individual is carried out 

by monitoring the Pack cell volume (PCV). The effects of blood 

feeding parasites are mainly estimated by determining the PCV 

(%) levels (Shamim et al. 2016; Imran et al. 2018). It is a 

phenotypic marker associated with genetically derived 

production parameters like wool growth and weight gain. 

There may be a negative correlation among PCV and FEC in 

parasite infected animals (Rout et al. 2011). 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. 2010; Imran et al. 2018). Both PCV 
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Table 1: Global distribution of some parasite resistant sheep breeds towards natural and artificial infection of gastrointestinal parasites  

Sr. No. Name of Sheep Breed Country References 

1 Garole and Sahabadi sheep India Lalramhluna et al. 2020 

2 Merino sheep Australia Brown and Fogarty 2016 

3 Arsi sheep Ethiopia Abay et al. 2015 

4 Local Awassi Sheep Iran Al-jebory et al. 2012 

5 Gulf Coast Native sheep, Canaria Hair sheep, Florida Native sheep USA Gonzalez et al. 2008 

6 Barbados Blackbelly lambs Caribe Terefe et al. 2007 

7 Texel sheep Ireland Good et al. 2006 

8 Scottish Blackface (responders) U.K. Davies et al. 2006 

9 Red Maasai sheep South Africa Mugambi et al. 2005 

10 Crioula Lanada sheep, Santa Ines sheep Brazil Bricarello et al. 2004 

11 Black Belly, INRA 401 (resistant) France Gruner et al. 2003 

12 Indigenous Sabi sheep Zimbabwe Matika et al. 2003 

13 Rhön sheep Germany Gauly et al. 2002 

 

Table 2: Global distribution of some parasite resistant goat breeds towards natural and artificial infection of gastrointestinal parasites  

Sr. No. Name of the Goat Breed Country References  

1 Teddy, Beetal, Dera Din Pannah and Nachi goats Pakistan Imran et al. 2018; Shamim et al. 2016 

2 Scottish Cashmere Tropical goats UK McBean et al. 2016 

3 Black Bengal goats Bangladesh, India Dhara et al. 2015 

4 Black Iraqi  Iraq  Al-jebory et al. 2012 

5 Local Ardi and Imported Syrian  Saudi Arabia   Al-Seaf and Khaled 2012 

6 Barbari, Local hill, Jamunapari and Barbari goats India  Rout et al. 2011 

7 West African Dwarf Nigeria  Chiejina et al. 2010 

8 Crossbred Cashmere  Scotland Vagenas et al. 2002 

9 Galla and Small East African  Africa Baker et al. 2001 

10 Savanna goats Creole goats USA Mandonnet, et al. 2001 

11 Caninde, Bhuj and Anglo-Nubian Brazil  Costa et al. 2000 

12 Thai native goat Thailand  Pralomkarn et al. 1997 

 

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). 

Imran et al (2018) determined that PCV and FEC virtuous 

indicators for estimation of naturally acquired resistance to 

GINs. 

 

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 

(Imran et al. 2018). Shamim et al. (2016) demonstrated this 

variation in different goat breeds which were exposed to 

natural and artificial infection of H. contortus. 

 

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 (Terefe 

et al. 2007). 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). 

 

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   (Mugambi   et   al  .   2005). 

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 plays key role in 

determining the maternal effects of study animals. The live body 

weight is an important tool for numbers of reasons including 

selection, breeding, feeding and health care of animals 

(Moaeen-ud-Din et al. 2006). 

 

Immunoglobulins 

 

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

immunoglobulins in response to infection with GINs (Imran et 

al. 2020). 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 (Nehra et al. 2019). 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 based. Parasite specific 

IgE as well as elevated level of IgE are considered as an 

important feature of host response during an active GIN 

infection (Miller and Horohov 2006). 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 (Fitzsimmons et al. 2014). 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 et al. 1992; 

Kooyman et al. 1997). During haemonchosis, the IgE levels tend 

to increase at 2nd to 4th week PI while IgE levels and post 
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necropsy worm counts are negatively correlated (Kooyman et 

al. (1997). Huntley et al. (1992) studied the post infection IgE 

response to artificial infection with Te. circumcincta larvae in 

sheep. In sheep, 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 were observed by Huntley et al. (1992). 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. They observed 

peak levels of aforementioned antibody at 20-27 days post 

infection. Increased levels of IgE, eosinophils and mastocytes 

are three symbols of immune response to GINS. High levels of 

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 

(Fitzsimmons et al. 2014; Motran et al. 2018).  

Cytokines produced by the T helper cell subset designated Th-

2 regulate these responses in humans and mice (Liao et al. 

2011). Mouse strains that are resistant to Trichuris (Tr.) 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 Tr. muris 

infections. The importance of 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 during infection with 

GINs that is proportionally larger as compared to other Igs 

(Cruz-Tamayo et al. 2021). 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 

(Albuquerque et al. 2019). 

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 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. 

 

Role of Circulating Cells and Cytokines 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 compared 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 GI nematodes (Robinson et al. 2011). 

During GI nematodes 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 and mucosal mast cells 

from abomasal tissues (Huntley et al. 1992). 

 

Genetic Marker for Parasite Resistance 

 

Resistance against parasites is a variable character. Phenotype 

of quantitative trait depends upon additive effect of genes. 

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 (QTL) 

was used first time for identification of genetic markers for 

parasite resistance. Previous studies suggest that QTL for 

strongyles is present on 3rd and 20th chromosome, respectively 

(Coltman et al. 2001; Davies et al. 2006). These QTLs are 

affecting the FEC and result 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. QTLs for 

resistance to internal parasites of sheep and goats are also 

reported (Dominik 2005). Based on segregation analysis; 

resistance effects for H. contortus are reported from major gene 

but confirmation through genetic 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. These 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). QTLs participate in resistance development 

against GI nematodes and are identified on more than 20 

chromosomes (Dominik 2005; Bishop and Morris 2007). These 

QTLs are present on MHC region and interferon-gamma 

(Davies et al. 2006). Creole breed genome was scanned first 

time for GI nematodes resistance and identified 13 QTLs 

involved in resistance, immune criteria and resilience (de la 

Chevrotière et al. 2012). So, resistance against GI nematodes 

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 depend upon the immune response magnitude towards 

GINs during secondary infection. Humoral immunity also plays 

important role towards resistance against nematodes. 
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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 (Wieczorek et al. 2017). 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 (Friedhoff et al. 1988; Sayers et al. 2005). MHC plays 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 2011). Bovine, caprine and ovine 

association among nematode infection and MHC is observed in 

different animal species i.e. sheep, cattle, mice and pig (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 (Sayers et al. 

2005). For regulation of immediate hypersensitivity reactions 

in humans, genes present in class II are more important as 

compared to class I (Friedhoff et al. 1988). Class II genes are 

also active in murine models of nematode infection as 

compared to class I (Yasmeen et al. 2014). 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 related with resistance. Major antigens 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. Antigens 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. 

Bovine leukocytes antigen is related with T. axei infections 

having W9 antigen (Stear et al. 1990; Yasmeen et al. 2014).  

 

Histamine Concentration and Breed Resistance 

 

The lethal effects of eosinophils against GINs are intensified by 

derivatives of mast cells primarily through histamine followed 

by T-lymphocytes and macrophages derived complement 

factors (Meeusen 1999). Histamine derived immune system 

immediately expels the parasites from host and a significantly 

higher concentration of histamine is observed in abomasal 

mucosa of resistant small ruminants. The immunological 

functions of certain immune cells like dendritic cells, B-cells, T-

cells,  epithelial  cells, granulocytes and type 2 cytokines are 

greatly affected by concentration of histamine (Miyamoto et al. 

2006).  Higher  concentration  of  mucosal  histamine  imposes  

 
 

Fig. 1: An overview of parameters used for evaluation of parasite 

resistant breeds of small ruminants towards natural and artificial 

infection of gastrointestinal parasites. 

 

detrimental effects on survival of parasitic worms in terms of 

loss of motility and fecundity, hence, facilitates the movement 

of antibodies through lumen of abomasa (Bryce et al. 2006). 

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 caused vascular permeability in 

response to parasite's antigens. Histamine was secreted during 

whole infection period in artificially infected goat breeds. 

Minimum level in blood may be observed at day zero of 

infection while maximum concentration may be seen during 2nd 

to 6th weeks post infection in goats (Imran et al. 2020). 

According to Harrison et al. (2003), higher levels of histamine 

and Abs are observed in sheep infected T. colubriformis. A 

persistent concentration of histamine in plasma of infected 

goats is reported in various studies (Harrison et al. 2003; Imran 

et al. 2020). Histamine is involved in resistance development 

again parasites, minimizing immunopathological complications 

and modification of immune responses (Bourne et al. 1974). An 

overview of some parameters used for evaluation of parasite 

resistant breeds of small ruminants towards natural and 

artificial infection of gastrointestinal parasites in given in Fig. 1. 

 

Concluding Remarks 

 

Small ruminants are considered as integral part of various 

farming systems, particularly for non-agriculture community 

and resource poor farmers. Gastrointestinal parasitism 

particularly with those of nematodes remains a major 

constraint associated with the production of small ruminants 

under grazing/browsing conditions. Considering the 

devastating effects of GINs, 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 (small ruminants) is a complementary tool used to 

control GI parasitism globally. Different breeds of small 

ruminants respond differently towards natural and challenge 

infection with H. contortus. This variation in response is the 

basis of selective breeding of resistant breeds of small 
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ruminants. Selected breeding of resistant breeds 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 conclusion, it can 

be stated that selective breeding of parasite resistant sheep and 

goat breeds should be carried out at rural as well as 

commercial level. Selectively bred animals will be more 

productive and disease resistant. This practice will not allow 

the establishment of disease and consequently may reduce the 

use of anthelmintics. This will ensure availability of chemical 

free meat and milk for human consumption. Ultimately, this 

effort will be a way forward to achieve the goal of secure food 

for human consumption. 
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