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History of Parasitology:-

The Egyptian Ebers papyrus of 1500 BC illustrates parasitic disease descriptions, which haveussebypthe
calcified helminth egg disclosure in mummies dating back to 1200 BC. Our earliest ancestors could be
knowledgeable of the larger species, such as the roundiscarisand tapewornTaenig which can be observed

with the naked eyEl].

In the 17" century, Robert Hooke invented the microscope and our life understanding and disease increased. Further
understanding of the invisible, microscopic world has been occurred after the establishment of modern microbiology
in the 19" century by Louis Pasteand Robert Kocli2]. Thanks to modern technology, there have been nearly 300
species of parasitic helminths known to be human parasite. Additionally, livestock, crops and pets are all victims of
parasitic helminthsyhich cause extreme effects on the human population ag3jell

Helminth Classification:-

Parasitic helminths are contained in the following groups: flatworms (platyhelminthes), namely cestodes
(tapeworms) andrématodes (flukes), and roundworms or nemathelminths (nematodes). The name helminth was
mainly used to stand for worms of the phyla platyhelminthes and nemathelminths; however, it has acquired an
extensive sense, being now commonly employed for all womasfias mentioned above. Below is a simple flow
chart to aid in parasitic helminth classification4f5](Fig. 1).

NO Yes
Digestive tract? Pseudocoelom
Noncellular outer
/\ cuticle
NO Yes
Cestodes Trematodes Nematodes

Figure 1: A simple algorithm fotheidentificationof parasitic helminths

Nematodes are one of the most diverse groups of organisms on the planet Withig)the animal kingdom,
nematodes are second only to the arthropods both in the species numbers and in the individual numbers present.
Some are frediving, and many arearasitic, @ausing devastating diseases and socioeconomic problemswided

[6].
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Nematodes 19% Soil

Figure 2:- An approximate percentage of nematode genera in various habitats.

Gastrointestinal nematode (GIN):

Livestock are an excerly valuable agricultural commodity in developing countries worldwide. They are raised
under diverse husbandry systems ranging from laogde intensive commercial programs to conventional small
holder and village production systems. When ruminantsegosw natural pastures, which are common aspect of
approximately all production systems, climate plays an essential role in the gastrointestinal nematode (GIN)
transmission. GINs are dominant contributors to diminished yield and can reduce the meat, dnillocin
production. All grazing ruminants are vulnerable to GIN infections at pasture and any future intensification of
pasturebased systems will likely augment the risk of GIN diseases. The restricting environmental variable
controlling the worm egg dewgbment to infective larvae is rainfall; because temperatures are always warm (i.e.
tropical and subtropical regions) enough to facilitate this process. Therefore, there is a direct correlation between the
harshness of GIN problems and rainfall in thes@regduring the wet periods of the year where livestock are raised

in the developing countries. They have direct-tifeles with the following patterns: nematode eggs are passed out
with faeces of affected animals. The nematode eggs develop'iritagelarvae on the pasture. These infective
larvae migrate onto the surrounding herbage to facilitate larvalypichnd are ingestion by the grazing ruminants

for the parasitic phase initiation of the légcle. The infective larvadtage numbers presentthre host environment

at any given period is related to nematode egg numbers passed by the grazing animal, and this widely determines the
parasite numbers potentially established in a susceptible grazing host owing to the absenparaspieand their
infective stage multiplicatiofi7]. Moreover, some of these GINs have diverse development times and stages outside
and inside the definitive host; knowledge of which is crucial for effective control measures. Nevertheless, factors
suchas age, breed, and nutritional status of the animal as well as characteristics of the environment also have a
reasonable impact on the GINs and their capacity to infect and inflict deterioration to the grazipg Bbst
Grazing sheep are perpetually infected with a walegge of nematode species, which have been the sulfject o
several review§l0; 11; 12; 13; 14]. The most important GINs found in sheep and goats are the-icgylidsH.
contortus, Trichostrongylus axei, T. colubriformis, T. vitrinus, T. capricola, Cooperia curticei, Nematodirus
filicollis and N. spathiger the hookwormBunostomum trigonocephalynthe strongylidsOesophagostomum
columbianumandChabertia ovinathe trichuridsTrichuris spp. and the oxyuri@krjabinema ovisMoreover, it has

been reported that the most important neh@tparasite in small ruminants that are reared in warm climatés is
contortus[15; 16; 17], which is also important in countries with a temperate climate, including Sweden and Canada
[18; 19]. One has to bear in mind tHdt contortusandOe. columbianunare of considerable clinical and economic
importance on sheep and goat productibin.contortus and related species belong to a large order of GINs
(Strongylida) of animals, including humans. Haemonchosis causét bgntortusrepresents ~15% of all gastro
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intestinal diseases of small ruminants weslidle and results in extensive financiakses (http://www.fao.orgH.
contortusis a bloodfeeding worm that leads to anaemia and associated complications, causing death in extremely
affected animalq20]. It causes diminished production and economic loss due to treatment costs and control
measure$21; 22].

History of H. contortusnomenclature -

H. contortuswas first charactereized in 1803 by Rudoli#8]. Primarily, the parasite was term8tongylus

contortus[24] and It was however, not until the 1900s tHatontortusbecame the approved nomenclati?®

26]. There have been different common names associatediwdbntortusjncludingb ar ber 6 s pol e wor m,
stomach worm, and wire worf@7; 28; 29].

Taxonomy:-

Haemonchus contortuslongs to the famil{frichostrongylidae as outlined belf30):
Class: Secernentea

Subclass: Rhabditia

Order: Strongylida

Superfamily: Trichostronglyloidea

Family: Trichostrongylidae

Scientific nameHaemonchus contortus

Common name: Barber pole worm

Haemonchus contortudife cycle -

H. contortuss an abomas&B1] and compartment 3 (3) blood feeding nematode of small ruminants (a-four
chambered stomach/sheep) aséuderuminants (a threehambered stomach/ camelii8}], respectively. The
common parasite name is the barpele worm on account of the white reproduetivact is wrapped around the red
bloodilled intestine give a twisted or barberpole appeardB8gFig. 3).

Figure 3:- H. contortusshowing barbepole appearance with white ovaries twisted around red, Hited
intestine (A), and male and female contortusadult recovered after necropsy (B).
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As shown in Figure 4, the parasite has a small buaty with a single tooth, called the lancet, which is made of
cuticle and is used for feeding by slicing the ovine mu¢dsh

Cervical papilla Buccal cavity with a single tooth

Figure 4:- Scanning electron micrographs (SEMs}bfcontortus-anterior end with cervical papilla and lancet
tooth, which is used to initiate blood flow for feeding.

H. contortushas separate sexes and adults can be visualized with the naked eye. Adult females are 20 to 30 mm in
length, tapered at both ends, andalisuhave a vulvar flap. Males are 10 to 20 mm in length and are tapered at the
anterior end. The posterior end of the male has a copulatory bursa and spicules with a barb at the end used to hold
open the femalebs ¢ge[Bl.tThel adult maes possgss d peculian gowbech aopllatory
bursa involving two symmetrical lateral lobes and one asymmetrical dorsglgbdheH. contortuslife cycle is
direct, and the prepatent period isAB days in small ruminants. The life cycle pattern can be categorized into four
stages; these are: tharpsitic stage (the interaction between the sheep and the parasite); the contamination stage
(eggs are passed in the faeces during defecation); thévirepstage ( larvaktages develop and survive); and the
infection stage (infective larvae are congaimduring grazing). Adult worms only live for a few months and
reproduce sexually in the host. Females may lay thousands of eggs per day that pass out in the host faeces.
contortusegg are regular, large, ellipsoidal, slightly flattened at the polesrandia not fully filled cavity of the
egg with an average size range of816x 44 46 um[34; 35]. Under ideal conditions (temperature:313€°C and
relative humidity: above 85%), larvae hatch from eggs in the f§86ks As mentioned above, the firstage larvae
(L) develop further and molt to become the seestadie larvae (1), which occur within the manure where the
larvae feed on bacteria. After a second molt, larvae become the infectivetged(L) about 5 days after passing
out in the faeces. These larvae maintain the cuticle of the second stage as a protective sheatiotediécthe b
from harsh environmental conditions and prevents it from fed@ifigFigure 5).

W 008

e 4 C LN
Figure 5:- H. contortudife-cycle stage§3g].
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(A) H. contortusegg. (B)H. contortusL 3 | ar v a. Sl ender | arva, tail sheath
tapering to point and often kinked. (8) contortusadult female vulval flap. The blue arrow is pointigthe vulval

flap. (D) H. contortusadult male bursa. The red arrows are pointing to the capulatory bursa (1) spicules used to hold
open the female worms genital opening (2).

Infective Lss rely on stored energy as they travel from the faecal mass togbtien to be swallowed by sheep

[33]. In supportive warm and humid climates, transmission can occurgead. Lss can survive in the pasture up

to one year under these conditions. Nevertheless, survival is usually weeks to a few months in cold climates.
Infective Lss undergo an exsheathment process in the forestomach and the exshgatteetrate the abwsal

mucosa and molt to the fourgdtage larvae (f), which return to the abomasal lumen and develop to dioecious
haematophagous adults witHD8 weeks following the ingestion of;£[39]. The Lss are distributed widely in the
anterior fundic area and are almost completely absent in the pyloric region; however, adult worms are distributed in
the posterior fundic region of the abomasum clésé¢he pyloric area, which may be a selection by adult worms of a
more supportive feeding site, or an avoidance of the host reaction in the area parasitized by earlitadag40).

Between 9 and 12 days after infection, the migrates badcout into the lumen and molt one final time to the-pre

adult stage (ts) under normal development conditions), which then develop into the reproductive mature adult to
finalize the life cycle.

Hypobiosis -

Haemonchus, Trichostrongylasid Teladorsagiahave developed an extraordinary adaptive mechanism, referred to

as hypobiosis or arrested larval development, to survive during harsh environmental conditions and ensure
persistence (winter cold or summer hp#t). Hypobiosis[42l can be defined as f#Athe tem
development of nematodes at a precise point in early parasitic development, where such an interruption contains a
facultative element, occurring only in certain hosts, certain circumstances, or at tievés of the year and often
affecting only a portion of the worms.o0 There are two
first is designated immunmediated arrest (nespecific). It is elicited by either hostlated or parasiteelated

factors at any time of the year. The second is designated seasonally induced arrest and occurs at the same time each
year. This type of hypobiosis is similar to diapause in insects and elicited by an external environmental stimulus
[43]. The latter seems to be the prevailing form of hypobiodis icontortug44]. Factors that may act separately or

in combination with each other to provoke hypobiotis include: a) hostelated factorssuch as host resistance,

acquired immunity, and agg45]; b) parasitaelated factors, including population density and genetic
predispositiofd6]; and c) environmental factors, such as temperature, humidity, and photoperiod length.
Environmental factors are most likely to be the triggers involved because of hypohmtaphear to be more

seasonal than immunologida6; 47]. Haemonchine hypobiosis is similar to the arrested development phenomenon
(diapauses) in insects. Diapause is an inhibition of development induced by environmental factors and considered to
be genetically controlled. This arrest in development is tearpy irreversible and may continue until either a

specific stimulus presents itself or a predetermined period of time has e]dfsethe Lss of H. contortusis able

to undergo a state of arrested developnpéfit. They remain in the abomasal mucosa in a dormant (metabolically
inactive) for 3 to 4 months, at which time they resume developribaetend of hypobiosis coincides with changes

in the weather, which causes the environment to once again become conducive to development and survival of free
living parasitic stages. Hypobiosis is beneficial to H@emonchusnfection as it is a means ofldying egg

production until the external environment is likely to permit larval development in spring, or when moist conditions
return; therefore, it is a forceful element in the condition known as spring rise in egg counts. The resumed
developmentofthbty pobi otic | arvae often results in the events
sudden pronounced surge in nematode egg counts is the characteristic features of these events as a result of the
arrested larvae massively reach the reprtdei@dult stag¢50].Spring rise occurs during the spring and although it

is commonly associated with parturition, it is also seen in-reproducing host§51]. On the other hand,
periparturient rise harmonize with parturition during the spring lambing/kidding season but magaisat other

times of the year.

Spring lambing (i.e. ewes typically breed in fall and lamb in spring) occurs concurrently with the spring rise
(periparturient riseffirst rise). Therefore, the rise in the population®téncurs with the augmented dahility of
susceptible neonates, thus ensuring transmission. During winter months, 4mast pasture will die and adult
worms inside of the host will senesce, leaving the only surviving parasites as hypoksptichlch contribute to
parasite burdensiithe springPeriparturient ewes will begin to produce eggs in faeces. About one month after
introduction to pasture, the ewes, and more importantly lambs will begin to have high fecal egg output as a result of
hypobiotic larvae emerging from the ewesl @tting as a source of infection for the larfthg. Infected lambs can
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in turn serve to establish a second rise in eggs and larvae in late summer and fall. The seasbaglibopthus
parasite load (i.e. generally heavier following these peaks) provides intervention points for treatment of sheep flocks
with antiparasitic dugs during these crucial times. Environmental conditions, including season and climate, host
immunity, and genetics have been implicagd]. Furthermore, the photoperiod, temperature, humidity, and host
immune system relaxation due periparturition and/or lactation are the triggers for hypobiotic larval emergence.
Immunity relaxation in late gestation or immunity suppression by reproductive endocrine activity are hypothesized
to play a role in larval emergence from hypobid&d]. However, the larval development may also reinitiate
spontaneously without the influence of a stimulus after a predeted length of tim@46; 47]. This aspect further
exposes the resemblance between haemonchine hypobiosis and insect diggEhus®mter hypobiosis oH.
contortushas been reported in the northern U.S.A. as aigatbory survival mechanisiib3]; however, adult worms

would be likely to survive during the unfavorable dry season (November to March) as adults with no serious
hypobiosis[56]. Hypobiotic parasites are more resistant to drugs intended for their destruction; nevertheless,
macrolide anthelmintics are the only class anthelmintics that is effective aggpebidtic Lss [41]. The
anthelmintic resistance emergence in worm populations reduces the control level of hypojsiadierihg the
extreme environmental condition. The short life cycle and the survivability of the larvae have implerented
contortusto be a highly infective GIN parasite able to cause a reasonable amount of damage to an entire ovine
population. Knowledg®f the lifecycle and environmental conditions provide producers with a number of tools to
manage GIN parasite infection in their lambs and ewes.

Pathogenesis

Haemonchosis is the disease associated with sélezentortusinfections of the ruminant abtasum worldwide

[57]. Clinical signs of disease may become more frequent following these peaks owing to higher worm burdens.
They include severe anemia, seen as pale mucous membranes, periorbital and submandibular edema resulting from
hypoproteinemia caudeby theHaemonchudbloodsucking activity, lethargy, emaciation, weakness, wool loss, and
even deatlj58]. The adult worms feed on host blood and move from one feeding site to atedliarg behind

wounds that continue to hemorrhage and resulting in anemia, which is the most common clinical sign. The volume
of blood that is lost and consumed with a heavy worm burden may result in the hosf28althe degree of

anemia relies on the abomasal worm numbers. Clinically, haemonchosis can be categorized into three types;
hyperacute, acute and chronic. The hyperacute form occurs in young and /or unhealthy lambs exposed over a short
period of time to heavy infection(ingested a massive number of L3s > 10,000), and is rare and results in lamb
deatl59]. The faecal color from these animals usually becomes dark due to digested blood and sudden death may
occur owing to tremendous blood loss. Acute cases usually occur in young lambs that get heavily infected with or
without diarrhea, but the host mounts an erythropoietic response resulting in the partially compensation for the blood
loss. The parasite burden is mild, 1,68@000 individuals, and all ages of sheep are affected, regardless of present
health status. Furéimore, anemia is accompanied by hypoproteinemia and edema, which may contribute to death.
A common remark in these casesis-sua ndi bul ar ede mg ad®ls Thg lpsanddgllan@daond t | e
adult worms are the robust blo@dicking GIN parasite; movement of the worm causes wounds and secretion of
anticoagulants resulting in a continuous haemorrhage from the abomagélljvall 2-monthold male lamb was
identified with the history of anorexia, weight loss and dark color diarrheic faeces from a local farm in Jin Zhan
village, ChaoyangBeijing, China (Fig. 6). Clinical examination revealed severe emaciation, lateral recumbent
position, and pale and anaemic mucous membranes. Parasitological examination showed ndreotstus

eggs. The animal was died one week after treatmentwiithsingle dose of ivermectin (Shijiazhuang Fenggiang
Animal Pharmaceutical Co., Ltd), and levamisole (Hebei New Century Pharmaceutical Co., LtdjhoRest
examination disclosed serious congestion, pinpoint petechial haemorrhages, and watery bltentg edth

diverse minute hair likéd. contortusworms in the abomasum. Gross lesions, such as petechial haemorrhages on
account of theHaemonchusarasite attachment and feeding behavior, and severe congestion in the abomasal
mucosa were corresponded witie earlier observatiorf§2].
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Figure 6:- Two-month old lamb died after treatment and tem examination gross anatomy.

Bloated appearance face (bilateral periorbital oedema) and ovinejtamter issoiled with faeces due to diarrhea
(A); Abomasal mucosa was severely congested; pin point petechial haemorrhages (B).

The possible pathogenic mechanism, which is responsible for cause of death in haemonchosis is hemorrhagic
anaemia, hypoproteinemia awmédema due to vital blood sucking by botks land adults. Moreover, diarrhoea
causes fluid loss and dehydration resulting in hypovolaemic qi&@kChronic haemonchosis is noticed in lambs
infected with comparatively few worms (1:A0000 individuals), and distinguished by high morbidity and low
mortality. Infected larhs are unthrifty, weak and emaciated with or without anemia relying upon the ovine
erythropoietic status. Pregnant ewes and does have elevated faecal egg counts (FEC) around the parturition time
known as the periparturient rise. Immune response agairssifi@iinfection shortly before and after parturition
appears to be compromised owing to reasons yet to be val{@dletHaemonchosis early diagnosis is fundamental

for the infected flock or herd treatment. Generally, clinical signs as well as history are essential for the diagnosis for
the acute and chronic forms of this disease. Furthermore, faecalnat@mmican also be conducted to confirm the
diagnosis. However, necropsy and looking for adult worms in the deceased animal abomasum for the diagnosis of
hyperacute haemoncho$gg].

Common diagnostic techniquesietermining how "wormy" sheep are!

Many diagnostic techniques have been currentlglanavailable, particularly in the field of molecular biology,
biochemistry and immunology. Nonetheless, they are still expensive and not applicable in conventional practice
[66]. Parasitized animals can demonstrate sevefattion signs depending on the GIN parasites present. The
general signs include rough hair coat, diarrhea, depression, weight loss, bottle jaw and anorexia. Laboratory
diagnostic findings may involve anemia (low packed cell volume), elevated faecal egg(EBC) and loss of

plasma protein.

FAMACHA® eye color chart system

The FAMACHA card was named FAMACHAE after its originat
FAMACHA chart, which depicts five illustrations of ocular membrane colors: 1: dEépnonanemic), 2: repink
(nonanemic), 3: pink (mild anemia), 4: whigenk (anemic), and 5: white (severely anemjéy; 68]. The
FAMACHA test is a shele- side testthatallowa ppr oxi mati on of the ani mal s PCV.
lower lid of the eye and examining the color of the conjunctival mucosa (mucous membrane). Level of anemia can
be roughly evaluated by observing the color of mucous membranes which ssewdiera there are a lot of
capillaries (very small blood vessels) close to the surface so that tissue color reflects blood color. In general, pale or
white membranes correlate with varying degrees of anemia, which correlate well with the burden efbtdaag

parasites (Fig. 7). These observations are part of a minimal database that will be an important aid in establishing the
nature of disease. These measurements should be made repetitively and recorded, which over time will allow
determination of impmvement or exacerbation of the underlying condition. In settings in which anemia causing
nematodes (mainlid. contortu3 are predominant, blood PCV and FAMACHA score both are good indicators of the
level of blood loss and associated problems. The FAMACHAy®tem is a selective program for managing
haemonchosis n sheep and gg&&. This system was developed in South Africa and allows owners and producers
to rank an ani mad 7M@]sThd FAMACHA carfd depictsefivei calors from red (healthy) to white
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(very anemic), which is then matched to the color of the inside of the lower eyelid of the affected animal. The score
correlates well with PCV and can be used easily in the figll The FAMACHA © system works by scoring
animals on a scale of A to E and is performed by looking at the conjunctival membranes. A skare Bfis

indicated as normal, while a score of D or E is anemic. The membranes of the eye are very pale at a score of E. It
has been shown to be an effective way of determining, which animals need deworming for haemB&His

72]. Employing this method diminishes the necessity to deworm all animals in digrdt is best to establish

routine parasite evaluations, including FEC, PCV, FAMACHA, or weight gain at specified intervals (mostly 2 to 4
weeks, depending on expected severity of problems) from parturition throughout the grazing season. Because
Haemonchuss the only parasite monitored with FAMACHA, attention should be paid to identifying and controlling
other parasites when needed (e.g., by faecal egg count [FEC] or fecal culture). Recently, strong correlation among
FAMACHA® eye scoring, PCV, and faecallture positivity has been observed. Additionally, the FAMACHA®
anaemia scoring guide can be employed to treat only severely anemic sheep reducing mass treatment and chance of
drug resistand&3].

Figure 7- FAMACHA® eye color clart being used to hek level of anemia.

In this sheep the conjunctiva of the eye is being evaluated for color (A), on a scale of A to E (with 1 = normally pink
and 5 = very pale) (B).

Body condition scores-

Determination of body condition score (BCS)in effective tool for managing both individual animals and herds. In

an individual animal, low BCS may indicate disease or poor access to feed. In a flock or herd, a trend toward low
BCSs may be indicative of inadequate feed quantity or quality or ohgeamentelated diseases, for example
internal parasitism. Hanetsn examination can be conducted to determine BCSs. BCSs were measured by palpating
(physical feeling) the level of muscling and fat deposition over and around the vertebrae in the loghizcshi

ribs and in front of the pelvis, and assigning a score-&f, Avhere a score of A is considered emaciated and E is
considered grossly obegeéd] (Fig. 8; Fig. 9; Table 1). It has been reported that changing in the body scores are
good indicators of the intensity of GIN infection in the Nigerian WAD sH&&h

Spinous process Hands-on examination

Skin

Eye muscle
Transverse process

Figure 8- Assessing body condition score by physical feeling.
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Table 1:- Body condition scoring in shed@6; 77; 79].

Physical Finding

Assigned Condition | Spinous processes Transverse processe| Loin eye Fat cover
score muscle over
loin eye
muscle
Condition A | Emaciated| Sharp and prominent Sharp Shallow None
Condition B | Thin Sharp and prominent Smooth, slightly| Medium Little
rounded depth
Condition C | Ideal Smooth and rounded Smooth, well covereq Full Medium
Condition D | Fat Palpable as firm line with Not palpable Full Thick
pressure
Condition E | Overly fat | Not palpable Not palpable Very full Very thick
A
B
C
D
E

Figure 9:- Body condition scores (BCSs) for sheep. These drawings demonstrate-semtims through the lumbar

The coprological approach is the most extensively utilized method to detect helminth eggs and larvae, protozoan

region and characterize the fat covering.
Modified McMaster egg counting for nematode egg quantitation

oocysts and cystgr9; 80; 81]. FEC plays an essential role in monitoring helminth burdens in herds and flocks,
determining thepasture contamination degree and identifying anthelmintic resisf8tr82; 83]. The McMaster
method, which developed at the McMaster laboratory of the University of Sydney, is the mostviderldtilized

FEC technique in vetarary and medical parasitology, and is supported by the World Association for the
Advancement of Veterinary Parasitology for assessing the anthelmintic drug efficacy in rurfBdgnés well as

for the anthelmintic resistance detecti@2]. This method has improved diagnostic parasitology, both arji®&al

86; 87; 88; 89] and humarj90; 91]. Several McMaster method modifications, including faecal weight and volume
and flotation solution type, sample dilution, flotation times, an additional centrifugal application, centrifugal
duration and speed, numbers of chambers of the McMaster slideed@amd different coefficients for interpretation
have introduced88; 92, 93]. Three selected modifications of the McMaster counting technique, namely the

Mc Mast er

met hod

modi fied

by

Wet z el

(W)

and

Zaj 2| ek

according to Repstorff and Nansen (R&N) have been chosen to compare their sensitivity and relialigg},by

however the method reported by Roepstorff and Nansen proved to be the more sensitive and reliabile technique

(Table 2).
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Table 2- Evaluation parameters of McMaster egg counting technique modificjfidhs

McMaster technique modifications
Wetzel (W) | Zaj 2| e k ( 4 Roepstorffand Nansen(R&N)
Amount of faeces (g) 2 1 4
Flotation solutiortype NacCl MgSQO, + NaS,0;3 NaCl + glucose
Solution specific gravity 1.2 1.28 1.3
Centrifugation (RPM) None 2,000 1,200
Centrifugation time (min) None 2/1 5
Flotation time in chamber (min) 213 5 3i5
McMaster counting chamber 3 2 2
Multiplication factor 67 33 20

Packed cell volume-

The packed cell volume (hematocig)theratio of the red blood cell volume (A) to the total blood volume (B)
(Fig.10). PCV is an essential indicator of resistance of sheklagmonchuénfection, and is negatively correlated
with FEC in sheepShakya et al. 20)1

| Plasma

- White blood cells

Total blood volume Redblood cells

B A

Figure 10:- Packed cell volume diagram

Immune response to GIN parasites

Ovine immunity :-

| t has been reported nearly-38% of neonatal lamb mortality within the first 6 months of life, a mortality rate
nearly duplicated that of mature shefg5] owing to their naive immune system. Neondaahbs are almost
completely reliant upon passive transfer of maternal antibodies through colostrum in thetfinsvrg&hs of life.

Even though maternalgerived antibodies provide protection, they synchronously hamper the newborns from
mounting their antibody respong$86], due to this inhibition, newborns are not immunized against infectious
diseases until they are at leastt 3nonth old[97]. Neonatal lambs are especially vulnerable to infection when
maternal antibodies are no longer present and have not yet begdedgieatelymount their own immune response.

The immune system consists of a wide range of diverse effector cells, tissues and organs with complex interactions
that allow a rapid response to any foreign invadéi@. The production of cytokines, and low weight signaling
proteins involved in immune cell communication by activated CD4+ T helper cells in response to intracellular or
extracellular pathogens resal in the differentiation of naive T helper lymphocytes into two subsetg]der type

1 (Thl) and type 2 (ThZRg]. Thil-type cells are responsible for the cellular immunity activation, and atyfiel
response is generally noticed in response to vir&ction, intracellular pathogens, and the delatyga
hypersensitivity activation. A Thiype response usually responds to viruses and vaccinations, and is characterized
by the cytokines L2, tumor necrosis factor (TNF), and interferan (| F N2 § in the sabilizatiom of
macrophages, T cells, and natural killer (NK) cells to promote proliferation and inflamrf@@lom Th2 response

is distinguished by the elevated production of immunoglobulin (Ig) secretion by B cells, especially IgG and IgE and
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the cytokine 1l:4, aswell as enlarged eosinophils and mast cell recruitfidd. A Th2-type response is associated

with allergic reactiong98], and is also activated upon parasitic infectj@f1]. There is a balance between the
expression of both the Thl and Th2 responses, even though challenges with diverse pathogens may modify the type
and ratio of cytokines expressed, for example thetyp2 cytokine increase dag parasitic infections.

Host response tdtHaemonchusinfection:-

Inflammation during parasitic infection is necessary in larval and adult stage mucosal worm eX@dsitirhas

been reported that a clear Ftype response in lambs repeatedly exposeld.toontortus[102, discriminated by

Th2 cytokine surges, eosinophil, mast cell and globule leucocyte -épittaelial mast cell) recruitment, and
parasitespecific IgA, 1gG1 and IgE elevated productid®3 104]. Antibodies, lymphocytes, eosinophils, globule
leucocytes and mast cells act upon larval staged. afontortusembedded within the mucosa and adult worms
residing the gastrointestinal tract lumen upon parasitic infeckdiector cells degranulate, releasing vasoactive
molecules, which physically expel GINs from the abomasal mu&$®]. Eosinophils are closely associated with

GIN infection, and activated by Th2 cytokis, such as H3 and IL-5[105. Sheep elecit an early immune response

to infection withH. contortuslarvae, represented by the CD4céll and Bcel activation in the draining lymph

nodes and eosinophil, CD4(+) and gamma d&&R,WC1(+) Fcell and Bcell recruitment. However, increases in

mast cell numbers prevail the local response during infection with the adult pat@§iteMediators released by
eosinophils include major basic protein, peroxidases, and neurotoxins, and have been demonstrated to have lethal
effects against GIN parasités vitro [106]. Mediators act as robust vasodilators, enhancing smooth muscle
contraction and subsequent abomasal parasite exp{d€@h It has been found that sheep with low egg counts had
higher numbers of circulating eosinophils, which have been also been associated with larval migration inhibition
[10§. Eosinophils and other microenvironmental factors, such as globule leucocytes-ardnlleffectively kill

GIN larvaein vivo [109. Infection withH. contortusis associated with the production of mucosal mast cells and
globule leukocytes within the Gl tract of the sh¢gp0 111]. Sheep that are more genetically resistant to parasites
have more globule leukocytes than susceptible brEed3. Mucosal mast cells, recruited from bone marrow by
Th2 cytokines, such as 44, histamine release, are eventually becoming globule leukocytes after degranulation
[110. Several studies have recorded the role of mast cell degranulation in worm explidsohl4]; however,
guantifying mast cell numbers upon necropsy is not a precise reflection of activation status and can therefore be
ambiguouq115. On the other hand|abule leukocyte quantification has been demonstrated to contribute a more
accurate measure of mast cell actiyity5.

Factors affecting host response to parasitic infectian

Age is the most substanti al factor in an animal 6s abil
develops with age; therefore, young lambs harbor the most seflionentortusinfections and account for the

bulkiest commercial lossesn@ang producers as a result of diminished weight gain and death in extremely infected
hosts[99]. The effects of haemonchosis are also more obvious in pregnant or lactating, undernourished, diseased or
stressed animals due to a compromised or underdeveloped immune [gyEBedil7]. Genetic factors also play a

role in an animal déds resistance to parasitic infection.
to have more natural resistanceaiN parasites. Resistant breeds include St. Jmii¥), Florida Native/119, 120,

and Gulf Coast Nativg8]. Resistancén these breeds is defined as diminished establishment of larvae and their
subsequent development into adult stgge4]. Nutritional status is a key component of the host immune response

and the hostds subsequent ability t p2Zmbiswettdocamentedf f ect i v
that animals on diets deficient in protein or key vitamins have a weakened capaoityliat parasitic pathogenesis,

and concomitantly GINs significantly r[E§.tLanibzféedatdibe host
high in protein harbor less severe GIN infections owing to heightened immune response. Furthermore,
Immunoglubulin (Ig) Amediated suppression of worm growth and fecundity is influenced by the quality of the diet

[124). Several studiehave shown that supplementation with protein, enddf}f], and trace elementd?26

enhances host resistance and resilience to GIN infection. Resilience is another concept relating to the ability of the
sheep to thrive in the presenceHtdemonchusnd reflects the host responseHaemonchusnfection Gray and

Gill 1993).

983



ISSN: 23205407 Int. J. Adv. Res5(3), 972-999

Distribution and importance:-

H. contortusis distributed worlelide in tropical and subtropical regions with concentrations énttapics and
subtropics where there are high temperatures and a lot of rainfall. The parasite can also be found in more temperate
areas, such as the United States. It dominates over other GINs, SiethdmrsagisandTrichostrongylusspecies in

the souteast U.S because of the warm and humid environment. The environmental temperatur@g(3)&e
optimum forH. contortus however it can be existed in temperatures as low as 10°C and as high ag336127.

The hot and dry summer, and relatively cool winter conditions frequently conktraiontortusdevelopment to

short periods of the year in Mediterranean clim@i@s, diminishingthe risk severity and duratioH.. contortusis

of relatively lesser importance in higher latitudes, owing to shorter and coteners, and more severe winters in
studies, including Canadd 29, Sweden[18], and South Dakotfl3(. On the other hand, the existencetbf
contortusin arid and semidesert areas is likely to witness its survival capacity (hypobiosis) and potentjaitfor ra
population expansiofi31]. Nearly 60 different species of both domestic and wild namis have been identified as

hosts for this GIN parasitg8]. Crosshost transmission is possible between wild and domestic hosts, for example
white-tailed deer and domestic cattledashee132. It has a wide host range cinding cattle, whiteailed deer,

bison, antelope, giraffes, and camels; however, sheep and goats tend to be the favofg83hdstsmestic sheep

appear to be the most exceptionally overwhelmed, which may be due to their grazing behaviors and strong flocking
[58].

Ruminants (pregastric and postgastric microbial action)-

The gastrointestinal tract (GIT) of animals enables them to digest food, absorb nutrients and excrete waste products.
The GIT nature is mainly determined by the food type. The stomach of carnivorous and omnivorous animals is
relatively simple (i.e. hydrodbric acid and pepsin for primary digestion). However, the sirsfdenach animals

have a modification of the lower tract, the caecum, which is inhabited by microbes, whose function is to degrade
cellulose. Some herbivores (higait fermenters) have devekgh especially large caeca (e.g. the horse) or have
other mechanisms for maximizing microbial intervention in the fiber digestion (e.g. coprophagy in rats and rabbits).
The GIT of the ruminant animals has, in addition to the caecal (postgastric) fermeraddoge organ (i.e. rumen),
inhabited by complex microbial populations, whose function is to degrade fibrous feed before it reaches the true
stomach. The anatomy of the ruminant stomach is-dalmented and the interested reader can find detailed
desciptions in diverse specialized teXts34.

Only a brief and somewhat simplified description will be presented here. Ruminants are any of the diversified cud
(fermented ingesta)hewing cloverhoofed quadrupeds of the ordértiodactyla obtain their food by browsing or

grazing, such as cattle, sheep, goats, buffalo, deer, elk, giraffes and camels that usually have a stomach that are
divided into three or four compartments. Ruarits are evetoed animal that regurgitates and masticates its food

after swallowing (rumination). A diagram of feed conversion in simple stomached animals versus ruminants is
presented in Figure 11. Unlike simggomach animals (monogastrics), such adtpg ruminants have a digestive

system designed to ferment foodstuffs and provide energy. True ruminants, including cattle, sheep, goats, deer, and
antelope, characterized by their fezirambered stomach, namely the rumen, the reticulum, the omasunheand
abomasum as viewed from outside, in Figure 5, and-tteaving” behavior. The reticlmmen chambers have a

wide variety of microorganisms that are essential for the digestion of plant cell walls and the production of volatile
fatty acids (VFAs). Onhe other hand, the omasum compartment is characterized by the presence of many folds
involved in the absorption of nutrients and water. Th
comparable to the nemuminant stomach.
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A
Sugars, amino acids, fatty acids
Carbohydrate:
Proteins Intestinal enzymes
Fats
B

(VFA)

Very little sugar
Methane

Cariolycotes e —> o Intestinal enzymes
i Feed
Proteins

Amino acids (essentially from
microbial proteins)
Figure 11:- Food digestion in mukichambered stomach animals (microbial fermentation prior to digestion in
ruminants) versus morngastric animals (nenuminant animalg)l35.

In the newborn lamb, the rumen is undeped and is small in comparison with the abomasum. The immature small
ruminants do not have a functional rumen and reticulum, and undergo reticulorumenomasal growth. Rumen papillae
(sites of nutrient absorption) lengthen and decrease in nhumbers as pamesf development. The reticulum
resembles a "honey comb" in appearance. Digesta mingle continually between both sections. Relatively little
digestive activity occurs in the omasum (many piles) (Fig. 12; Fig. 13).
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Figure 12- lllustratingthe external structure of tmemen thereticulum theomasumand theabomasumand the
relative proportions of stomach compartments in sheep at different agag-¢rd lambs (A) versus 140ay-old
lambs (B)].
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Figure 13:- lllustrating the |nterna$tructure of theumen(A) theretlculum(B) and tha)masur(C)

89"1123456

History of Sheep-

The first livestock species to be domesticated were sheep and goats about 11,000 years ago in southwest Asia. They
were primarily reared for meat; nevertheless, wool diasovered to be a beneficial product by tifeahd &

millennium B.C. in southwest Asia and Eurof#36. Sheep thespread across Europe, Asia, and into Africa,
developing intaaumerous breeds.

The mouflon Qvis orientalis orientaligroup) is a subspecies group of the valieep(Ovis orientali3. Populations
of O. orientaliscan be segregated into the mouflonsgntalis group) and thaurials (vignei group). All modern
domestic sheepreeds are most likely descended from the wild mouflon of Europe and#85tal38 139. Ovis
ariesis an entirely domesticated animal that is broadly reliant on humans for its health and survival.

Characteristics of Sheep-

Sheep belong to the order Artiodactyla with camelids, subordenirRmtia, family Bovidae, and subfamily
Caprinag[14(. Sheep have an array of sizes, colors, and breeds globally and are considered to be intermediate
grazers (i.dhaving nutritional requirements midway between grazers and browsers).

Economic importance of sheep

Sheep are a crucial part of the global agricultural econd@na Australia India, andIran have the bulkiest
modern flocks, and serve both local and global requirements for wool and mutton. However, New Zealand has
smaller flocks and retains an enormous international econiompiact because of sheep product exportations. The
conventional essential markets, including European Union (EU) and United States of America (USA) will be
enlarged by augmenting demand from developing countries, such as China, Saudi Arabia, Jordaramited
Emirates, India, Turkey and Qatgk41]. According to Food and Agriculture Organization of the United Nations
(FAO), the ten countries with the largest number of heads (esgueas a percentage) of sheep were: mainland
China, Australia, India, Iran, Nigeria, the former Sudan, United Kingdom, Turkey, New Zealand, and Ethiopia.
Interestingly, mainland China has changed dramatically from the top three producers in 1961ditseinc2014

(Fig. 14) pttp://www.fao.org/faostat).
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Production of sheep: Production of Sheep:
top 10 producers 1961 top 10 producers 2014
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Figure 14:- Top 10 sheep producers wondde.

Sheep versus goats

Goat and sheep industry have made monumental gains in productivity globallysfaibks provide humans with

meat, milk, wool and skins. Goats are wealbwn as a tough animal that can be fruitful in extreme environments
that are not appropriate for other ruminants, such as sheep anf4dtiBy comparison with sheep, goats have an
exceptional ability for walking long distances, are recognized to select the most nutritive plants and can utilize
bushes and shrujd43 (Fig. 15). Several reports showed that sheep and goats share the same species of GIN
parasite§144 145. Additionally, both sheep and goats can readily transmit GIN parasites to eac d&hén 7).
Crossinfection of resistant GIN parasites between these two hosts may occur and must be a significant cause for
concern in countries like China where goats and sheep may share the same farming syssepnef@oatowsing,

while sheep will rely almost completely on grazing pastures. Browsing diminishéstalke owing to higher
numbers of infective larvae are only found very nearby the base of pgstdeSimilarly, higher faecal egg counts

were reported in the Angora goats (grazer) compared to Sgaat¢s (browser) due to the differences in feeding
behavior{149.

Therefore, sheep are more likely to contract GIN parasiéxtions due to grazing behavior; however, goats do not
mount the same level of immune response to the GIN parasites as sheep. Several studies have compared the level of
GIN parasite infection in goats and sheep during common grazing when they pladedrse donditions. The

higher faecal strongylate egg counts of New Zealand feral goats are significantly different from those of adult
Romney sheep grazing mixed grass and clover swards with no access for bf@®@ingurthermore, other studies

have reported that goats are generally more succumbed to parasitic infection than sheep under grazifigsdystems
152). Results from another study involving Coopworth lambs and Saanen kids betva®h&monthold grazing

naturally infected pasture indicated that after approximately 6 months, Saanen kids had significantly higher faecal
egg counts than those of tmopworth lamb$153. Previous research comparing sheep and goats has found that
the averagestrongyle faecal egg counts of sheep reduced from the age of 8 months onwards whereas this only
happened in goats from 12 to1l8 months onwards under the traditional husbandry system in peninsular Malaysia
[154). Faecal egg counts in sheep declines more rapidly due to the earlier development of an effective immune
response to GINs compared to gpB55. A similar picture documented that goats are highly susceptible to GIN
infectionsin general and tdl. contortusin particular compared to shegp56. Poorly developed immunological
respones are the primary cause of their relative inability to control GIN infections, and the associated
pathophysiological consequendéd9.
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; g s i S 4
Figure 15:- Traditional method of goat and sheep housing and management.
The figure shows lambs fed concentrate diets (A), browsing goats and grazing sheep shared the same farming
system on pasture in rangeland near their owneros pren
sheep and goats confined in théieker (C).

-

Abomasal anatomy-

The abomasum is separated into three obvious anatomical parts. These are: the cardiac region, which contains a
small circular area around the omadmmasal junction, the fundic/corpic area, which is distinguished by luminal

folds covering the major part of the abomasal surface, and the pyloric area, which is the most distal part, is marked
by the existence of rugae (Fig. 16).
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Figure 16:- Inner structure anatomy of the ovine abomasum.
Histologically, the abomasal walike the rest of the gastrointestinal tract, is organized into four concentric layers
from the outside inward, which are: thenica serosathetunica muscularisthetunica submucosand thetunica
mucosa Thelamina propriahas a connective matrix suming the gastric epithelium and the feeder blood vessels.
The gastric epithelium is composed of surface epithelial cells (cuboidal to columnar cells) and gastric glands. The
cellular layer forms numerous invaginations, called gastric pits or foveolamgers draining duct of adjacent
glandular secretions to the lumen. The abomasum has two types of gastric glands according to their anatomical
location, namely the pyloric and fundic glands (Fig. 17; Fig. 18).

Figure 17:- Normal architectures were seen in the ovine abomasal tissue (fundic region). HE 40X. Bar = 10 um.
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