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ABSTRACT

The present study was conducted to investigate the prevalence and
pathology of various gastrointestinal parasites of domestic fowl in Ganderbal
District of Kashmir valley. A total of 100 birds were screened. The overall
prevalence of gastrointestinal parasites was 94%. Eleven different helminth
species were recorded which included five species of nematodes and cestodes
each and a single species of trematode. The prevalence of each species was:

Hetrakis gallinarum (63%),

Ascaridia galli (41%), Capillaria annulata (35%),

Acuaria hamulosa (6%), Dysphrynx spiralis (1%), Raillietina cesticillus (21%),
Hymenolepis carioca (19%), Raillietina tetragona (10%), Amoebotaenia
sphenoides (8%), Choanotaenia infundibulum (7%) and Prosthogonymus
pellucidus (5%). 100% prevalence of parasitic infections was observed in birds
scored as low, followed by medium (94.36%) and good (80%). Growers (100%)
were more frequently infected than adults (90.32%). The histopathological lesions
observed include goblet cell hyperplasia, compression and disruption of wvilli,



desquamation of epithelium, broadening and clubbing of the villi, congestion,
haemorrhages, localised edema, focal necrosis and inflammatory reactions
characterized by infiltration of mononuclear and polymorphonuclear cells. Mast
cell hyperplasia was characteristically observed in some parasitic infections
indicating local type-1 hypersensitivity reaction. Qualitative increase of
mucopolysaccharides especially of acidic type was observed in all infected
organs. Haemoglobin and total leukocyte counts revealed significant decrease and
increase, respectively, in case of mixed nematode and cestode infections. Packed
cell volume showed a significant decrease in pure nematode and mixed infections.
Total Erythrocyte count and Erythrocyte sedimentation rate showed no significant
change. Lymphocyte count observed significant increase in pure cestode and
mixed infections of nematodes and cestodes while as monocyte counts revealed
significant increase in pure infections of nematodes and cestodes. Eosinophil
counts showed significant increase in case of pure nematode and mixed infections.
Serum biochemical values revealed significant decrease in total protein and
albumin contents in case of mixed infections.
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Section of fowl crop infected with Capillaria annulata
revealing mast cell reaction in the submucosa. Toluidine
blue. X560.

Section of fowl gizzard infected with Acuaria hamulosa
revealing positivity for acid mucopolysaccharide substaces
in the glandular epithelium. Combined Alcian blue PAS.
X350.

Section of fowl gizzard infected with Acuaria hamulosa
showing glandular secretions positive for neutral
mucopolysaccharide substaces. Combined Alcian blue PAS.
X330.

Section of fowl proventriculus infected with Dysphrynx
spiralis revealing increased alcian blue positive material in
the glandular epithelium. Combined Alcian blue PAS. X330.

Section of fowl proventriculus infected with Dysphrynx
spiralis revealing increased alcian blue positive material in
the mucous membrane. Combined Alcian blue PAS. X330.

Section of fowl intestine infected with Raillietina cesticillus
revealing increased alcian blue positive material in the
glandular epithelium. Combined Alcian blue PAS. X280.

Section of fowl intestine infected with Raillietina cesticillus
revealing increased alcian blue positive material in the
glandular epithelium and desquamated material. Combined
Alcian blue PAS. X280.

Section of fowl intestine infected with Raillietina cesticillus
revealing a positive reaction for metachromasia in the
glandular epithelium. Toluidine blue. X1400.

Section of the fowl intestine infected with Hymenolepis
carioca revealing goblet cell hyperplasia strongly positive
for acid mucopolysaccharide substances. Combined Alcian
blue PAS. X350.

Section of the fowl intestine infected with Hymenolepis
carioca revealing goblet cell hyperplasia strongly positive
for acid mucopolysaccharide substances. Combined Alcian
blue PAS. X1200.
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Section of fowl intestine infected with Raillietina tetragoa
revealing increased alcian blue positive material in the
intestinal glands. Combined Alcian blue PAS. X330.

Section of fowl intestine infected with Raillietina tetragoa
revealing increased alcian blue positive material in the
glandular epithelium. Combined Alcian blue PAS. X500.

Section of fowl intestine infected with Amoebotaenia
sphenoides  revealing  positive reaction for acid
mucopolysaccharides in the mucous membrane. Combined
Alcian blue PAS. X280.

Section of fowl intestine infected with Choanotaenia
infundibulum  revealing positive reaction for acid
mucopolysaccharides in the glandular epithelium. Combined
Alcian blue PAS. X530.

Section of fowl bursa infected with Prosthogonymus
pellucidus revealing increased alcian blue positive material
in the bursal epithelium. Combined Alcian blue PAS.
X1000.

Section of fowl cloaca infected with Prosthogonymus
pellucidus revealing positivity for acid mucopolysaccharide
substances in the cloacal glands and desquamated material.
Combined Alcian blue PAS. X250.

Section of fowl infundibulum (oviduct) infected with
Prosthogonymus pellucidus revealing positivity for acid
mucopolysaccharide  substances in the epithelium.
Combined Alcian blue PAS. X280.

Section of fowl infundibulum (oviduct) infected with
Prosthogonymus pellucidus revealing a mucosal mast cell
reaction. Toluidine blue. X300.
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CHAPTER -1

INTRODUCTION

Poultry is one of the fastest growing segments of the agricultural sector in
India today. While the production of agricultural crops has been increasing from
1.5 to 2 percent per annum that of eggs and broilers has been rising at a rate of 8
to 10 percent per annum (Mehta ef al., 2003). As a result, India is now the world’s
fifth largest egg producer and the eighth largest producer of broilers. Poultry
industry occupies an important position in the provision of animal protein (meat
and egg) to man and generally plays a vital role in the national economy as a
revenue provider. Poultry is one of the most intensively reared of the domesticated
species and one of the most developed and profitable animal production
enterprises (Obiora, 1992). Its importance in national economies of developing
countries and its role in improving the nutritional status and income of many small
and marginal farmers have been recognized by various scholars and rural

development agencies (FAO, 1987; Creevey, 1991; Kitalyi, 1998).

Poultry includes chicken, ducks, geese, quails, pigeons etc. Among these
the most important is the domestic fowl which nested the human backyards since
the civilization of man. Poultry production in Africa and parts of Asia is still
distinctively divided into commercialized and village enterprise sub sectors, each

with its peculiarities.

In the twentieth century, the fowl rearing came up as a commercial sector
at the global level and its fast growth rate invited capital investments. In the
second half of the century, fowl rearing emerged as an industrial sector. Currently
the commercial poultry industry constitutes an important component of the
economy of almost all the developed and developing countries. The commercial
farming remains a venture in the urban and suburban areas involving improved,
high producing specialized breeds. The village enterprise however, consists of

indigenous domestic fowls (Gallus domesticus) variously referred to as local or



rural chickens, backyard poultry or village chickens, or free range chickens. These
refer to breeds, strains and ecotypes with no improvement history (Njue et al.,
2001) and chickens indigenous to the particular locality they are found. These
constitute a rich genetic resource base for any future genetic improvement and

production of strains adaptable to the particular ecotypes (Horst, 1988).

Poultry raising, as a livestock enterprise, is available to all farming
families including the poorest (Bell, 1992). The management of the backyard
poultry is largely the responsibility of women and children (Losada et al., 1997;
Martins, 1995). Domestic fowl (Gallus domesticus), therefore, forms the
backbone of our rural economy providing petty cash to the poor farmers
especially to the village women who are having basically no job related to income
generation. Over 90% of rural households rear chickens in small flocks of about
20 birds. These flocks are of mixed age and mostly unhoused or poorly housed.
Most village chicken production systems are based mainly on native, unimproved
domestic species which require very low levels of inputs (Sayila, 1999) leading to
low output, hence the term ‘low input/low output system’ has been coined for

backyard poultry.

The local native chicken population of Jammu and Kashmir State is 7.3
lacs out of which 63.50 per cent is in Kashmir Division alone (17" Indian
Livestock Census, 2003), being reared as backyard in scavengering system of
farming. These birds thrive on kitchen waste, damaged cereals, leftover human
foods, insects, green vegetables, leaves or occasionally provided rice, paddy or

maize as a supplementary feed.

In India backyard poultry production has increased only by 16 per cent as
compared to 150 times increase in broiler production (Ravi Kumar et al., 2002).
With the advent of a concept of sustainable and ecofriendly agriculture, it is being
realized to explore the local indigenous genetic potential to conserve indigenous
livestock genetic resources and evolve different types of birds suitable for their

own agroecological conditions and production systems (Sharma et al., 2002). A



new research focus on village chicken has developed in many developing African
and Asian countries and in China village chicken production system has been
included in mainstream agriculture. Household poultry has been included in the

FAO special programme for food security (FAO, 1997).

Production of domestic fowl is constrained by many extrinsic factors
among which malnutrition, poor management and the absence of biosecurity are
outstanding. Losses have also been attributed to limited housing and veterinary
care services. Furthermore, poor genetic potential due to lack of selection and

predation are also potential threats to productivity (Calnek et al., 1997)

Among the various diseases, parasitism ranks high among factors that
threaten the domestic fowl production (Adene and Dipeolu, 1975). Parasitism is
an extreme form of interspecific relationships in which one organism (parasite) is
metabolically dependent on the other organism (host), hence the association is an
obligatory one for the parasite throughout or during a particular stage of life cycle.
Parasites have the potential to harm their hosts (Marquardt and Demaree, 1985;
Zelmer, 1998) and may even cause premature death of the hosts (Soulsby, 1975)
but it is their ability to evade the host immune response that distinguishes them
from other symbionts (Zelmer, 1998). Parasitism in birds is a great concern
causing heavy losses and may affect hosts at the individual, population and
community level. At the individual level parasites can cause disease and death of
the host. The effects are usually density dependent and heavy infections are often
encountered in dying and dead individuals. Postmortem examinations have shown
that the free range chickens with high worm loads tend to have poor body
conditions (He et al., 1990; Permin et al., 1997b; Mukaratirwa et al, 2001).
Helminths exert their effects on the host by different ways such as blood sucking,
tissue destruction during larval migration, feeding, mechanical or chemical
irritation of contact surfaces, liberation of toxic metabolites and obstruction of
excretory ducts, air passages or blood vessels (Nielson, 1976; Kassai, 1999). The

infected organs vary considerably in their ability to compensate for the loss of



functional tissue cells, for example the gastrointestinal tract (GIT) can tolerate a
substantial number of helminth parasites than does the trachea (Soulsby, 1976).
However, heavy worm counts have been implicated to cause reduced growth and
egg production, emaciation, and anaemia (Whitmarsh, 1997; Permin and Hansen,
1998; Ruff, 1998; Irungu et al., 2004; Kaufman et al., 2007) and in severe
conditions they are reported to cause deaths in poultry (Flatt and Nelson, 1969; De
Rosa and Shivaprasad, 1999). In addition, the roles of poultry worms such as
Heterakis gallinarum has been associated with the transmission of Histomonas
meleagridis in turkeys and chicks (Denmark and Cromroy, 2006). Moreover, it
has been reported that parasitic infection or their concurrent infections result in
immunosuppression, especially in response to vaccines against some poultry

diseases.

Owing to the physical functions of the blood and its intimate relationship
with all body tissues, it is to be expected that in many, if not in all, parasitic
infections slight to extensive alterations may occur in either the formed or
unformed elements of the tissue. Various reports indicate that parasitic infections
cause leucocytosis, heterophilia, eosinophilia, erythrocytopaenia, decreased
packed cell volume, low haemoglobin value, hypoglycemia and hypoproteinaemia
(Sharma et al., 1984; Samad et al., 1986; Sekar et al., 1986; Verma et al., 1993;
Phukan, 2006; Deka and Borah 2008; Shiekh, 2009).

While there is some knowledge regarding the presence of helminth
parasites in the domestic fowl, there is a paucity of information on the
epidemiology, clinicopathology and level of helminth infections in domestic fowl
of Kashmir valley. There is also the need to constantly assess the status of village
chicken production constraints and the dynamic of their interactions. In addition,
as cofactors in other poultry diseases, the knowledge of their occurrence and
prevalence is essential in understanding the epidemiology of such diseases and the
design of their appropriate control measures. The current study was, therefore,

designed to investigate the prevalence, pathological, histochemical and haemato-



biochemical changes of gastrointestinal parasitosis in domestic fowl of Ganderbal

district of Kashmir valley with the following objectives :

1.

To determine the prevalence of various gastrointestinal parasites of

domestic fowls in Ganderbal district of Kashmir valley.

To study gross and histopathological alterations in spontaneous cases of

gastrointestinal parasitosis.
To study the histochemical alterations associated with natural parasitism.

To compare haematological values viz. Total Erythrocyte Count (TEC),
Total Leukocyte Count (TLC), Differential Leukocyte Count (DLC),
Haemoglobin Concentration (Hb), Packed Cell Volume (PCV) and
Erythrocyte Sedimentation Rate (ESR) of infected birds with those of

normal ones.

To compare blood biochemical parameters like Total Protein (TP), Serum

Albumin (A), Serum Globulin (G) and A/G ratio with that of normal ones.



CHAPTER -2

REVIEW OF LITERATURE

2.1 Prevalence

Joshi and Kamalapur (1971) studied the incidence of Heterakis gallinarum
in domestic fowls to be 0.2 per cent of the 900 fowls examined in Madhya

Pradesh.

Mutafova (1976) studied the biology of Heterakis gallinae (Schrank,
1780) and provided the evidence of greater influence of female sex on survival
rate of Heterakis gallinae than that of male sex in natural female chicken

populations in Bulgaria.

Mishra et al. (1980) in Patna, India found that 78.6 per cent of 1415 fowls

were infected with Ascaridia galli.

Ssenyonga (1982) during his studies on the prevalence of helminth
parasites of both broiler and local poultry in Uganda found that the nematodes like
Ascaridia galli and Heterakis spp. and cestodes like Raillietina spp. were most

prevalent in both the groups of birds.

Fotedar and Khateeb (1986) studied the incidence and seasonal variation
of helminth parasites of domestic fowl (Gallus gallus domesticus) in Kashmir
(India) and concluded that the percentage of infection and worm burden increased

at optimum temperature and during rainy season.

Pandit et al. (1991) studied the prevalence of helminth parasites in Desi
fowls and investigation showed average rate of infection as high as 80.00 per cent.
The prevalence of helminth parasites recorded was Ascaridia galli (28%),
Heterakis gallinarum (22%), Heterakis indica (8%), Syngamus trachea (9%),
Echinuria uncinata (1%), Capillaria annulata (4%), Capillaria caudinflata (2%),

Cotugnia diagonopora (10%) and Echinostoma revolutum (1%).



Yadav and Tandon (1991) after their thorough study on the helminth
parasitism of domestic fowl (Gallus domesticus) in a subtropical high-rainfall area
of India stated that 4. galli was the most prevalent nematode in domestic fowl in

India with a prevalence of 60 per cent.

Morgenstern and Lobsiger (1993) found that in Switzerland the prevalence
of Ascaridia galli was 24.3 per cent on free range, 8.5 per cent on deep-litter and 0
per cent in battery cages. For Capillaria spp prevalence was 29.5 per cent on free

range, 1.7 per cent on deep-litter and O per cent in battery cages.

Khan ef al. (1994) examined Chickens in Pakistan and proved 12 per cent
to be infected with Ascaridia galli.

Jacobs et al. (1997) described some of the important nematode parasites of
Poultry like Ascaridia galli, Heterakis gallinae, Capillaria annulata, Oxyspirura
mansoni, Syngamus trachea and Cheilospirura hamulosa. They also explained

their location in the gastrointestinal tract.

Permin et al. (1999) carried out cross sectional prevalence study of
gastrointestinal helminthes in Danish poultry production and confirmed the high
risk of helminth infections in free-range and backyard systems but prevalence may

also be high in deep litter systems.

Eshetu et al. (2001) studied the gastro-intestinal helminths of scavenging
chickens in four rural districts of Amhara region of Ethiopia and found that 91.01
per cent of chicks were infected with helminths with their prevalence as
Heterakis gallinarum (17.28%), Subulura brumpti (17.60%), Ascaridia galli
(35.58%), Cheilospirura hamulosa (0.75%), Dispharynx spiralis (2.62%),
Raillietina echinobothrida (25.84%), Raillietina tetragona (45.69%), Raillietina
cesticillus (5.62%), Amoebotaenia sphenoides (40.45%), Davainea proglottina
(1.12%) and Choanotaenia infundibulum (4.49%).

Mond et al. (2001) studied the maturity status and seasonality of
Raillietina permista infesting poultry at Allahabad, U.P., India and found the



infection prevalence of the cestode to be 52.63 per cent with mean worm burden
to be 46.0. They also found that the tapeworms attained the maturity during

breeding period in female and during pre-breeding period in male poultry.

Shah et al. (2001) made comparative studies on the prevalence of cestode
parasites in indigenous and exotic layers at Faisalabad, Pakistan and found that

prevalence was higher (59.4%) in indigenous layers than in exotic layers (16.0%).

Magwisha et al. (2002) compared the prevalence and burdens of helminth
infections in growers and adult free-range chickens and found that there were
significantly higher worm burdens in growers than in adults for Ascaridia galli,
Capillaria caudinflata, Raillietina tetragona, Syngamous trachea, Tetrameres
americana, Tetrameres fissispina and Trichostrongylus tenuis. Conversely
Allodapa suctoria and Capillaria annulata showed significantly higher worm
burdens. The sex of the chickens influenced the burdens of Heterakis

brevispiculum.

Nithiuthai et al. (2003) examined about two thousand gastrointestinal
tracts from native chicken sold in the avian market of Klongtoey, Prakanong,
Bangkok and recovered three groups of worms viz. intestinal flukes, tapeworms
and nematodes. Intestinal flukes comprised of FEchinostoma spp (1.0%),
Prosthogonimus spp (0.1%) and Notocotylus spp (0.1%). Tapeworms were
Amoebotaenia sphenoides (0.5%), Cotugnia digonopora (2.1%), Diorchis spp
(0.1%), Hymenolepis spp (0.9%) and Raillietina spp (14.5%). The nematodes
were of five genera viz. Ascaridia galli (7.2%), Capillaria spp (1.0%),
Gongylonema ingluvicola (4.1%), Heterakis spp (9.4%), Strongyloides spp (0.4%)

and Tetrameres americans (1.1%)

Ashenafi and Eshetu (2004) conducted a survey on gastrointestinal
helminthes of local chickens in Central Ethopia and recovered six nematode and
six cestode species. The major cestode species recovered include Raillietina

echinobothrida (65.3%), Hymenolopis containana (53.7%), Amoebotaenia spp



(37.4%), Raillietina tetragona (35.8%), Raillietina cesticillus (19.0%) and
Choanotaenia infundibulum (3.2%). The major nematode species recovered were
Ascaridia galli (55.3%), Heterakis gallinarum (32.6%), Subulura spp. (27.4%),
Cheilospurura spp. (2.1%), Dispharynx spp. (2.1%) and Capillaria spp. (1.6%).

Hassouni and Belghyti (2006) studied the distribution of gastrointestinal
helminths in chicken farms in the Gharb region, Morocco and reported the various
helminth species with their prevalence as: Notocotylus gallinarum (0.7%),
Hymenolepis carioca (3.7%), Raillietina echinobothrida (5.7%), Hymenolepis
contaniana (7%), Raillietina tetragona (9.3%), Raillietina cesticillus (12%),
Capillaria obsignata (6%), Subulura brumpti (15.3%), Heterakis gallinarum
(10%), Cheilospirura hamulosa (2.7%), Dispharynx nasuta (5.3%), Ascaridia
galli (9%) and Tetrameres spp. (3.3%). The prevalence and mean intensity of

helminth infections did not differ significantly between male and female chickens.

Dehlawi (2007) studied the occurrence of nematodes in the intestine of
local (Baladi) chicken (Gallus gallus domesticus) in Jeddah province, Saudi
Arabia and got three nematodes with their occurrence as: Ascaridia galli (34.4),

Sublura brumpti (12.5) and Capillaria caudinflata (12.5).

Luka and Ndams (2007) investigated upon the gastrointestinal parasites of
domestic chicken Gallus gallus domesticus in Samura, Zaria Nigeria and found
that out of the 92 birds examined about 62 per cent were infected with various
species of gastrointestinal parasites with species specific rates as: Raillietina
tetragona (23.9%), Raillietina echinobothrida (13.0%), Raillietina cesticillus
(9.8%), Choanotaenia infundibulum (10.9%), Hymenolepis carioca (25.0%),
Ascaridia galli (43.8%) and Heterakis gallinarum (22%).

Abdelgader et al. (2008) found the prevalence and burden of
gastrointestinal helminthes among local chickens, in northern Jordan as: Ascaridia
galli in female 28 per cent, in male 43 per cent; Capillaria obsignata 0.5 per cent;

Heterakis gallinarum 33 per cent, Amoebotaenia cuneata 4.3 per cent;



Choanotaenia infundibulum female 23 per cent, male 13 per cent; Davainea
proglottina 1.4 per cent; Hymenolepis cantaniana 11 per cent; Hymenolepis
carioca female 35 per cent, male 24 per cent; Raillietina cesticillius female 5 per
cent, male 11 per cent; Raillietina echinobothrida 16 per cent; and Raillietina
tetragona 18 per cent. The prevalences of 4. galli and Raillietina cesticillus were
higher in male than female hosts while those of Choanotaenia infundibulum and

Hymenolepis carioca were higher in females.

Salam et al. (2009a) studied the prevalence of Cheilospirura (Acuaria)
hamulosa in the indigenous chicken of Kashmir valley, India during the period of

two years and got an overall prevalence of 3.5 per cent.

Salam et al. (2009b) carried out a survey for a period of two years on the
prevalence of cestode Amoebotaecnia sphenoides in a sample size of 478 birds
collected from different localities of Kashmir valley, India. The overall prevalence
rate of the cestode was found to be 6.69 per cent (32/478) and annual occurrence
rates of 6.8 per cent (16/233) and 6.5 per cent (16/245) were respectively reported
for the 1% and 2™ years of study.

Nnadi and George (2010) in a cross sectional study recovered eight species
of endoparasites from village chicken of Nigeria with their prevalence as:
Ascaridia galli (17.2%),Heterakis gallinarum (12.6%), Capillaria. spp (5.7%),
Raillietina spp (5.7%), Syngamus treachea (4.6%), Davainea proglottina (3.45%),
Sublura brumpti (2.3%), Amoebataenia spp (1.15%).

2.2 Pathology
2.2.1 Ascaridia galli

Ackert and Herrick (1928) studied the effects of the nematode Ascaridia
lineata (Schneider) on growing chickens and concluded that infections with this
nematode may cause reductions in the growth and weight loss which may be
related to the damage of the intestinal mucosa, leading to loss of blood and

probably secondary infections.
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Kadziolka (1960) described the histopathology of ascaridiasis in chicken

and observed microscopical changes in the wall of intestine.

Ikeme (1971) studied the pathogenicity and pathology of Ascaridia galli
and found hemorrhagic lesions, and destruction and erosion of the glandular

epithelium by the migrating larvae.

Matta (1980) carried out studies on Ascaridia galli infection of chick with
special reference to its histopathology and found that after 7 to 15 days of
infection with Ascaridia galli, there were gross petechial lesions and generalized
edema in the intestine and after 90 days of infection, the lesions diminished and

ultimately there was only a thick layer of mucin.

Mishra et al. (1980) worked on pathogenicity of Ascaridia galli in poultry
in Patna, India and found that fowls infected with Ascaridia galli, showed
pronounced sloughing of the intestinal epithelia, infiltration of lymphocytes,
macrophages and histiocytes in lamina propria and proliferation of fibroblasts in

the submucosa.

Soulsby (1982) reported that in ascaridiasis intestinal mucosa reveals

inflammatory lesions and focal hemorrhages caused by the burrowing of parasites.

Dahl et al. (2002) studied the effect of concurrent infections with
Pasteurella multocida and Ascaridia galli on free range chickens and found that
A. galli infection followed by a secondary infection with P. multocida resulted in

more birds with pathological lesions and continued P. multocida excretion.

Arunachalam et al. (2003) carried out an experiment to study the
histopathological changes in broiler chicken with infective stages of Ascaridia
galli eggs. Histopathological changes revealed mild to moderate goblet cell
hyperplasia, disruption of villi, desquamation of epithelium, infiltration with
mononuclear cells, focal necrosis, congestion and hemorrhage in the mucosa,
submucosal edema, squamous metaplasia of lining epithelium cells and cystic

changes of mucosal glands.
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Permin et al. (2006) worked on the consequences of concurrent Ascaridia
galli and Escherichia coli infections in chickens and concluded that the infections

are characterized by airsacculitis, peritonitis and/or polyserositis.

Adang et al. (2010) studied histopathology of Ascaridia galli infection on
the liver, lungs, intestines, heart, and kidneys of experimentally infected domestic
pigeons in Zaria, Nigeria ad observed hemorrhagic lesions in intestines. The
infected pigeons had necrosis of the intestines that involved the villi, intestinal
glands and the muscularis mucosa. There were mononuclear and

polymorphonuclear cells in the necrotized areas.
2.2.2 Heterakis gallinarum

Soulsby (1968) stated that the direct effects of Heterakis gallinarum are
slight and only in heavy infection there may be thickening of the caecal mucosa

with a number of petechial hemorrhages on the surface.

Kaushik and Deorani (1969) worked on the tissue responses in primary
and subsequent infections with Heterakis gallinae in chickens and on the process
of formation of caecal nodules and reported that the causes for the appearance of
granulomatous nodules would be continuous reinfections with H. gallinarum

provoking a tissue phase for the parasite.

Joshi and Kamalapur (1971) studied gross and histopathology of the
organs infected with Heterakis gallinarum which revealed prominent erosion of
the epithelial lining, atrophy of the villi and preponderance of the lymphocytes in

the mucous membrane near the worm.

Menezes et al. (2003) studied the histopathology associated with the
Heterakis gallinarum and Heterakis isolonche in Pheasants. The histological
sections revealed necrotic areas with cholesterol clefts in the submucosa, giant
cell granuloma in the submucosa and serosa was centralized by necrosis and

worm sections and nodules in the muscular and submucosa.

Brener et al. (2006) studied the pathology of the nematode Heterakis
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gallinarum, in the turkey, and reported that the histological findings in the caeca
were represented by the presence of Heterakis gallinarum worms, intense chronic
diffuse inflammatory processes with mononuclear and polymorphonuclear

leucocyte (heterophils) infiltrations.

Rabbi et al. (2006) investigated gastrointestinal helminths infection in
different types of poultry and found that pathological lesions included tiny, white,
circumscribed nodules of about 2-3 mm of diameter in the caecal mucosa in case

of Heterakis gallinarum infection.
2.2.3 Capillaria annulata

Cram (1936) made certain studies on the species of Capillaria parasite in
the upper digestive tract of birds. He reported marked necrosis and sloughing of
the epithelium of the oesophagus and crop in bobwhite (Colinus virginianus)
infected with Capillaria contorta and also found that a thin connective tissue
capsule surrounded adult worms. Lymphocyte and mononuclear infiltration was

seen everywhere.

Pizarro et al. (2000) studied histopathology of the upper digestive system
in Capillaria contorta parasitism in red-legged partridge under farm conditions in
Spain and concluded the fundamental epithelial lesion consisted of spongiosis of
the oesophagus and crop. In the individual with proventricular parasitism,
epidermal metaplasia was also seen. The inflammatory reaction observed in the
lamina propria was discrete and diffuse, except in those cases in which epithelial

necrosis and bacterial colonies were detected.

Pito et al. (2008) studied the pathology of Capillarid nematodes
Baruscapillaria obsignata and FEucoleus annulatus in Brazilian turkeys and
reported that lesions due to Baruscapillaria obsignata mainly consisted of the
thickening of intestinal villi with a mild mixed inflammatory infiltrate with the
presence of mononuclear cells and heterophils. The lesions induced by Fucoleus

annulatus were represented by foci of inflammatory infiltrate with heterophils in
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the crop epithelium and esophagus of a single infected female.
2.2.4 Acquaria hamulosa

Padhi et al. (1987) studied the pathology caused by nematode
helminthiasis in Desi fowls and concluded that the gross pathological changes
consisted of nodule formation in the musculature of the caudal lobe of the gizzard
in Acuaria hamulosa infection. The microscopic changes caused by A. hamulosa
infection consisted of chronic inflammatory changes with marked infiltration with

large number of reactive cells in the proventriculus and gizzard.

Menezes et al. (2003) worked on the pathology and frequency of
Cheilospirura hamulosa (Nematoda, Acuarioidea) in Galliform hosts from
backyard flocks and reported that the infections of this parasite was associated
with severe lesions in the gizzard such as haemorrhages, ulcers and thickening of
the mucosa and cuticle and single yellowish nodules on the caudoventral muscle.
The microscopic lesions were characterized by chronic diffuse inflammatory
processes and ulcers in the mucosa and granulomas in the muscular, submucosa

and serosa layers of this organ.

Brener et al. (2006) studied the occurrence and pathology of Cheilospirura
hamulosa (Diesing, 1851) (Nematoda, Acuariodea) in turkeys in Brazil and
concluded that the microscopic lesions of the gizzard were severe and
characterized by intense chronic diffuse inflammatory mixed granulocyte

infiltrations, extending to the muscular layers.

Salam et al. (2009a) showed that lesions associated with Cheilospirura
(Acuaria) hamulosa include discrete and coalescing nodules in the infected
gizzard with cellular reactions characterized by large number of lymphocytes,
monocytes, plasma cells, heterophils and in some sections severe eosinophilic
reaction.

2.2.5 Dysphrynx spiralis

Soulsby (1982) stated that in severe infections of proventriculus with
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Dysphrynx spiralis deep ulcers are seen, in which the anterior extremities of the
worms are embedded. There is an extensive destruction of the glands and marked

cellular infiltration of the underlying tissues.

Ramaswamy and Sundaram (1984) studied the histopathological changes
in the proventriculus of fowls given experimental monospecific infection with
Acuaria spiralis and observed an acute inflammation due to the migration of 3™
and 4™ stage larvae in the initial stages of infection. They reported that there was a
severe non-keratinizing squamous cell metaplasia of the lining epithelium with
pronounced granulocytic infiltration at 4 to 8 days post infection. As the disease
progressed there was extensive fibroplasia in the organ. They also found that by
50 to 100 days post infection pedunculated fibroadenamatoid growths developed

in the mucosa obliterating the entire lumen of the organ.

Bawe et al. (2005) studied the pathology of Dyspharynx spiralis in guinea
fowls and found that the parasites were embedded in the mucosa of the
proventriculus. Lesions included discolouration, ulceration and petechial
haemorrhages. Histopathology revealed degeneration of the submucosa and

necrosis of the tissues of the proventricular gland.
2.2.6 Raillietina spp.

Gray (1976) studied the cellular response of the fowl small intestine to
primary and secondary infections of the cestode Raillietina cesticillus and
observed the mononuclear leukocyte infiltration in the tissues around the worm

scolices.

Jha et al. (1981) studied the histopathology of poultry intestine in
cestodiasis and revealed degeneration of epithelial cells, infiltration of
macrophages and lymphocytes and proliferation of connective tissue of the

intestine infected with Raillietina tetragona and Raillietina cesticillus.

Bawe et al. (2005) observed lesions associated with gastrointestinal

parasites of Guinea fowls (Numida meleagris galeata) in Zaria, Nigeria and
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reported that Raillietina species were attached to the mucosa of the ileum. Gross
lesions observed were haemorrhages, thinning of the mucosa and oedema of the
serosa. Histopathology included swelling and flattening of the intestinal villi as

well as cellular (eosinophillic) infiltration of the superficial mucosae.

Anwar et al. (2000) studied the pathology of Raillietina tetragona
infection in layers and the lesions observed were pin point haemorrhages,
catarrhal enteritis, desquamation of villi and submucosal glands, congestion,

cellular infiltration and granulomas.

Salam et al. (2010) worked on the pathology of Raillietina cesticillus in
indigenous chicken (Gallus gallus domesticus) in the temperate Himalayan region
of Kashmir and found that lesions in the intestines were characterized by varying
degrees of degenerative changes to sloughing of mucosa in heavy and multiple
infestations. In cases with higher parasitic load, partial villous atrophy with
broadened surface and increased vascularity was observed in the duodenum and
jejunum. At the site of parasitic attachment, the epithelium and glands were
disintegrated. The inflammatory reaction was characterized by predominant
heterophil presence especially in the areas of mechanical damage by scolices.
Sparse infiltration of mononuclear cells, chiefly lymphocytes, and eosinophils was
observed throughout the mucosa, especially in the lamina propria. Infiltration was

not observed in muscularis or serosa.
2.2.7 Choanotaenia infundibulum

Mcorist et al. (1984) studied Choanotaenia spp infestation of Australian
finches (Estrildidae) and found marked distension of the duodenum caused by 20-
40 parasites and fluid filled distal intestines. Histological examination of the

duodenum revealed inflammation.

Shiekh (2009) studied the pathology of intestines infected with
Choanotaenia infundibulum and reported the presence of catarrhal exudates in the

intestinal lumen and the anterior ends of the parasites penetrating into the mucosa.
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The necrotic foci were evident at the point of attachment. Histopathological
sections revealed atrophy of the villi. The lining epithelium revealed degenerative
changes. Necrosis of the mucosa was observed at the site of penetration of the

cestode.
2.2.8 Amoebataenia sphenoids

Anwar et al. (2000) studied the pathology of cestode infection in
indigenous and exotic layers and observed that mucosa of duodenum appeared
rough and pale in Amoebataenia cuneata infection while as histopathological

lesions observed were desquamation of villi and submucosal glands.

Rabbi et al. (2006) investigated gastrointestinal helminth infection in
different types of poultry and pathological lesions were found only in backyard
poultry. Pathological changes were detected in case of Amoebotaenia sphenoides
and Heterakis gallinarum infection. In Amoebotaenia sphenoides infection

petechial hemorrhages were observed in the mucosa of the duodenum.

Salam et al. (2009b) showed that histopathological sections of the
domestic fowl infected with Amoebotaenia sphenoides revealed the scolices
burrowing deep into the mucosa. Disintegration of epithelium and glands, and

infiltration of mononuclear cell was prominent.
2.2.9 Hymenolepis carioca

Pinto et al. (2008) studied the pathology of Hymenolepis contaniana in
Brazilian turkeys. The lesions consisted of mild mixed inflammatory reaction with
the presence of mononuclear cells and heterophils or severe transmural
inflammatory processes characterized by the presence of mononuclear cells along

the muscular and serosa layers of intestines.
2.2.10 Prosthogonymus spp

Soulsby (1965) reported marked exudative, desquamative and eosinophilic

inflammation of the oviduct in Prosthogonymus spp. infection. Histologically,
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marked oedema with infiltration of cells into the interstitial tissue of mucous
membrane of the oviduct, especially in the albumin secreting region (pars
albuminifera) was seen. Further, reduction in the glandular elements was reported.
Similar changes were reported in the isthmus along with atrophy of the uterine

glands.

Leok et al (2002) studied the morphology of the oviduct fluke,
Prosthogonimus ovatus, isolated from Indonesian native chickens and also studied
the histopathological changes in the infected chickens which revealed polypous
elevations, degeneration and exfoliation of the mucous epithelium of Bursa of
Fabricius in addition to the stratification of the mucous epithelium and interstitial

cell infiltration.
2.3 Histochemical Studies

Matta (1980) studied some histochemical changes in the small intestine of
chicks experimentally infected with Ascaridia galli and Echinoparyphium sp. He
found that in chickens infected with Ascaridia galli, there was little change in the
amount of acid phosphatase in the intestine but the alkaline phosphatase was
increased around the parasites and in the damaged tissues. It was reduced when
the parasites matured. In Echinoparyphium infection the alkaline phosphatase was

increased at the sites of attachment but the acid phosphatase was unchanged.

Lee et al. (1986) propounded that mast cells are major effector cells in the

immune response to infection with helminths.

Tuli et al. (1992) made histochemical studies of intestines in cestodiasis of
poultry wherein Alcian blue periodic acid Schiff (AB PAS) stained sections
showed increased alcian blue positive material near the parasitic infestation in the
mucosa indicating degenerative and necrotic changes. Bromophenol blue stained

sections showed depletion of basic proteins in the cytoplasm of the epithelial cells.

Grencis (1997) proved that expulsion of intestinal parasites is temporally

associated with an increase in the number of mast cells in the intestine and
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secretion of mast cell proteases and leucotrienes into the tissues and serum.

Dezfuli (2010) studied the response of intestinal mucous cells to the
presence of enteric helminthes and their distribution in fish. He found that the
number of mucous cells close to the site of parasite attachment within the intestine
was significantly higher than the number detected in uninfected fishes and in
infected individuals at sites 1 cm or greater from the point of parasite attachment.
There were no significant differences between the numbers of mucous cells found
at the latter two sites. It was observed that alcian blue and periodic acid-Schiff’s
staining of representative histological sections revealed a significant increase in
the number of mucous cells staining positively for acid glycoconjugates compared

to the number of cells found in the intestines of uninfected Salmo trutta.
2.4 Haemato-biochemical studies

Ackert and Wissseman (1946) performed certain experiments involving
testing of parasitized and control fowls to test their tolerance to moderate
infections of ascarids and tapeworms. The criteria for judging the tolerance
included growth, blood sugar level and haemoglobin content of parasitized fowls
comparable to those of the control chickens. The criteria for the tapeworm tests
included also differential blood counts. They concluded that chickens of 23 days
age were able to tolerate infections of from one to 46 Ascaridia galli worms
without manifesting definite harm from the worms in four weeks. Similarly
growing chickens parasitized at 40 days of age were not significantly harmed by
infections of from two to 172 Raillietina cesticillus tapeworms during a period of

eight weeks.

Ramaorao and Cohly (1953) carried out serial studies on chicks infected
with Plasmodium gallinaceum and showed a fall in total protein concentration. A
loss of albumin together with no increase in total globulin contents was

demonstrated.

Berghen (1966) studied the influences of Capillaria obsignata infection
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on serum constitution of two species of birds viz. chicks and pigeons and revealed
that infected pigeons showed a marked decrease in total proteins and albumin
content, while globulins evidenced small changes (not significant). In contrast
infected chicks showed elevated total protein levels. While albumin fractions were
relatively constant, total globulins was considerably higher than in control

animals.

Bhowmik et al. (1982) conducted studies on the pathobiology of chicks
experimentally infected with Raillietina cesticillus, and noted a significant
increases in heterophills and eosinophils at the early stage followed by progressive
decrease of heterophills and a concomitant increase of lymphocytes at the latter
stage of infection. They also recorded a significant hypoglycemia and

hypoproteinaemia in the infected birds.

Sharma et al. (1984) carried out the blood cellular and biochemical studies
in chicken experimentally infected with Toxocara canis. They reported decreased
Hb, PCV, corpuscular volume, corpuscular hemoglobin concentration, total serum
protein, heterophills, serum albumin and albumin: globulin ratio; increased total
leukocyte count, erythrocytic sedimentation rate, esonophills, monocytes,

lymphocytes, serum globulin and mean corpuscular haemoglobulin.

Samad et al. (1986) found that blood profile of the domestic fowls infected
with Raillietina echinobothrida revealed anemia with a significant increase of

total leukocyte counts and decrease of total serum protein.

Sekhar et al. (1986) evaluated blood hemoglobin levels in chickens
naturally infected with Raillietina spp, Choanotaenia infundibulum, Hymenolepis
carioca, Cotugnia digonopora and Ascaridia galli. They observed that in
cockerels, single infection with Raillietina echinobothrida, Raillietina cesticillus
and Choanotaenia infundibulum significantly decreased Hb levels whereas Hb
levels were significantly increased by Raillietina tetragona and Hymenolepis

carioca. They also reported that multiple infections tended to decrease Hb levels.

-20 -



In infected pullets, in general, infection was associated with reduced Hb levels

except in case of Raillietina cesticillus infection.

Ramadan et al. (1991) studied pathological and biochemical alterations
following experimental infection with Ascaridia galli in chickens and observed a
decrease in the level of glycogen and protein in muscles. The author related the

observation to the parasite’s capacity to survive on host metabolites.

Verma et al. (1993) studied the biochemical changes in chicken
experimentally infected with Ascaridia galli and found that Hb, PCV, TEC, DLC,
serum proteins, albumin, globulin and albumin:globulin showed no significant
change. However TLC, eosinophils and monocyte counts and levels of alkaline
phosphates increased in the infected and untreated birds. The values, however,

returned to normal after treatment.

Phukan (2006) reported that the chicken infected with Heterakis
gallinarum revealed decrease in Total Erythrocyte Count, Haemoglobin
Concentration, Packed Cell Volume and Erythrocyte Sedimentation Rate with an

increased Total Leukocyte Count, Lymphocyte and Eosinophil counts.

Deka and Borah (2008) studied haemato-biochemical changes in Japanese
quails and chickens due to Ascaridia galli infection and found that PCV, TEC and
Hb showed a significant decrease while as TLC showed a significant increase in
the infected groups of quails and chickens. Biochemical study showed that total
serum protein and serum albumin (A) levels decreased significantly in all the
infected groups. Serum globulin (G) and A/G ratio failed to show any significant

difference between control and infected groups of quails and chickens.
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CHAPTER -3

MATERIALS AND METHODS

3.1 Study area and Sampling

The bird population under study comprised of free domestic fowls in
Ganderbal District of Kashmir valley. Ganderbal is a newly formed district of the
state of Jammu and Kashmir. It is located at 34°14'N 74°47'E / 34.23°N 74.78°E.
It has an average elevation of 1,619 metres (5,312 ft.) above mean sea level. The
district was divided into 3 strata representing only 3 Tehsils namely Ganderbal,
Lar and Kangan of the said District. The sampling included randomly selected
birds from different villages of all the 3 strata (stratified random sampling). For
sampling purposes the birds were categorized into growers aged 12-24 weeks and
adults aged 32 weeks or above. Growers were those chickens that were old
enough to fend for themselves but had not started reproducing, whereas adults
included cocks that were mating and hens that had had at least one clutch of

chicks.

All birds in the study area were housed in the backyard. The feed (cereals)
was supplemented in the morning and in the evening. The remaining time of the
day the chickens were allowed to scavenge freely at the homestead and the area
around where they picked up feed like insects, arthropods, earthworms, different
larvae, grasses, leaves, various grains etc. Besides all farmers provided, household
wastes like table and kitchen remains to their birds. No preventive treatment was

recorded to be done by the investigated farmers.
3.2 Clinical examination

Thorough clinical examination of the birds included in the study was
performed before slaughter in order to detect any clinical signs of disease. The
volume of the pectoral muscle was determined on palpation and body condition of

the birds was scored as low, medium and good (Fig. 1).
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1 Low body condition -) Highly prominent keel bone with
wasting of breast muscle mass.

2 | Medium body condition ) Prominent keel bone with reduced
breast muscle mass.

3 | Good body condition (++) Low palpable keel bone with full
breast muscle mass.

3.3  Clinical samples

Blood samples were collected by veinupuncture directly from the alar vein
(wing vein), with the help of disposable syringe using 22 gauge needles in sterile
vials containing sodium salt of ethylinediaminetetraaceticacid (EDTA) (@2
mg/ml blood). 2 and 2 ml of blood was collected. One ml of blood was preserved
for haematology in vials whereas one and a half ml of blood was allowed to
coagulate for separation of serum to study serum chemistry. Sera was harvested
by keeping the test tubes containing fresh blood in slanting position over night at

room temperature and then stored at -20°C until further use.
3.4  Haematobiochemical studies

All the blood samples were analysed for hemoglobin (Hb), Packed Cell
Volume (PCV), Erythrocyte Sedimentation Rate (ESR), Total Erythrocyte Count
(TEC), Total Leukocyte Count (TLC) and Differential Leukocyte Count (DLC).
Hb estimation was done by Sahli’s acid haematin method, PCV and ESR by
wintrobe tube method (Bernard et al., 2000). TEC and TLC were done using
Neubaur’s hemocytometer and Toluidine blue (0.015%) saline as diluent (Brar et
al., 2002). The blood films were stained with Wright’s stain (Benjamin, 1985) for
DLC.

Serum samples were analysed for total protein (TP), albumin (A), globulin

(G) and A/G ratio.

Total protein content of the plasma of birds was estimated by the Biuret
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method (Commercially available kit from Aspen Laboratories). The reagents were

pipetted into dry clean test tubes labeled as blank (B), standard (S) and test (T) as

under :
Reagent Blank Standard Test
Total protein reagent 3.0ml 3.0 ml 3.0ml
Distilled water 50 ul - -
Total protein standard (6 mg/dl) - 50 ul -
Sample Plasma - - 50 ul

The tubes were incubated at 30°C for 10 minutes and the optical density of
all the tubes was measured at 540nm against blank adjusted to zero and total

protein value of the sample was calculated by

Total proteins = O(')DA x6.0mg /dl

DStd

The plasma albumin was estimated by the BCG method. Three test tubes
were selected and labeled as blank, standard and test, then the reagents were

pipetted into the test tubes as shown under

Reagents Blank Standard Test
Albumin reagent 4 ml 4 ml 4 ml
Distilled water 0.02 ml - -
Albumin Std. (4 mg/dl) - 0.02 ml -
Sample Plasma - - 0.02 ml

The tubes were mixed well and allowed to stand for 5 minutes at room
temperature. The absorbance of all the tubes was measured at 630 nm against

blank. The total albumin content of the sample was given by
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Plasma albumin = Absorbance of test x4mg/dl

Absorbance of standard.

Globulin was simply estimated by subtracting total protein value with the

total albumin value.
3.5  Post mortem and parasitological examination

Post-mortem examination was performed according to Fowler (1996).
After slaughtering the birds by halal method, the trachea, abdominal and thoracic
cavities were opened, followed by systematic necropsy examination which
included oesophagus to the gizzard, the small intestine (duodenum, jejunum and
ileum), the caeca, the ileocaeca-colic junction to the cloaca and the oviduct. Each
section of the alimentary tract was then cut and placed in a separate labeled Petri-
dish, slit open and the contents washed gently into a Petri-dish. The mucosal
scrapings were also added to the contents of respective petridishes to collect the
helminthes embedded in the mucosal layer. The serosal surface of the
proventriculi was examined carefully for the presence of embedded Tetrameres
spp. The keratinised layer of the gizzard was removed for detecting the presence
of Acuaria hamulosa. The parasites were collected from petri dishes by repeatedly
washing the contents with water and decanting the supernatant after
sedimentation. The collected parasites were kept in saline till they were fixed. All
the helminths were counted before being fixed in 70% ethanol for further

identification (Soulsby, 1982).
3.5.1 Fixation and preservation of parasites

Nematodes, Cestodes and trematodes were fixed in warm 30% alcohol and

then preserved in 70% alcohol.
3.5.2 Processing and mounting of parasites

Temporary mounts were made in case of nematodes. The nematodes were

dehydrated in ascending grades of alcohol (70%, 90% and absolute). After
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dehydration parasites were cleared in lactophenol and mounted in Canada balsum

or Dextrin Plasticized Xylene (DPX).

Permanent mounts were made in case of trematode and cestodes. In case
of cestodes scolex, few immature, mature and gravid segments were used for

making permanent mounts.

For making the permanent mounts of the cestodes and trematodes, the
specimens preserved in 70% alcohol were first hydrated by passing them through
the descending series of alcoholic grades viz. 50 and 30% and were then washed
in distilled water. After washing, the specimens were stained with Bullough’s
acetoalum carmine stain (Gray, 1954). The specimens were kept overnight in
dilute stain (1 part of acetoalum carmine in 10 parts of distilled water) to get the
specimens slightly over stained, which helped in controlled differentiation by
destaining them in acid water (1%) to clear out the various organs. Destaining was
stopped when the boundaries of internal organs were seen. After destaining, the
specimens were again washed in the distilled water and then passed through the
ascending series of alcohols i.e. 30, 50, 70, 90 and 100%. After dehydration the
specimens were transferred to clove oil for clearing. The cleared specimens were
then mounted in Canada balsum or DPX. A few parasites were also stained with

Borax carmine by the same method as described above.

All parasites were identified using the helminthological keys of Chabaud
(1978), Anderson and Bain (1982), Soulsby (1982), Calnek et al. (1991),
Anderson (1992) or Khalil et al. (1994).

3.6 Pathology
3.6.1 Gross pathology

The affected parts of the gastrointestinal tract were examined for any gross

alterations associated with the parasitism. Gross lesions, if any, were recorded.
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3.6.2 Histopathology

For studying the pathological effects of the parasites on the host tissue, the
infected tissues (oesophagus, crop, proventriculus, gizzard, duodenum, jejunum,
ileum, caecum, cloaca, bursa and oviduct) with in-situ parasites or with parasitic
lesions were collected and preserved in 10% formalin. The tissue after fixation
were cut in pieces of 2-3 mm thickness and washed for several hours before
subjecting to dehydration in ascending grades of alcohol. Clearing of tissues was
performed in benzene, embedding was done in paraffin. Sections of Sum
thickness were cut and stained with routine Harri’s Haematoxilin and eosin

method (Luna, 1968).
3.7  Histochemistry

Parallel tissue sections were specially stained for following histochemical

observations
3.7.1 Demonstration of Iron by pearls stain (Luna, 1968)

Sections were immersed in 10% potassium ferrocyanide solution for 5
minutes and then in 10% postassium ferrocyanide and 10% HCL (7:3 ratio) for 20
minutes. Slides were rinsed in distilled water and counterstained with saturated
solution of picric acid for 15 minutes. Dehydrated slides were cleaned in xylene (2
changes) and mounted in DPX. The results of the staining were recorded as iron-
detectable and only siderocytes detectable.

3.7.2 Demonstration of Acid and Neutral Mucin by Combined Alcian Blue

PAS stain (Bancroft and Gamble, 2002)

After dewaxing, sections were brought to water and put in alcian blue for 5
minutes. Slides were washed in water and then distilled water and then put in
aqueous periodic acid for 5 minutes. After rinsing well in distilled water slides
were put in Schiff’s reagent for 15 minutes and then washed in running tap water
for 5-10 minutes. Nuclei were lightly stained with usual Haematoxylin solution,

differentiated as appropriate, blued and washed in water. Washed slides were
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rinsed in absolute alcohol, cleared in xylene and mounted in DPX. Results of
staining were recorded as acid mucin if blue coloured, neutral mucin if magenta

coloured or mixture of these two.

3.7.3 Demonstration of mast cells by Toluidine blue (Bancroft and Gamble,
2002)
Paraffin sections, prepared from tissue fixed for 3 hrs. in Carnoy’s fluid
(and floated out on alcohol), were taken to alcohol, blotted dry and stained with
toluidine blue solution for 10 seconds only. Stained sections were blotted dry,
dehydrated, cleared and mounted in a DPX. Staining reactions of mast cells were

recorded as purple.
3.8  Statistical analysis

The prevalence of the individual helminth species was calculated as a
percentage of the host population that was infected with a specific parasite at a
point in time (Thrushfield, 1995). The data collected was statistically analysed
using standard statistical procedures (Snedecor and Cochran, 1967).ecor and

Cochran (1968).
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CHAPTER - 4

EXPERIMENTAL FINDINGS

4.1 Parasitofauna recovered

Gastrointestinal helminth parasites recovered from the domestic fowl
included five species of nematodes, five species of cestodes and a single species

of trematode.
4.1.1 Nematodes

The nematodes recovered belonged to four different generas and were

identified as
4.1.1.1 Heterakis gallinarum

This parasite occurred in the caeca of the fowl. These were small white
worms 7-13 mm in length in male and 10-17 mm in length in female (Fig. 2).
Mouth was surrounded by three small lips (Fig. 3), oesophagus ended in a well
developed posterior bulb (Fig. 4). In the male the tail was straight, preanal sucker
well developed and spicules were dissimilar (Fig. 5). Tail end of the female was

long, narrow and pointed (Fig. 6).
4.1.1.2 Ascaridia galli

It was recovered from the small intestine. These were whitish yellow
worms, males measured 5-7.5 cm in length while as females measured 7-11.5 cm
(Fig. 7). Anteriorly there were three large lips around the mouth and oesophagus
had no posterior bulb (Fig. 8). Tail end of the male had weakly developed caudal
alae and anterior to the cloaca there was a precloacal sucker with a thick cuticular

rim and the spicules were subequal (Fig. 9).
4.1.1.3 Capillaria annulata

This species was recovered from crop, oesophagus and proventriculus.

Males were 15-25 mm and females 30-80 mm long. A characteristic swelling was
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Fig.1 Dressed domestic fowl showing good, medium and low body
conditions of domestic fowls.

Fig. 2 Heterakis gallinarum worms recovered from the caecum of domestic
fowl.

Fig. 3  Heterakis gallinarum revealing three anterior lips. X620.



Fig. 2

Fig. 3



Fig. 4 Heterakis gallinarum revealing characteristic posterior oesophageal
bulb. X350.

Fig. 5 Tail end of the male Heterakis gallinarum. X350.

Fig. 6  Narrow pointed tail end of the female Heterakis gallinarum. X350.



Fig. 4

Fig. 5

Fig. 6



Fig. 7 Ascaridia galli recovered from domestic fowl.

Fig. 8 Ascaridia galli revealing three large anterior lips and absence of
oesophageal bulb. X350.

Fig. 9 Tail end of the male Ascaridia galli revealing precloacal sucker and
subequal spicules. X350



Fig. 8

Fig. 9



present behind the head that was formed by the cuticle of the anterior end (Fig.
10). The eggs measured 60-65 by 25-30 micrometers with two protruding polar
plugs one at either end (Fig. 11).

4.1.1.4 Acuaria hamulosa

Reddish worms were found embedded in the musculature of gizzard
forming soft yellowish nodules (Fig. 12). Males were 12-14mm and females 16-
25mm in length. This parasite had four cuticular cordons which were non-
recurrent and non- anastamosing, double irregularly wavy and extended to the

posterior end of the body (Fig. 13). Posterior end was pointed (Fig. 14).
4.1.1.5 Dysphrynx (Acuaria) spiralis

A spirurid was found to inhabit the wall of the proventriculus. Males
measured 7-8 mm and females measured 9-10mm in length. The four cuticular

cordons had a sinous course, were recurrent and did not anastamose (Fig. 15 and

16).
4.1.2 Cestodes

The cestodes recovered from the domestic fowl belonged to four different

genera and were identified as
4.1.2.1 Raillietina cesticillus

The parasite was found in the duodenum and jejunum. Length of the
parasite was up to 12cm (Fig. 17). Suckers were unarmed and the tapeworm was
readily recognized by the broad rostellum armed with large number of minute
hooks (Fig. 18 and 19). Genital organs were found to alternate irregularly (Fig.
20) and eggs were present singly in egg capsules (Fig. 21).

4.1.2.2 Hymenolepis carioca

Large number of these worms was present especially in the duodenum part
of the intestine. Parasites were 3-8cm in length and 0.5-1mm in width (Fig. 22)

and possessed unarmed rostellum (Fig. 23). Gravid uterus lied transversely (Fig.
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Fig. 10 Capillaria annulata revealing a characteristic swelling behind the
head. X2400.

Fig. 11 Eggs of Capillaria annulata . X2400.

Fig. 12 Acuaria hamulosa worms recovered from the nodules of gizzard



Fig. 10

Fig. 12



Fig. 13 Anterior end of Acuaria hamulosa revealing cuticular cordons. X140.

Fig. 14 Posterior end of Acuaria hamulosa. X140.

Fig. 15 Anterior end of Dysphrynx (Acuaria) spiralis revealing cuticular
cordons. X350.



Fig. 13

Fig. 15



Fig. 16 Anterior end of Dysphrynx (Acuaria) spiralis revealing recurrent
cuticular cordons. X350.

Fig. 17 Raillietina cesticillus recovered from the intestine domestic fowl.

Fig. 18 Anterior end of Raillietina cesticillus revealing scolex with
inconspicuous unarmed suckers and armed rostellum. X350.






Fig. 19 Anterior end of Raillietina cesticillus revealing scolex with
inconspicuous unarmed suckers and armed rostellum. Borax carmine.
X350.

Fig. 20 Raillietina cesticillus revealing mature segments containing irregularly
alternating genital organs. Borax caramine. X350.

Fig. 21 Raillietina cesticillus revealing gravid segments containing egg
capsules. Borax carmine. X350.



Fig. 19

Fig. 20

Fig. 21



Fig. 22 Hymenolepis carioca worms recovered from the intestine domestic
fowl.

Fig. 23Scolex of Hymenolepis carioca revealing unarmed rostellum. Aceto
carmine. X350

Fig. 24Segments of Hymenolepis carioca revealing transversely lying uterus.
Alcoholic Borax caramine. X350.



Fig. 22

Fig. 23

Fig. 24



24) and eggs were enclosed in three membranes.
4.1.2.3 Raillietina tetragona

This parasite measured up to 25cm in length (Fig. 25). The scolex had a
distinct neck and both rostellum and suckers were armed with small hooks (Fig.
26). The genital pores were usually unilateral (Fig. 27) and gravid segments

contained 6-12 eggs.
4.1.2.4 Amoebotaenia sphenoides

It was isolated mostly from the duodenum. The size of this parasite was
very small about 3mm in length and only one mm in width. It was roughly
triangular in shape and possessed about twenty segments; the mature and gravid
ones were much broader than the more anterior proglottids. Rostellum was armed

with hooks and suckers were large and unarmed (Fig. 28 and 29).
4.1.2.5 Choanotaenia infundibulum

It was much larger worm up to 20cm in length (Fig. 30). The suckers were
unarmed and rostellum armed (Fig. 31). The segments were wider posteriorly

giving parasite a serrated appearance (Fig. 32).
4.1.3 Trematodes

Only one trematode species was recovered from the domestic fowl which

was identified as
4.1.3.1 Prosthogonymus pellucidus

It was recovered from Bursa of Fabricius and posterior intestine of the
domestic fowl. It was upto 9 mm in length and 4mm broad (Fig. 33). Cuticle was
spiny near the mid body. Ventral sucker was larger than the oral sucker (Fig. 34).
Testes were oval lying horizontally, ovary was deeply lobed lying anterior to

testes and vitellaria were present in the lateral fields (Fig. 35).
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Fig. 25 Raillietina tetragona worms recovered from the intestine domestic
fowl.

Fig. 26 Raillietina tetragona revealing armed suckers and rostellum
Acetocarmine. X350.

Fig. 27Mature segments of Raillietina tetragona revealing unilateral genital
organs. Alcoholic Borax caramine. X350



Fig. 25

Fig. 26

Fig. 27



Fig. 28 Amoebotaenia sphenoides revealing armed rostellum and large
unarmed hooks . X350.

Fig. 29 Amoebotaenia sphenoides revealing armed rostellum. Borax carmine.
X350.

Fig. 30 Choanotaenia infundibulum recovered from the intestine of domestic
fowl.



Fig. 28




Fig. 31 Choanotaenia infundibulum revealing scolex. Borax carmine. X350.

Fig. 32 Posterior broad segments of Choanotaenia infundibulum revealing
serrated appearence. Borax carmine. X350.



Fig. 31

Fig. 32



Fig.33 Prosthogonymus pellucidus recovered from the bursa of domestic
fowl.

Fig.34 Prosthogonymus pellucidus revealing oral and ventral suckers. Borax
carmine. X140.

Fig. 35 Prosthogonymus pellucidus revealing testes, ovary and vitellaria.
Borax carmine. X140.



Fig. 35



4.2  Average worm burdens and pattern of helminthosis

The average worm burden per chicken was 68.4. Most of the birds were
infected with multiple helminth species with a mean of 2.17 and a range of 0 to 5.
The pattern of helminth infections observed in the domestic fowl is presented in

Table 1.

Table 1: Pattern of helminth infections in domestic fowl of Ganderbal

district
Name of the helminths ele(l):i?]le d 1;::;‘:::5: lilg;f‘glsl.itzfe
infections
Nematode 100 40 40*
Nematode + Cestode 100 38 384
Cestode 100 11 1A%
Uninfected 100 6 6"
Nematode + Trematode 100 3 3B
Nematode +Cestode + Trematode 100 2 2B
Trematode 100 0 0°
Cestode + Trematode 100 0 0°

(The number of positive bearing similar superscripts did not differ significantly)

In general pure infection of nematodes was 40 per cent followed by mixed

infection of nematodes and cestodes (38%) and pure infection of cestodes (11%).
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These three patterns of infection were non significantly varying among
themselves but were varying significantly from other patterns of infection except
in the case of pure infection of cestodes which falls in the middle of the patterns

of infection.
4.3 Prevalence studies

Table-2 summarizes the prevalence of various gastrointestinal helminth
parasites recovered from the domestic fowl in Ganderbal district of the Kashmir
valley. In general out of a total of 100 birds screened, 94 per cent were found to be
infected out of which 68 per cent were infected with more than one species of

helminths.

Among the nematodes recovered from the fowl, Heterakis gallinarum was
found to be the most prevalent nematode. Its prevalence of 63 per cent was found
to be much higher than other four nematode parasites. After Heterakis gallinarum,
next most prevalent nematode was found to be Ascaridia galli having an
occurrence rate of 41 per cent. This was in turn followed by Capillaria annulata,
Acuaria hamulosa and Dysphrynx spiralis whose respective prevalence rates were

found to be 35, 6 and 1 per cent.

Among cestodes, Raillietina cesticillus was found to be most prevalent
with a prevalence of 21 per cent. The next most prevalent cestode was found to be
Hymenolepsis carioca (19%). Raillietina tetragona and Amoebotaenia sphenoides
were found 10 and 8 per cent, respectively. However Choanotaenia infundibulum

was found to be least prevalent (7%).

The prevalence of only trematode parasite Prosthogoymus pellucidus was

found to be 5 per cent.

In general the prevalence of Heterakis gallinarum was found to vary non-
significantly from Ascaridia galli and Capillaria annulata but significantly from

all other parasites.

-33-



Table 2: Prevalence and intensity of gastrointestinal helminth infections in
domestic fowls in Ganderbal district of the Kashmir valley (n=100)

Helminth species No. of Infection Parasitecount Mean

infected (%) (Range)

birds

Heterakis gallinarum 63 63" 4-312 67.34
Ascaridia galli 41 4148 1-26 10
Capillaria annulata 35 354BC 3-24 9.66
Raillietina cesticillus 21 21°%P 1-80 22.80
Hymenolepis carioca 19 19B¢P 1000-3000 2000
Raillietina tetragona 10 10°P 3-29 9.76
Amoebataenia sphenoides 8 geP 4-37 17.73
Choanotaenia infundibulum 7 7P 7-180 34
Acquaria hamulosa 6 6° 1-7 3
Prosthogonymus pellucidus 5 5P 5-9 6
Dyspharynx spiralis 1 1° 5 5

4.4  Association of gastrointestinal helminthosis with body condition
scoring
Out of a total of 100 birds screened, 19 were having low, 71 medium, and
10 good body condition. Assessment of different parasitic infections in association
with body condition of the birds revealed that the low body condition of the

domestic fowls was associated with more frequent and more severe parasitic
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infections (Table 3). The occurrence of grossly visible abnormities of
gastrointestinal tract was 43 per cent in low, followed by 26 per cent in medium

and 20 per cent in good body condition birds.

In general all the three body conditions in domestic fowl were not

significantly different with respect to the occurrence of the parasitic infections.

Table 3: Relationship between body condition score and parasitic infection
in domestic fowl in Ganderbal district of Kashmir valley

Percentage
Body condition Tot.al Nun.lPer Parasitic

examined positive . .

infections
Low ) 19 19 100

Medium (+) 71 67 94.36

Good (+1) 10 8 80
Total 100 94 94

(The mean difference is significant at the 0.05 level)

4.5  Age and sex-wise distribution of parasitism

Age and sex-wise distribution of parasitism is given in Table 4. The
occurrence of parasitism was found to be 100 per cent in growers (12-24 weeks)
and 90.32 per cent in adults (32 weeks or above). Furthermore, prevalence of
some of the parasites was significantly higher in growers compared to adults.
Females showed an occurrence of 94.5 per cent while as in males occurrence of

93.3 per cent was recorded which did not differ significantly.
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Table 4: Age and sex-wise distribution of parasitism

Age Sex
Growers Adults Male Female
No. screened 38 62 45 55
No. positive 38 56 42 52
%age 1004 90.324 93.3° 94.5°

(The mean difference is significant at the 0.05 level)

4.6 Pathology

Majority of the birds were infected with more than one type of parasite.
Thus the overall effect observed in birds could be attributed to the multiple
parasitisms. However, on the basis of boring site predilection of the parasites,
predominant lesions in a particular area could be associated to a given parasite.
The various pathological changes caused by the trematodes, cestodes and the

nematodes in the domestic fowl are presented.
4.6.1 Pathology of Nematodes
4.6.1.1 Ascaridia galli

Ascaridia galli were found to inhabit lumen of the intestine (Fig. 36).
Gross changes observed depended on the parasite load. In most of the cases, low
load of worms was observed and was not associated with any grossly observable
lesions. Moderate infection was associated with mucous enteritis. The intestinal
wall appeared to be thickened with mucosa giving a velvety appearance. Lumen

contained thick white pasty mucous.

Histologically sections of the Ascaridia galli were found in the lumen of
the intestine (Fig. 37). The histopathological changes revealed mild to moderate
goblet cell hyperplasia (Fig. 38), compression of villi (Fig. 39), disruption of villi
and desquamation of its epithelium (Fig. 40), broadening and clubbing of the villi

(Fig. 41), focal necrosis, submucosal edema. Mild inflammatory reaction (Fig. 42)

-36 -



Fig. 36 Intestine of Fowl revealing multiple Ascaridia galli worms.

Fig. 37 Section of Ascaridia galli in the lumen of intestine of
domestic fowl. H&E. X280.

Fig. 38 Section of fowl intestine infected with Ascaridia galli
revealing goblet cell hyperplasia. HE. X400.



Fig. 38



Fig. 39

Fig. 40

Fig. 41

Section of fowl intestine revealing Ascaridia galli causing
compression of villi. HE. X330.

Section of fowl intestine infected with Ascaridia galli
revealing disruption of villi desquamation of its
epithelium and mild inflammatory reaction with
infiltration of mononuclear cells. HE. X350.

Section of fowl intestine infected with Ascaridia galli
revealing broadening and clubbing of the villi. HE. X350.



Fig. 41



was characterized mainly by infiltration of mononuclear cells and a few
polymorphonuclear cells including eosinophils. Sections of the parasites with

degenerated cuticles were also noticed in the lumen (Fig. 43).
4.6.1.2 Heterakis gallinarum

Heterakis gallinarum occurred in the lumen of caecum especially at the
blind end (Fig. 44). The caecal wall was thickened and revealed petechial

haemorrhages.

Histological findings in the caeca were represented by the presence of of
Heterakis gallinarum worms in the lumen as well as in the wall of mucous
membrane (Fig. 45), intense chronic diffuse typhlitis with mononuclear and
polymorphonuclear (heterophils) leucocyte infiltrations (Fig. 46). Some of the
stained sections showed extensive damage of the mucosal lining (Fig. 47). There
were prominent erosions of the epithelial lining. Besides goblet cell hyperplasia
(Fig. 48), edema of the caecal wall (Fig. 49), necrosis (Fig. 50) and preponderance

of necrotic material in the caecal lumen (Fig. 51) were common findings.
4.6.1.3 Capillaria annulata

Capillaria annulata was found in the oesophagus and crop. In light
infections the wall of the crop and oesophagus was slightly thickened and
inflamed, but this extended to a marked thickening, inflammation with
mucopurulent exudates in the lumen in severe infections. Large number of

parasites was found in the mucosa and necrotic membranes.

Histological sections of the Capillaria annulata were found in the
squamous epithelial layer of oesophagus and crop (Fig. 52 and 53).
Histopathology revealed oesophagitis (Fig. 54) and ingluvitis (Fig. 55), sloughing
of the mucosa containing parasitic ovas (Fig. 56), necrotic changes in squamous
epithelium characterized by pyknotic nuclei (Fig. 57). A thin connective tissue
capsule surrounded the adult worms and every where there were infiltrates of

lymphocytes and mononuclears. Oesophageal glands were inflammed (Fig. 58)
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Fig. 42 Section of fowl intestine infected with Ascaridia galli revealing
mild inflammatory reaction. HE. X280.

Fig. 43 Section of fowl intestine revealing degenerated cuticle of
Ascaridia galli. HE. X250.

Fig. 44 Caecum of fowl revealing multiple Heterakis gallinarum
worms.



Fig. 43

Fig. 44



Fig. 45Sections of Heterakis gallinarum in the caecum of domestic fowl. HE.
X280.

Fig. 46Section of fowl caecum infected with Heterakis gallinarum revealing
typhlitis. HE. X2500.

Fig. 47Section of fowl caecum infected with Heterakis gallinarum revealing
desquamation of the mucous membrane. HE. X350.



Fig. 45

Fig. 47



Fig. 48 Section of fowl caecum infected with Heterakis gallinarum
revealing goblet cell hyperplasia of the mucous membrane.
HE. X350.

Fig. 49 Section of fowl caecum infected with Heterakis gallinarum
revealing oedema of the caecal wall. HE. X400.

Fig. 50 Section of fowl caecum showing necrosis induced by
Heterakis gallinarum. HE. X300



. 48
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Fig. 49

Fig. 50



Fig. 51 Section of fowl caecum infected with Heterakis gallinarum
revealing necrotic material in the caecal lumen. HE. X400.

Fig. 52 Sections of Capillaria annulata in the oesophagus of domestic
fowl. HE. X360.

Fig. 53 Sections of Capillaria annulata in the crop of domestic fowl.
HE. X360.



Fig. 53



Fig. 54 Section of fowl oesophagus infected with Capillaria annulata
revealing oesophigitis. HE. X360.

Fig. 55 Section of fowl crop infected with Capillaria annulata
revealing inflammatory changes in the submucosa
(proctitis). HE. X300.

Fig. 56 Section of fowl crop infected with Capillaria annulata
revealing desquamated material containing parasitic ovas.
HE. X300.



Fig. 56



and sometimes cystic (Fig. 59). In some sections acanthotic changes (Fig. 60) and
enlargement of lymphoid follicles (Fig. 61) was observed. Proventricular
capillariasis was characterized by proventriculitis (Fig. 62), desquamation of the
epithelial cells into the common cavities of the lobules (Fig. 63) and cystic

proventricular glands (Fig. 64).
4.6.1.4 Acuaria hamulosa

Acuaria hamulosa red coloured worms were found emerging from the
gizzard muscular wall. The parasites could be detected after the removal of the
horny layer koilin of the gizzard and cutting through the musculature (Fig. 65).
Grossly the musculature of the caudal lobe of the gizzard revealed soft yellowish

nodules. Lesions were found extending into the muscular portion of the organ.

Histopathology revealed discrete nodular lesions in the musculature which
contained sections of the parasite (Fig. 66). Within the musculature compression
of the muscle (Fig. 67), severe myositis, haemorrhages and necrosis were seen
(Fig. 68). Mucosa showed severe inflammation and there was marked destruction
of glands (Fig. 69). A chronic inflammatory reaction of granulomatous type (Fig.
70) characterized by presence of mononuclear cells and giant cells was observed.
Fibroplasia and hyperplasia of peripheral lymphoid tissues (Fig. 71) was
observed. Cellular reaction in the lesions was characterized by large number of
lymphocytes, monocytes, plasma cells, and heterophils. Chronic inflammatory

lesions around the parasites were heavily infiltrated by eosinophils (Fig. 72).
4.6.1.5 Acuaria (Dysphrynx) spiralis

Dysphrynx spiralis worms were found with their heads buried deeply in
the mucosa of the proventriculus where they had formed ulcers. The mucous
membrane showed catarrhal inflammation and the wall of the organ showed
hypertrophy (Fig. 73). There was marked prominence of the proventricular glands

and the mucosa showed petechial hemorrhages (Fig. 73).

Histopathological examination revealed desquamation of the epithelium
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Fig. 57 Section of fowl crop infected with Capillaria annulata
revealing necrotic changes in squamous epithelium
characterized by pyknotic nuclei. HE. X300.

Fig. 58 Section of fowl crop infected with Capillaria annulata
revealing inflammation of oesophageal gland. HE. X300.

Fig. 59 Section of fowl oesophahus infected with Capillaria annulata
revealing cystic gland. HE. X300.



Fig. 58

Fig. 59



Fig. 60 Section of fowl crop infected with Capillaria annulata
revealing acanthotic changes. HE. X350.

Fig. 61 Section of fowl crop infected with Capillaria annulata
revealing enlargement of lymphoid follicles in squamous
epithelium. HE. X350.

Fig. 62 Section of fowl proventriculus infected with Capillaria
annulata revealing proventriculitis. HE. X330.



Fig. 60

Fig. 62



Fig. 63 Section of fowl proventriculus infected with Capillaria
annulata revealing desquamation of epithelial cells into the
common cavity of lobule. HE. X250.

Fig. 64 Section of fowl proventriculus infected with Capillaria
annulata revealing cystic proventricular glands. HE. X330.



Fig. 63

Fig. 64



Fig.65 Gizzard of domestic fowl showig Acuaria (Cheilospirura)
hamulosa worm emerging from the musculature (arrow).

Fig.66  Sections of Acuaria hamulosa in the in the musculature of
gizzard of domestic fowl. H&E X280.

Fig. 67 Section of fowl gizzard revealing compression of the muscle
wall caused by Acuaria hamulosa. HE. X530.



Fig. 65

Fig. 67



Fig. 68 Section of fowl gizzard infected with Acuaria hamulosa
revealing haemorrhage, severe myositis and necrosis. HE.
X350.

Fig. 69 Section of fowl gizzard infected with Acuaria hamulosa
revealing inflammation of the mucous membrane. HE.
X350.

Fig. 70 Section of fowl gizzard infected with Acuaria hamulosa
revealing granulomatous inflammation. HE. X350.



Fig. 69

Fig. 70



Fig.71 Section of fowl gizzard infected with Acuaria hamulosa
revealing hyperplasia of lymphoid tissue. HE. X350.

Fig.72 Section of fowl gizzard infected with Acuaria hamulosa
revealing severe eosinophilic reaction. HE. X580.

Fig. 73 Proventriculus of fowl infected with Dysphrynx spiralis
revealing catarrhal inflammation, petechial haemorrhages,
hypertrophy of the wall of the organ.



Fig. 71

Fig. 73



into the glandular lumens (Fig. 74) and proventriculitis (Fig. 75) characterized by

an intense cellular, especially eosinophilic, infiltration into the mucosa.
4.6.2 Pathology of Cestodes

Cestodes were found especially inhabiting duodenum and jejunum parts of
the intestine. In general parasites were found attached to the mucosa with the help
of rostellum. Intestinal lumen was full of pasty mucous containing proglottid

segments.
4.6.2.1 Raillietina cesticillus

Infection with Raillietina cesticillus was characterized by the presence of

robust cestodes anchored to the mucosa with the help of scolices (Fig. 76).

Histological study revealed the sections of the cestode in the lumen (Fig.
77). The histopathological lesions were desquamation of epithelium and
degeneration (Fig. 78) and broadening of intestinal villi (Fig. 79). There was mild
to moderate enteritis (Fig. 80) and glands at the site of infection were disrupted.
The inflammatory reaction was characterized by predominant heterophils,
especially in the areas of mechanical damage by scolices. Also a few lymphocytes

and eosinophis were seen, especially in the lamina propria.
4.6.2.2 Hymenolepis carioca

Though this parasite was present in large numbers, no gross lesions were

seen on the guts infected with Hymenolepis carioca.

Histopathological examination revealed desquamation of epithelial cells

(Fig. 81) with infiltration of inflammatory cells into the core of the villi (Fig. 82).
4.6.2.3 Raillietina tetragona

Ruaillietina tetragona infected intestines revealed catarrhal enteritis, slight
thickening of the wall and the lumen was full of thick pasty mucous seeded with
long robust worms (Fig. 83). Some of the infected intestines revealed petechial

haemorrhages and haemorrhagic contents (Fig. 84).
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Fig. 74 Section of fowl proventriculus infected with Dysphrynx
spiralis revealing desquamation of the epithelium into the
glandular lumen. HE. X330.

Fig. 75 Section of fowl proventriculus infected with Dysphrynx
spiralis revealing inflammatory changes. HE. X330.



Fig. 74

Fig. 75



Fig.76 Intestine of Fowl revealing multiple multiple Raillietina
cesticillus worms attached to mucosa.

Fig. 77 Section of Raillietina cesticillus in the intestine of fowl
HE. X280.

Fig. 78 Section of fowl intestine infected with Raillietina cesticillus
revealing desquamation of the epithelium and degeneration
of villi. HE. X300.



Fig. 76

Fig. 77

Fig. 78



Fig. 79 Section of fowl intestine infected with Raillietina cesticillus
revealing broadening of intestinal villi. HE. X330.

Fig. 80  Section of fowl intestine infected with Raillietina cesticillus
revealing enteritis. HE. X280.

Fig. 81 Section of fowl intestine infected with Hymenolepis carioca
revealing desquamation of epithelial cells. HE. X330.



Fig. 79

Fig. 80

Fig. 81



Fig.82 Section of fowl intestine infected with Hymenolepis carioca
revealing infiltration of the inflammatory cells. HE. X250.

Fig. 83 Intestine of Fowl revealing multiple Raillietina tetragona
worms attached to mucosa.

Fig. 84 Intestine of Fowl revealing Raillietina tetragona worms and
haemorrhagic intestinal contents.



Fig. 84



Histopathological examination revealed sections of the parasites in the
lumen (Fig. 85) with destruction of the villi and desquamation of the epithelial
cells (Fig. 86). All the sections of duodenum and jejunum examined revealed
duodenitis (Fig. 87) and jejunitis (Fig. 88) respectively besides necrosis of the villi
(Fig. 89) and congestion. Inflammatory reaction around the lesions was

characterized by lymphocytes and a few heterophils (Fig. 90).
4.6.2.4 Amoebotaenia sphenoides

In the fowl intestines infected with Amoebotaenia sphenoides, mucosa of
duodenum appeared rough and pale. Intestial lumen was full of fluidy contents

(Fig. 91). Parasites were found attached to mucosa.

Histopathological sections revealed the scolices burrowing deep into the
mucosa (Fig. 92). In general the lesions were desquamation of epithelium and
mild inflammation (Fig. 93). Villi appeared to be atrophied with rounding of tips.
At the site of infection, glands were disintegrated. The inflammatory reaction was
characterized by mononuclear cell infiltration which was more severe at the site of

infection (Fig. 94).
4.6.2.5 Choanotaenia infundibulum

The intestines infected with Choanotaenia infundibulum revealed presence
of catarrhal exudates in the lumen and the anterior end of the parasite penetrating

into the mucosa (Fig. 95).

Histopathological sections of the infected intestines revealed mild
inflammatory reaction (Fig. 96), necrosis of the villi (Fig. 97) and desquamation
of the epithelium (Fig. 98). Tips of the villi represented hyperplastic changes (Fig.
99). A characteristic finding was hypertrophy and hyperplasia of smooth muscles
and muscularis mucosa (Fig. 100). There was a heavy infiltration of mononuclear

cells especially lymphocytes in the tips of the villi (Fig. 101).
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Fig. 85 Section of the Raillietina tetragona in the lumen of intestine.
HE. X250.

Fig.86 Section of fowl intestine infected with Raillietina tetragona
revealing destruction of the villi and desquamation of
epithelium. HE. X250.

Fig.87 Section of fowl duodenum infected with Raillietina tetragona
revealing duodenitis. HE. X280.



Fig. 85

Fig. 86

Fig. 87



Fig.88  Section of fowl jejunum infected with Raillietina tetragona
revealing jejunitis. HE. X280.

Fig.89 Section of fowl intestine infected with Raillietina tetragona
revealing necrosis of the villi. HE. X300.

Fig. 90 Section of fowl intestine infected with Raillietina tetragona
revealing infiltration of the inflammatory cells. HE. X350.



Fig. 88

Fig. 89

Fig. 90



Fig. 91 Intestine of Fowl infected with Amoebotaenia sphenoides
revealing fluidy intestinal contents.

Fig. 92 Section of fowl duodenum infected with Amoebotaenia
sphenoides revealing scolex burrowed deep into the mucosa.
HE. X300.

Fig. 93 Section of fowl intestine infected with Amoebotaenia
sphenoides revealing desquamation of epithelium. HE. X250.



Fig. 93



Fig. 94 Section of fowl intestine infected with Amoebotaenia
sphenoides revealing the infiltration of inflammatory cells into
the core of villi. HE. X330.

Fig. 95Intestine of Fowl revealing multiple Choanotaenia
infundibulum worms.

Fig. 96 Section of fowl intestine infected with Choanotaenia
infundibulum revealing mild duodenitis. HE. X350.



Fig.94

Fig. 96



Fig. 97 Section of fowl intestine infected with Choanotaenia
infundibulum revealing necrotic villi. HE. X400.

Fig. 98 Section of fowl intestine infected with Choanotaenia
infundibulum revealing desquamation of the epithelium. HE.
X300.

Fig. 99 Section of fowl intestine infected with Choanotaenia
infundibulum revealing hyperplastic changes in the tips of the
villi. HE. X300.



Fig. 99



Fig.100 Section of fowl duodenum infected with Choanotaenia
infundibulum revealing hypertrophy and hyperplasia in the
smooth muscles. HE. X350.

Fig.101 Section of fowl duodenum infected with Choanotaenia
infundibulum revealing infiltration of the mononuclear cells
in the tips of the villi. HE. X1400.



Fig. 101



4.6.3 Pathology of Trematode
4.6.3.1 Prosthogonymus pellucidus

The trematode was found to inhabit bursa of fabricius and coloaca (Fig.
102). On postmortem examination, the parasites were found attached to lie within

to intestinal mucosa.

Histopathological examination revealed degeneration and exfoliation of
the mucous epithelium of bursa of fabricius (Fig. 103) in addition to the
stratification of the mucous epithelium and interstitial cell infiltration. Moderate
degree of lymphoid hyperplasia (Fig. 104) and congestion (Fig. 105) was also
seen. Cloaca observed desquamation of the mucous membrane of the cloacal folds
(Fig. 106) and congestion (Fig. 107). However no changes were observed in

oviduct.
4.7  Histochemistry
4.7.1 Ascaridia galli

Staining of affected tissues by Combined Alcian Blue-PAS technique
revealed varying degrees of acid and neutral mucopolysaccharide reaction in
different types of lesions. Goblet cell hyperplasia was positive for acid
mucopolysaccharides with basement membrane positive for neutral
mucopolysaccharides (Fig. 108). Positivity for acid mucopolysaccharide
substances was observed both in infiltrating cells (Fig. 109) as well as

desquamated material (Fig. 110).

No mast cell reaction was detectable in any of the sections when stained

by Toluidine blue method.
4.7.2 Heterakis gallinarum

Caecum revealed acid mucopolysaccharide reaction in the glandular

epithelium and goblet cells (Fig. 111 and 112).
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Fig. 102 Bursa of the fowl revealing Prosthogonymus ovatus worms.

Fig. 103 Section of fowl bursa infected with Prosthogonymus ovatus
revealing degeneration and exfoliation of the mucous
epithelium. HE. X250.

Fig.104 Section of fowl bursa infected with Prosthogonymus ovatus
revealing lymphoid hyperplasia. HE. X280.






Fig.105 Section of fowl bursa infected with Prosthogonymus ovatus
revealing congestion. HE. X400.

Fig. 106 Section of fowl cloaca infected with Prosthogonymus ovatus
revealing desquamation of the mucous membrane of folds.
HE. X280.

Fig.107 Section of fowl cloaca infected with Prosthogonymus ovatus
revealing congestion. HE. X250.



Fig. 105

Fig. 106

Fig. 107



Fig. 108 Section of fowl intestine infected with Ascaridia galli
revealing goblet cell hyperplasia positive for acid
mucopolysaccharides with basement membrane positive for
neutral mucopolysaccharides (arrow). Combined Alcian
blue PAS. X650.

Fig. 109 Section of fowl intestine infected with Ascaridia galli
revealing  infiltrating cells positive  for acid
mucopolysaccharides. Combined Alcian blue PAS. X650.

Fig. 110 Section of fowl intestine infected with Ascaridia galli
revealing desquamated material positive for acid
mucopolysaccharides. Combined Alcian blue PAS. X650.



Fig. 110



Toluidine blue stained sections revealed metrachromatic mucosal mast

cells reaction (Fig. 113).
4.7.3 Capillaria annulata

Oecosophagus revealed a strong positive reaction for acid
mucopolysaccharides in the oesophageal glands (Fig. 114 and 115) and within the
same glands intervening stroma was positive for neutral mucopolysaccharide (Fig.
116). Adventitial layer of oesophagus and desquamated epithelium were positive
for acid mucopolysaccharide substances (Fig. 117 and 118). Crop revealed
negative reaction for acid mucopolysaccharides. However a positive reaction for
acid mucopolysaccharide substances in the epithelium of proventricular glands

was observed (Fig. 119).

Toluidine blue stained sections of crop revealed mast cell reaction in the

submucosal layer (Fig. 120).
4.7.4 Acuaria hamulosa

Gizzard revealed moderate increase in acid mucopolysaccharide in glands
(Fig. 121) while as glandular secretions were positive for neutral

mucopolysaccharides (Fig.122).

No mast cell reaction was detectable in any of the sections when stained
by Toluidine blue method.
4.7.5 Dysphrynx spiralis

Proventriculs revealed a strong positive reaction for acid
mucopolysaccharides in the glandular epithelium (Fig. 123) and mucous

membrane (Fig. 124).

No mast cell reaction was detectable in any of the sections when stained

by Toluidine blue method.



Fig.111 Section of fowl caecum infected with Heterakis gallinarum
revealing positive reaction for acid mucopolysaccharides in

the glandular epithelium. Combined Alcian blue PAS.
X1200.

Fig.112 Section of fowl caecum infected with Heterakis gallinarum
revealing positive reaction for acid mucopolysaccharides in
the goblet cells. Combined Alcian blue PAS. X650.

Fig.113 Section of fowl caecum infected with Heterakis gallinarum
revealing mast cell reaction

in the mucosa (arrow).
Toluidine blue. X1400



Fig. 112

Fig. 113



Fig.114 Section of fowl oesophagus infected with Capillaria annulata
revealing positive reaction for acid mucopolysaccharides in
the oesophageal glands. Combined Alcian blue PAS. X250.

Fig.115 Section of fowl oesophagus infected with Capillaria annulata
revealing positive reaction for acid mucopolysaccharides in
the oesophageal glands. Combined Alcian blue PAS. X280.

Fig.116 Section of fowl oesophagus infected with Capillaria annulata
revealing positive reaction for neutral mucopolysaccharides
in the interveining stroma of oesophageal glands.
Combined Alcian blue PAS. X1120.



Fig. 116



Fig.117 Section of fowl oesophagus infected with Capillaria annulata
revealing positive reaction for acid mucopolysaccharides in
the sub of oesophagus. Combined Alcian blue PAS. X300.

Fig.118 Section of fowl oesophagus infected with Capillaria annulata
revealing positive reaction for acid mucopolysaccharide
substaces in the desquamated epithelium of oesophagus.
Combined Alcian blue PAS. X300."

Fig.119 Section of fowl proventriculus infected with Capillaria
annulata revealing positive reaction for acid
mucopolysaccharide in the glandular epithelium. Combined
Alcian blue PAS. X560.



Fig. 117

Fig. 118

Fig. 119



Fig. 120 Section of fowl crop infected with Capillaria annulata
revealing mast cell reaction in the submucosa. Toluidine

blue. X560.

Fig. 121 Section of fowl gizzard infected with Acuaria hamulosa
revealing positivity for acid mucopolysaccharide substaces
in the glandular epithelium. Combined Alcian blue PAS.
X350.

Fig. 122 Section of fowl gizzard infected with Acuaria hamulosa
showing glandular secretions positive for neutral
mucopolysaccharide substaces. Combined Alcian blue PAS.

X330.



Fig. 122



Fig.123 Section of fowl proventriculus infected with Dysphrynx
spiralis revealing increased alcian blue positive material in
the glandular epithelium. Combined Alcian blue PAS. X330.

Fig.124 Section of fowl proventriculus infected with Dysphrynx
spiralis revealing increased alcian blue positive material in the
mucous membrane. Combined Alcian blue PAS. X330.



Fig. 123

Fig. 124



4.7.6 Raillietina cesticillus

Small intestines revealed increased acid mucopolysaccharide content in

the glandular epithelium and desquamated material (Figs. 125 and 126).

Toluidine blue stained sections of intestines revealed positive reaction for

metachromasia in the glandular epithelium (Fig. 127).
4.7.7 Hymenolepis carioca

Staining of duplicate sections from infected portions of the intestine by
Combined Alcian Blue-PAS technique revealed goblet cell hyperplasia strongly

positive for acid mucopolysaccharide substances (Fig. 128 and 129).

No mast cell reaction was detectable in any of the sections when stained

by Toluidine blue method.
4.7.8 Raillietina tetragona

Increased acid mucopolysaccharide content was observed in the intestinal

glands and glandular epithelium (Fig. 130 and 131).

No mast cell reaction was detectable in any of the sections when stained

by Toluidine blue method.
4.7.9 Amoebotaenia sphenoides

Staining of duplicate sections from infected intestines by Combined Alcian
Blue-PAS technique revealed a strong positive reaction for acid

mucopolysaccharides in the mucous membrane (Fig. 132).

No mast cell reaction was discernable in any of the sections when stained

by Toluidine blue method.
4.7.10 Choanotaenia infundibulum

Parallel sections upon staining by Combined Alcian Blue-PAS method

revealed increased acid mucopolysaccharide content in the glandular epithelium
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Fig.125 Section of fowl intestine infected with Raillietina cesticillus
revealing increased alcian blue positive material in the
glandular epithelium. Combined Alcian blue PAS. X280.

Fig.126 Section of fowl intestine infected with Raillietina cesticillus
revealing increased alcian blue positive material in the
glandular epithelium and desquamated material. Combined
Alcian blue PAS. X280.

Fig. 127 Section of fowl intestine infected with Raillietina cesticillus
revealing a positive reaction for metachromasia in the
glandular epithelium. Toluidine blue. X1400.



Fig. 125

Fig. 126

Fig. 127



Fig. 128 Section of the fowl intestine infected with Hymenolepis
carioca revealing goblet cell hyperplasia strongly positive for
acid mucopolysaccharide substances. Combined Alcian blue
PAS. X350.

Fig. 129 Section of the fowl intestine infected with Hymenolepis
carioca revealing goblet cell hyperplasia strongly positive for
acid mucopolysaccharide substances. Combined Alcian blue
PAS. X1200.

Fig.130 Section of fowl intestine infected with Raillietina tetragoa
revealing increased alcian blue positive material in the
intestinal glands. Combined Alcian blue PAS. X330.



Fig. 128

Fig. 129

Fig. 130



Fig.131 Section of fowl intestine infected with Raillietina tetragoa
revealing increased alcian blue positive material in the
glandular epithelium. Combined Alcian blue PAS. X500.

Fig.132 Section of fowl intestine infected with Amoebotaenia
sphenoides  revealing positive reaction for acid
mucopolysaccharides in the mucous membrane. Combined
Alcian blue PAS. X280.



Fig. 131

Fig. 132



(Fig. 133). Infiltrating mononuclears also revealed a positive reaction for acid

mucopolysaccharides.

No mast cell reaction was discernable in any of the sections when stained

by Toluidine blue method.
4.7.11 Prosthogonymus ovatus

Staining of duplicate sections from bursa by Combined Alcian Blue-PAS
technique revealed a positive reaction for acid mucopolysaccharides in the bursal
epithelium (Fig. 134). Sections from cloaca showed positivity for acid
mucopolysaccharide substances in the cloacal glands and desquamated material
(Fig. 135). The epithelium of infundibulum also reacted positively for increased

acid mucopolysaccharides (Fig. 136).

A mucosal mast cell reaction was occasionally observed in the

infundibulum of the infected birds (Fig. 137).
4.8 Haemato-biochemical analysis

The haematological and biochemical values of the infected visa-a-vis non-
infected birds are given in table 5. Haemoglobin and total leukocyte counts
revealed significant decrease and increase, respectively, in case of mixed
nematode and cestode infections. Packed cell volume showed a significant
decrease in pure nematode and mixed infections. Total Erythrocyte count and
Erythrocyte sedimentation rate showed no significant change. Lymphocyte count
observed significant increase in pure cestode and mixed infections of nematodes
and cestodes while as monocyte counts revealed significant increase in pure
infections of nematodes and cestodes. Eosinophil counts on the other hand
showed significant increase in case of pure nematode and mixed infections.
Heterophil and basophil counts showed no significant difference statistically in

comparison to control.

Serum biochemical values revealed no significant differences in total

protein, albumin, globulin and A/G ratio in case of pure nematode and pure
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Fig.133

Fig.134

Fig.135

Section of fowl intestine infected with Choanotaenia
infundibulum  revealing positive reaction for acid
mucopolysaccharides in the glandular epithelium. Combined
Alcian blue PAS. X530.

Section of fowl bursa infected with Prosthogonymus pellucidus
revealing increased alcian blue positive material in the bursal
epithelium. Combined Alcian blue PAS. X1000.

Section of fowl cloaca infected with Prosthogonymus pellucidus
revealing positivity for acid mucopolysaccharide substances in
the cloacal glands and desquamated material. Combined
Alcian blue PAS. X250.



Fig. 133
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Fig.136 Section of fowl infundibulum (oviduct) infected with
Prosthogonymus pellucidus revealing positivity for acid
mucopolysaccharide substances in the epithelium.
Combined Alcian blue PAS. X280.

Fig.137 Section of fowl infundibulum (oviduct) infected with
Prosthogonymus pellucidus revealing a mucosal mast cell
reaction. Toluidine blue. X300.



Fig. 136

Fig. 137



cestode infections. However significant decrease in total protein and albumin

contents was recorded in case of mixed infections.

Table 5: Haemato-bioiochemical analysis of blood/serum from domestic
fowls (mean+£S.E)

Biochemical Uninfected Nemat.ode .Cesto.de Mixefd
arameters (n=6) infection infection Infection
P (n=40) (n=11) (n=43)
Haemoglobin (g%) 11.08+0.486 10.06£0.280 11.96+0.598  9.66+0.222
Packed cell volume (%) 38.67+0.843  34.30+0.626  36.18+0.932  32.62+0.566
Total Erythrocyte count  3.32+0.278 2.90+0.137 3.70+0.187 3.16+0.139
(million/cumm)
Total leukocyte count 32.67+£2.679 34.40+3.047 30.73+4.300 44.36+2.964
(thousand/cumm)
Erythrocyte 1.33+0.211 1.10+0.090 1.05+£0.196 1.39+0.111
sedimentation rate
(mm)
Heterophil (%) 31.33+0.333  30.10+0.151 31.09+0.251 30.09+0.104
Lymphocyte (%) 49.77£0.167 49.88+0.141 50.82+0.263  50.81+0.064
Monocyte (%) 10.67+£0.333  11.52+0.098 11.64+0.152  10.03£0.074
Eosinophil (%) 5.83+0.167 7.02+0.107 4.36+0.152 7.09+0.064
Basophil (%) 2.40+0.159 1.78+0.067 2.09+0.251 2.14+0.152
Total protein (g/dl) 4.85+0.338 4.32+0.070 4.23+0.207  4.22+0.124*
Albumin (g/dl) 1.69+0.177 1.39+0.032 1.57+0.213 1.36+0.050
Globulin (g/dl) 3.16+0.356 2.90+0.078 2.65+0.248 2.87+0.124
Albumin:Globulin ratio  0.58+0.106 0.48+0.019 0.64+0.148 0.55+0.061

(The mean difference is significant at the 0.05 level.)
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CHAPTER -5

DISCUSSION

5.1 Prevalence

For evaluating the prevalence of gastrointestinal helminth parasites in the
domestic fowl, sample size of 100 birds was screened for different types of
parasites over a period of six months. The various types of parasites recovered
include nematodes viz. Ascaridia galli, Heterakis gallinarum, Capillaria
annulata, Acuaria hamulosa and Dysphrynx spiralis, cestodes viz. Raillietina
cesticillus, Raillietina tetragona, Hymenolepis carioca, Amoebotaenia sphenoides
and Choanotaenia infundibulum, and a single species of trematode viz.

Prosthogonymus pellucidus.

The present study revealed that 94 per cent of the domestic fowl examined
were found to be infected with the gastrointestinal helminth parasites. Similar
observations have been made by earlier workers in backyard poultry in various
parts of the world (95.7% by Fatihu ef al., 1991 in Zaria, Nigeria; 95% by Msanga
and Tungaraza, 1985 in Mwanza, Tanzania; 94.5% by Hassan, 1966 in Pakistan;
94.3% by Ayeni, 1973 in Nigeria; 93.7% by Mpoame and Agbede, 1995 in
Western Cameroon; 96% by Eslami et al., 2009 in Iran). However, comparatively
lower prevalence has been reported by various workers in India (90.9% by Yadav
and Tandon, 1991 in India; 79.9% by Bali and Kalra, 1975 in Punjab, India;
76.5% by Virk et al., 1987 in Chandigarh, India; 74.3% by Gogoi, 1975 in Assam,
India; 65.7% by Matta and Ahluwalia, 1981 in Uttar Pradesh; 74% by Fotedar and
Khateeb, 1986 in Kasmir, India).

The high prevalence of helminth infections indicates that virtually almost
all free range chickens are subclinically infected. According to Muchadeyi et al.
(2004) and Mwale and Masika (2009) village chickens are raised mainly under the
free-range (scavenging) production system, with partial or no housing and this

predisposes the chickens to diseases and parasites especially helminths (Swatson
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et al., 2003). Losses due to this high morbidity might be considered of greater

economic importance than the high counts that cause mortality in a few birds.

Different workers from India and abroad have reported varying rates of
prevalence of individual parasites. In the present study Heterakis gallinarum was
found to be most prevalent parasite as seen by some earlier workers (Permin ef al.,
1997; Mwale and Masika, 2010) however lesser prevalence has been observed by
various researchers (Pandit, et al., 1991; Eshetu, et al., 2001; Nithiuthai et al.,
2003; Ashenafi and Eshetu, 2004; Hassouni and Belghyti, 2006; Abdelqader et
al., 2008). The high prevalence observed in free range chickens could be
attributed to compounding effects of management, chicken breeds and
agroecological zone and, therefore, could be explained after conducting seasonal
prevalence study. A prevalence of 41 per cent Ascaridia galli infection, observed
in present study was in congruence with observations made earlier by Luka and
Ndams, (2007), Huq (1986) and Samad et al., (1985), who recorded a prevalence
of 43, 45 and 45 per cent respectively. Compatible prevalence has been found for
Capillaria annulata by Islam and Shaikh (1967) and Huq (1986), who reported
prevalence 30 and 32 per cent respectively. Lower prevalence for Acuaria
hamulosa and Dysphrynx spiralis were in agreement with the findings of Eshetu
et al.,, 2001; Ashenafi and Eshetu, 2004; Hassouni and Belghyti, 2006; Salam et
al., 2009.

The prevalence of Raillietina cesticillus (21%), observed presently, is
comparable to 23 and 19 per cent observed by Salam et al., (2010) and Ashenafi
and Eshetu (2004) respectively, in Kashmir, India. With regard to Raillietina
tetragona higher prevalence has been reported by Eshetu ef al. (2001), Ashenafi
and Eshetu (2004) and Luka, and Ndams (2007) who observed prevalence of
45.69 and 35.8 and 23.9 per cent, respectively. The variation observed in the
present study might be attributed to seasonal variation in number and activity of
the arthropod intermediate hosts. Similar causes may explain the higher

prevalence observed for Hymenolepis carioca than earlier reports (Nithiuthai et
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al., 2003; Hassouni and Belghyti, 2006). Prevalence of 6.69 per cent has been
observed for Amoebotaenia sphenoides by Salam et al. (2009) in Kashmir, India
which is comparable to prevalence observed in the present investigation.
However, prevalence of 40.45 and 37.4 per cent has been observed by Eshetu et
al. (2001) and Ashenafi and Eshetu (2004). The fairly low prevalence finding for
Choanotaenia infundibulum is concurrent with the findings by Eshetu et al.

(2001); Ashenafi and Eshetu (2004); Luka and Ndams (2007).

In the present study, only one trematode species Prosthogonymus
pellucidus with a prevalence of 5 per cent was seen. Similar observation was
recorded by previous workers (Ssenyonga, 1982; Jenkins, 2007; Abdelgader et al.,
2008) who noted a few or no trematodes in local chickens. As reported earlier that
in most cases of trematode infections the prevailing environmental conditions
might not be conducive for the perpetuation of their intermediate hosts (Junker
and Boomker, 2007; Abdelgader et al., 2008). Thus, the life cycle of the parasites
is rarely completed. In addition, trematodes are more important parasites of wild
water-fowl, domesticated ducks, geese and not chickens (University of Reading,
2007).
5.2 Association of gastrointestinal helminthosis with body condition

scoring

In present study birds with lesser occurrence and intensity of helminth

infections had good body condition score when compared with birds having
medium and lower body condition scores who had moderate to severe infection.
Definitely a trend was observed that the intensity of parasitic infections increased
in birds fom good to low body conditions. Similar observations have been
reported by earlier workers who opined that the reduced body condition is
probably a reflection of the weight loss due to helminth infections (Reid and
Carmon, 1958; Ikeme, 1971; Ackert and Herrick, 1928). They explained that in
moderate to severe infection the parasite may cause retarded performance and

growth, reduced quality of meat as well as live weight loss. Association of higher
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worm burden with lower body condition score may also be explained in terms of
immunocompetance of animals. Lowering of body condition due to any stress
factor may compromise the immune system of the animal which when infected
favours development of higher number of worms. However, elucidation of cause-
effect mechanism warrants further investigations. However with regard to
prevalence of parasitic infections in birds having different body condition no

significant differences were observed.
5.3 Age and sex-wise distribution of parasitism

The higher prevalence (100%) of helminth infections in growers than in
adult birds (90%) might be due to susceptibility of young and resistance of adult
birds. Previous studies have strongly suggested that prevalence is heavily
influenced by age (Magwisha et al., 2002; Ackert et al., 1935a). This study also
showed higher worm burdens of pathogenic helminths in growers as reported
earlier (Soulsby, 1982). The presence of these species in moderate numbers might

not be harmful, but in large numbers may be detrimental to the host.

The absence of an association between the prevalence of helminth
infections and the sex of the host is largely in agreement with reports by Mpoame
and Agbede (1995) and Poulsen et al. (2000), indicating that there is not usually a

natural affinity of helminth species to either sex of the host.
5.4  Average worm burdens pattern of helminthosis

In the present study the average worm burdens for some of the helminths
were significantly higher and majority of birds (68%) harboured multiple
helminth species, which was similar to the findings of Shamsul-Islam (1985),
Fakae et al. (1991), Yadav and Tandon (1991), Mpoame and Agbede (1995),
Permin et al. (1997), Poulsen et al. (2000), and Magwisha et al. (2002). Multiple
helminth infections in rural chickens indicate that the prevailing environmental

conditions and the management systems in the free range are favourable for the
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simultaneous development of different helminth species (Kabatange and Katule,

1990; Pandey et al., 1992)

5.5 Pathology

5.5.1 Pathology of nematodes
5.5.1.1 Ascaridia galli

Ascariasis caused by Ascaridia galli in domestic fowl has been studied by
various workers (Padhi et al, 1987; Verma et al., 1993; Dahl et al., 2002;
Arunachalam et al., 2003; Permin et al., 2006). As observed in the present study,
the parasites are mostly recovered from the lumen of small intestine without
causing much gross pathology. However, heavy infections have been reported to
cause severe changes. The pathomorphological changes are in agreement with the
earlier observations with comparable parasite loads (Padhi et al, 1987,

Arunachalam et al., 2003).
5.5.1.2 Heterakis gallinarum

Heterakis gallinarum has been considered of low pathogenicity in single
infections (Lund and Chute, 1973). However more severe pathology has been
associated with the parasite in domestic galliformes, causing nodular typhilitis,
with the formation of inflammatory or granulomatous caecal nodules (Kaushik
and Deorani 1969; Riddel and Gajadhar, 1988; Khan et al., 1994). Although in the
present study, gross nodular lesions were not evident, histopathology revealed
nodular aggregation of mononuclear cells as well as parasitic sections in the
mucosa. Erosive lesions as seen in the present study have also been recorded by
Nath (1963) who opined that eroding habit of Heterakis gallinarum imparts

greater pathogenic significance to this nematode.
5.5.1.3 Capillaria annulata

In light infections the wall of the crop and oesophagus was slightly

thickened and inflamed, but this extended to a marked thickening, inflammation
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with mucopurulent exudates in the lumen. Similar findings have been reported by

Soulsby (1982).

Histopathological lesions were presence of sections of the Capillaria
annulata in the squamous epithelial layer of oesophagus and crop (Hung, 1926),
sloughing of the mucosa and necrotic changes in squamous epithelium (Cram,

1936).
5.5.1.4 Acuaria hamulosa

Acuaria hamulosa has been reported worldwide in various galliformes
(Freitas and Hipolito, 1949; Grisi and Carvalho, 1974; Padhi et al, 1987;
Menezes et al., 2003), there are scanty reports of pathological studies
(Mohammed and Sokkar, 1979; Padhi et al., 1987; Fatihu et al., 1991). The
pathological changes observed in the current study were very severe and in
accordance with the earlier pathological descriptions by Srivastava (1939), Whur
(1966), Nath and Pande (1963) and Padhi et al. (1987) who recorded the
formation of soft nodules inside the musculature of the caudal lobe of the gizzard
and destruction of the Koilin layer in heavy infection. However, in the present
study, the mononuclear infiltration was more severe and formed follicular
aggregates. Severe eosinophilic reaction and mucosal changes were additionally

recognized.
5.5.1.5 Dysphrynx spiralis

The pathological changes in the proventriculus of fowl due to Dysphrynx
spiralis infection showed that the parasite is pathogenic and causes catarrhal
inflammation, hypertrophy of wall of the organ, petechial haemorrhages and
desquamation of the epithelium, edema, slight congestion and proventriculitis.
The pathological lesions, as recorded in the present investigation are consistent
with the findings of previous researchers (Soulsby, 1965; Joshi and Kamalapur,
1971). Adenomatous proliferative changes in the proventriculus as reported by

Ramaswamy and Sundaram, (1985) in fowls given monospecific experimental
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infection with Acuaria spiralis were not observed in the present study. Desi birds
may be more resistant to the infection than non native breeds of the birds (Joshi

and Kamalapur, 1971).
5.5.2 Pathology of cestodes
5.5.2.1 Raillietina cesticillus

Raillietina cesticillus infection as observed in fowls in the present study
was characterized by desquamation of epithelium, degeneration and broadening of
intestinal villi, increased vascularity and glandular disintegration of varying
degree. Similar changes but of varying degree have been reported by other
workers (Biester and Schwarte, 1957; Nath and Pande, 1963; Jha et al., 1981).
The mucosal changes have been attributed to the mechanical damage. The
infiltration of neutrophils around the mucosal lesions, as observed in the present
study had also been reported by Nath and Pande (1963). Some authors reported
mononuclear infiltration of lamina propria also and opined that heterophilic
infiltration was not a primary reaction but only secondary to bacterial invasion of

the mucosal lesions (Gray, 1975; Jha et al., 1981, Bhowmik ef al., 1982).
5.5.2.2 Raillietina tetragona

The pathological changes due to Raillietina tetragona observed in current
study were in accordance with earlier reports but were less severe in nature. In the
present study, the scolices were found penetrating only superficial mucosa. Jha et
al. (1981) reported suckers reaching up to muscular layer. Also various authors
have reported much severe lesions including nodule formation, closely resembling
to tuberculous lesions (Ackert and Case, 1938). However Schwartz (1957) opined
that such lesions were rarely associated with Raillietina tetragona and are more
characteristic of Raillietina echinobothrida. Jha et al. (1981) could not find such
lesions in poultry. Nath and Pande (1963) also reported that scolices of Raillietina
tetragona were not found to burrow deeper beyond the mucosa. The observed

discrepancies in the severity of lesions could be attributed to low parasite load as

-52-



recorded in the present study. The lesions observed in the present study were
indicative of mechanical damage due to sucker armature. It has been reported that
sucker hooks, inserted on the mucosal tissue, exercised a prominent point in
affecting a strong hold on the lining than the rostellar hooks which seemed to have
a secondary role in attachment (Nath and Pande, 1963). The cellular reaction
observed in the present study, although was mild but is in accord with earlier

reports (Nath and Pande, 1963; Jha et al., 1981).
5.5.2.3 Hymenolepis carioca

Absence of gross lesions in Hymenolepis carioca infection as observed in
the present investigation is highly consistent with the findings of previous

researchers (Padhi et al., 1986 and Bybee, 1996).

Histopathological observations were partially in line with the observations
of the earlier studies by various workers ((Padhi ez al., 1987; Bhowmik and Sinha,
1983). Some variation in the pathological lesions could be attributed to the degree

of resistance of different breeds of poultry to cestode infection.
5.5.2.4 Amoebotaenia sphenoides

The pathological changes observed with Amoebotaenia sphenoides
infection in fowl were in agreement with earlier reports (Nath and Pande, 1963;
Jha et al., 1981). The parasites have been frequently reported free in the lumen
and also attached to the lining. The mucosal damage has been attributed to

dragging of epithelial tissue by the parasite sucker.
5.5.2.5 Choanotaenia infundibulum

Infection with Choanotaenia infundibulum was associated with mild

degree of catarrhal enteritis which has also been observed by Salam (2009).

Histoathological examination revealed desquamation of epithelium,
enteritis, necrosis of villi as reported earlier (Anwar et al., 2000 and Salam, 2009).

One of the histopathogical finding was hypertrophy and hyperplasia of smooth
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muscles of the intestines which can be attributed to presence of relatively large

intensity of worms.
5.5.3 Pathology of trematode
5.5.3.1 Prosthogonymus pellucidus

Histopathological examination revealed degeneration and exfoliation of
the mucous epithelium of Bursa of Fabricius in addition to the stratification of the
mucous epithelium and interstitial cell infiltration. Similar findings have been
reported by Leok et al. (2002) in Prosthogonimus ovatus infection in Indonesian
native chickens. Moderate degree of lymphoid hyperplasia was observed which
could be attributed to highly lymphoid nature of the bursa and spiny cuticle of the

parasite leading to mechanical irritation and consequent hyperplasia.
5.6 Histochemistry

Histochemical investigations revealed positive reaction for neutral
mucopolysaccharide the basement membranes while infiltrating cells, glandular
epithelium, goblet cells, glandular secretions and hyperplastic cells were positive
for acid mucopolysaccharides. These findings were in consonance with that of
Tuli et al. (1992) who reported increased alcian blue positive material near the
parasitic infestation in the mucosa indicating degenerative and necrotic changes.
Various authors have opined that hypersecretion of mucopolsaccharides in and
around the lesions may be attributed to prolonged irritative action of insults.
Qualitative increase in both acid and neutral mucopolysaccharides has been
attributed to inflammatory process (Darzi et al, 2003; Shah, 2009). Darzi et al.
(2003) reported that the inflammatory exudates revealed qualitative increase in
acid mucopolysaccharides and the basement membrane positive for neutral
mucopolysaccharide in spontaneous hepatic coccidiosis in rabbits and opined that

it constitutes a component of local defense reaction.

Mucopolysaccharides especially acidic types were found to be increased in

all helminth infections of entire gastrointestinal tract. This could be attributed to
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increase in the number of mucous cells close to the site of parasite attachment.
Therefore, Combined Alcian blue and periodic acid-Schiff’s staining of
representative histological sections revealed a significant increase in the number
of mucous cells staining positively for acid glycoconjugates compared to the
number of cells found in the gastrointestinal tracts of uninfected birds. Similar
results have been obtained by Dezfuli et al. (2010) who found number of mucous
cells close to the site of parasite attachment within the intestine significantly
higher than the number detected in uninfected individuals and in infected
individuals at sites 1cm or greater from the point of parasite attachment staining
positively for acid glycoconjugates. Hyperplasia of Paneth and intermediate cells
is a recently described component of the response of the small intestine of mice to

infection with the nematode Trichinella spiralis (Kamal ez al., 2002).

Increased production of mucopolysaccharides might also be attributed to
their probable role in the inflammation (Darzi et al., 2003; Shah, 2009) and
prolonged irritative action of different insults, which are believed to determine

hypersecretion of these substances (Lupu, et al., 1959).

Toludine blue stained sections revealed metrachomsia, and the mast cells
were prominent in the submucosa and mucosa in Heterakis gallinarum, Capillaria
annulata, Raillietina cesticillus and Prosthogonymus ovatus infections. Mast cells
have been suggested to be major effector cells in the immune response to infection
with helminths (Lee et al, 2003). Occurrence of mast cell reaction as
demonstrated by toluidine blue staining is an indication of local type-1
hypersensitivity and has also been frequently observed in parasitic infections
(Darzi et al., 2003). Expulsion of intestinal parasites is temporally associated with
an increase in the number of mast cells in the intestine and secretion of mast cell
proteases and leucotrienes into the tissues and serum (Grencis, 1997). This
mastocytosis is dependent on both T cell-derived cytokines (IL-3, IL-4, IL-9 and
IL-10) and T cell-independent factors stem cell factor (SCF).
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5.7 Haemato-biochemical analysis

Parasites are a source of physiological stress for their hosts. Effects of
parasites on their host have been frequently reported and a vast literature exists on
host parasite interactions in birds (Loye and Zuk, 1991; Clayton and Moore,
1997). In any case parasites impose undoubtedly a drain of resources upon their
hosts thereby forcing them to evolve abilities to reduce these costs by mounting
effective immune and/or stress responses. Such responses may include changes in
white blood cell profiles (Graczyk et al., 1994; Ots and Horak, 1998), total serum
proteins (Delope et al., 1998; Ots and Horak, 1998) and antibody titers in serum
(Ots and Horak, 1998). A significant decrease in haemoglobin values and packed
cell volume with a significant increase in total leukocyte counts in infected birds
have been reported by various workers (Sharma et al., 1984; Samad et al., 1986;
Sekar et al., 1986; Verma, et al., 1993; Phukan, 2006; Deka and Borah, 2008).
Increase in lymphocyte, monocyte and eosinophil counts are the hallmarks of

parasitic infections. (Sharma et al., 1984; Verma et al., 1993 and Phukan, 2006).

Results obtained in the plasma biochemical study of the domestic fowls
clearly revealed that on comparing the biochemical values of uninfected birds
with the infected ones, no significant variations were recorded in the total protein,
albumin (A), globulin (G) and A/G ratio in case of pure nematode or cestode
infections and this was in accordance with the findings of Verma et al. (1993)
who found no statistical variation between the control and Ascaridia galli infected
birds. However, significant decreases in the total protein and albumin contents
were recorded in case of mixed nematode and cestode infections coinciding with
the findings of Sheikh (2009). The reason behind the significant decrease in the
total plasma proteins and albumin in mixed parasitic infections might be affecting
the absorption and assimilation of small molecules such as amino acids on one
hand and also by compound effect on absorption by multiple parasites from the

hosts as noted earlier.
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CHAPTER -6

SUMMARY AND CONCLUSION

The present was study aimed to investigate the prevalence, pathology and
haemato-biochemical changes caused by the parasitic infections in domestic fowl
in Ganderbal district of Kashmir valley. A total of 100 randomly selected
domestic fowl were screened for the purpose. For sampling purposes the birds
were categorized into growers aged 12-24 weeks and adults aged 32 weeks or
above. The study revealed an overall prevalence of 94 per cent. The prevalences
of pure nematode, pure cestode and mixed infections were 40, 11 and 43 per cent,

respectively.

11 species of parasitofauna recovered from the domestic fowl with their
prevalences include Heterakis gallinarum (63%), Ascaridia galli (41%),
Capillaria annulata (35%), Raillietina cesticillus (21%), Raillietina tetragona
(10%), Hymenolepsis carioca (19%), Amoebotaenia sphenoides (8%),
Choanotaenia infundibulum (7%), Acuaria hamulosa (6%), Prosthogonymus
pellucidus (5%) and Dysphrynx spiralis (1%). Prevalence of Heterakis gallinarum
Ascaridia galli and Capillaria annulata did not vary significantly but significant
variations of these parasites was observed with regard to other species of

parasites.

Assessment of different parasitic infections in association with body
condition of the birds revealed that the intensity of parasitic infections were more
frequent and more severe in birds whose general body condition was low.
However prevalence of parasitic infections did not vary significantly with the
body condition of the birds. Higher prevalence (100%) of helminth infections was
observed in growers than in adult birds (90%) nevertheless this difference was
statistically non-significant. There was no association between the prevalence of

helminth infections and the sex of the host.

The studies on histopathology clearly revealed that there were marked
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pathological changes caused by the parasites in the domestic fowl. Among
nematode infections, the infection of Ascaridia galli was associated with mucous
enteritis. The intestinal wall appeared to be thickened with mucosa giving a
velvety appearance. Histopathological changes were moderate goblet cell
hyperplasia, compression of villi, disruption of villi and desquamation of
epithelium, broadening and clubbing of the villi, focal necrosis and submucosal
edema. Mild inflammatory reaction was characterized mainly by infiltration of
mononuclear cells and a few polymorphonuclear cells including eosinophils.
Sections of the degenerated parasites were also noticed in the lumen. The
infection of Heterakis gallinarum was associated with the thickened caecal wall.
Histological findings in the caeca were represented by the presence of
eosinophilic sections of worms in the lumen as well as in the wall of mucous
membrane, intense chronic diffuse typhlitis with mononuclear and
polymorphonuclear (heterophils) leucocyte infiltrations. Some of the stained
sections showed extensive damage of the mucosal lining with erosions, goblet cell
hyperplasia, oedema of the caecal wall, necrosis and preponderance of necrotic
material in the caecal lumen. Capillaria annulata was found in the oesophagus
and crop. In light infections the wall of the crop and oesophagus was slightly
thickened and inflamed, but this extended to a marked thickening, inflammation
with mucopurulent exudates in the lumen. Histological sections of the Capillaria
annulata were found in the squamous epithelial layer of oesophagus and crop.
Histopathology revealed oesophagitis and ingluvitis, sloughing of the mucosa
containing parasitic ova, necrotic changes in squamous epithelium characterized
by pyknotic nuclei. A thin connective tissue capsule surrounded the adult worms
and everywhere there were infiltrates of lymphocytes and mononuclears.
Oesophageal glands were inflamed and sometimes cystic. In some sections
acanthotic changes and enlargement of lymphoid follicles was observed.
Proventricular capillariasis was characterized by proventriculitis, desquamation of
the epithelial cells into the common cavities of the lobules and cystic

proventricular glands. Acuaria hamulosa worms were found deeply embedded in
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the musculature of the caudal lobe of the gizzard. The musculature of the caudal
lobe of the gizzard revealed soft yellowish nodules. Histopathology revealed
discrete nodular lesions in the musculature. Cellular reaction in the lesions was
characterized by large number of lymphocytes, monocytes, plasma cells,
heterophils and few eosinophils. The mucosa and submucosa showed marked

thickened and diffuse mononuclear infiltration.

Cestodes were found especially inhabiting duodenum and jejunum parts of
the intestine. In general cestodes were found attached to the mucosa with the help
of rostellum. Intestinal lumen was full of pasty mucous containing proglottid
segments. The mucosa appeared to be rough. Histopathological examination
revealed broadening of villi which at places were fused to give much broader
appearance. Scolices of the cestodes were found embedded in the superficial
mucosa. The mucosa revealed mechanical disintegration of the lining epithelium
and glands in the vicinity of the scolices. Inflammatory reaction around the lesions
was characterized by lymphocytes and heterophils. The pathological changes in
the proventriculus of fowl due to Dysphrynx spiralis were hypertrophy wall of the
organ, petechial haemorrhages, desquamation of the epithelium, edema, slight

congestion and proventriculitis.

Prosthogonymus pellucidus was found to inhabit bursa of fabricius and
coloaca .Histopathological examination revealed degeneration and exfoliation of
the mucous epithelium of Bursa of Fabricius, interstitial cell infiltration, moderate

degree of lymphoid hyperplasia and congestion.

Histochemical investigations revealed positive reaction for acid
mucopolysaccharide in infiltrating cells, glandular epithelium, goblet cells,
glandular secretions and hyperplastic cells. Toluidine blue stained sections
revealed metrachomsia, and mast cells were prominent in the submucosa and
mucosa in Heterakis gallinarum, Capillaria annulata, Raillietina cesticillus and
Prosthogonymus ovatus infections. Haematologiical  studies revealed a

significant decrease in haemoglobin values and packed cell volume with a
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significant increase in total leukocyte, lymphocyte, monocyte and eosinophil
counts in infected birds. Biochemical analysis revealed significant decreases in the
total protein and albumin contents in case of mixed nematode and cestode

infections.
Conclusions:

e The present study revealed high prevalence of gastrointestinal helminth
parasites which is indicative of the conducive environmental conditions for

helminthosis in Kashmir valley.

e Heterakis gallinarum (63%), Ascaridia galli (41%) and Capillaria
annulata (35%) are the three most prevalent helminth species of domestic

fowl in Ganderbal district of Kashmir valley.

e Backyard poultry is in the high risk of helminth infections which are
associated with the development of pathological changes. Therefore, they

have a serious economic impact on the production of domestic fowl.

FUTURE SUGGESTIONS

e Extensive systematic studies on parasitofauna of various avian species and

migratory birds need to be conducted.

e Morphological characterization of avian parasitofauna prevalent in the

area need to be carried out on large scale.
e Rigorous monitoring and surveillance of helminthosis in backyard poultry.

e Long term cohort studies are needed to investigate the impact of these
helminth infections on productivity and mortality in commercial systems

as well as in backyard systems.

e Regular deworming is essential in backyard poultry birds to obtain better

production from them.
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Elucidation of descriptive pathogenesis following experimental studies in

definitive hosts and intermediate hosts.

Antigenic characterization of the various developmental stages of the

parasites.

Cohort studies evaluating the genetic susceptibility/ resistance to the

infection or disease development.
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