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Chapter - 1

[NTRODUCTION

Wildlife-aré of tremendous importance'as they are the
ancestral soufqes of the domesticated animals and also
valuable gene-pool resources for their upgradation. They also
include species which may be potential domestilcates. All
organisms, whether animal or plant, which are not homesticated
or farmed by man constitute wildlife, although the term
conventionally relates to wild animals. Wild anlimals may be
free-living, captive or feral and may élso have substantial

. . . .|
aesthetic, educational, recreational and economic values.

There are about 4,000 species of wild mammalé present all
over the world. Out of these about: 380 species are present in
India. This may include endemic species - species restricted
to particular habitat in the country - as also|non-endemic

species-which are present in other countries as well.

Wildlife constitute precious natural resources seriously
becoming depleted by various factors which accehtuate the
extinction of species; hence there is increasing|/realisation
of the importance of preservation of wild animals. The
zoological gardens have vital ' roles to play in the
conservation of specific wild animals as they are serving as
the sole breeding foci for certain highly endangered species

of animals. Generally they exhibit free-living wild animals



2

destined to be in captivity. Historically these were the
rather now-extinct cage- enclosure type outfit called "Closed
Zoos" although the more desirable, habitat-simulating"Open
Zoos" are being established either as néw. outfits or as
replacements of the older "Closed Zoos" seen ip almost all
parts of the world, though this is very rarely' seen in thé
developing countries 1like India. Even theqe so-called
habitat-simulating and as such much more desirablé "Open Zoos"
are more than mostly not upto the mark becausé of certain
fundamental laxities including the lack of corre&t perception
and prompt as well as effective execution of adequate
preventive measures with regard to the disease préblems of the

wild animals.

Captive rearing in zoos alters the environmgnt and life

of animals, causes stress, reduces resistance and may increase
the incidence of diseases among them. In country-wide
surveys on causes of mortality in free-living and captive
felines as well ag captive primates in India, Rathore and
Khera (1981a, b) noted significant numbers of cases of worm
infections. Mixed infections of Fasciola and ambhistomes as
well as haemonchcsis and cestodiasis were among the causes of
mortality in captive wild herbivores of Assam Statb Zoo during

1985-89 (Chakraborty and Chaudhury, 1996).

Rao and Acharjyo (1984) surveyed common diseases of

captive wildlife at Nandankanan Zoo and found that helminth



parasitic diseases posed one of the major problems in
different species. Chakraborty and Islam (1996) studied the
prevalence of endo-parasitic infections in some free-living
herbivores in Kaziranga National Park and found that 40.35% of
the 171 faecal samples were positive for variods species of
helminth parasites. Maske et al. (1990) examined faecal
samples of zoo animals of Maharaj Bag, Nagpur and based on
morphology of eggs, found that helminths like strongyles and
ascarid were present in mammals. Muraleedharan et al. (1990)
surveyed the gastro-intestinal parasites of animéls of Mysore
Zoo and found that mammals has comparatively higher percentage

of helminthic infection than birds.

Gaur et al. (1979) observed an apparent significance of
helminthiasis in wild and zoo mammals in Uttar Pradesh and
noted that a number of factors such as the variability of the
moisture content of the faeces and the climatic conditions
influence the incidence of infection. Faecal examination by
Sarode et al. (1993) revealed that'helminths such as ascarids,
tapeworms and strongyles were present in carnivores in the
Maharaj Bag Zoc and that the incidence was higher in winter,
followed by summer and rainy seasons. Modi et al. (1997c¢)

reported that age has significant influence on parasitic load

only in the case of carnivores and not amongst herbivores.
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Parasitic, particularly helminthic, infections are
frequent under captive conditions (Rathore and Khera, 1981a)
and is one of the major problem in wildlife health and
management (Khan, 1979). However, Lall (1994) haé stated that
study of helminths in wildlife has not received due lmportance
in our country and that such studies would help lin providing
information regarding helminthiasis in wildlife suggesting
better means of control and also providing useful know-how for
the control of the parasites in domestic animals, which in
many cases share the parasites. Rajasekhariah ot al. {1971)
rightly pointed out that inadequate information with regard to
diseases and parasites of zoo animals was a maﬁor limiting

factor in preservation of the fast-disappearing bame animals

and development of zoological gardens.

The State Museum and Zoo, Thrissur (commoniy_called as
Thrissur Zoo), was originally started in 1885 by Diwan Peshkar
Sankarraiah at Viyyur near Thrissur as "Viyyur Park".
Subsequently in 1912, the Museum was shifted to the
now-existing place, Chembukkavu ianhrissur and modernised in
1914 with cages and enclosures in a total area of 4.5
hectares. At that time 7 species of mammals and| one species
of reptile were present. The number of visito#s ranged at

that time from 18000 to 22000 per annum. After the

progressive establishmeht, now the 2zoo has 22 species of
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mammals, 14 species of birds and 10 species of reptiles and

the number of visitors exceeds 6 lakhs.

Information on parasites of wild animals in'captivity in
the Thrissur Zoo is meagre due to paucity of systematic
investigations. So, a systematic study on the helminth
parasites of mammals in the zoo was undertaken with the

following objectives:

1. To elucidate the prevalence of helminth parasites among

the different species of wild mammals in captivity.

2. To asses the influence of season and age as well as sex

variations in the prevalence of helminthic infection.

3. To suggest measures for controlling 4he helminth

parasites.



Review of Literature




Chapter - 11

REVIEW OF LITERATURE

2.1 General health alterations in the zoo animals

due to parasitic infections

In a survey on the prevalencg of helminth @arasites in
wild and zoo animals in Uttar Pradesh, Gaur et al. (1979)
reported that the clinical signs of parasitism were severe
weakness, diarrhoea and dehydration in various wild animal

species.

In country-wide wildlife surveys on causes $f mortality
in free-living and captive felines as well as captive
primates, Rathore and Khera (198la, b) noted significant

numbers of worm infections.

Sleeman (1983) examined 57 deers (11 Cervus elaphus, 15
Dama dama, 3 Cervus nippon and 2 hybrids) in Ireland and
recovered 9 species of helminths as also reborted that
Spiculopteragia asymmetrica was the most commonﬂy occurring
parasite in 4 species of deer but never in sufficient numbers

to cause clinical disease.

Zuchowska (1988) reported that the most important

nematodes in ruminants and camels at Lodz ioo, Poland,
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belonged to the families Trichostrongylidae, Trﬂchuridae and

Dictyocaulidae and that most infections were asﬁmptomatic.

1

The prevalence and intensity of parasi;ic infections were
investigated in 8 species of monkeys and 4 species of big
feline predators (Pantherinae) kept in the Zooldgical Garden
in Brno in the Czech Republic, during a 3 year period by
Hartmannova (1959), who has reported that tﬁe important
helminth parasites were Trichuris trichiura and Enterobius
vermicularis in monkeys and Toxascaris leonina in|the cats and
has also stated that no deaths occurred due to| parasitoses

during the study period.

Maske et al. (1990) surveyed the helminth barasites of
zoo animals of Maharaj Bag, Nagpur and reported that clinical
symptoms like diarrhoea, dehydration as well as‘prostration

were present in a variety of animals.

Muraleedharan et al. (1990) reported that the helminths
and coccidia recovered from the wild animals of Mysore Zoo did
not produce any alarming symptoms of disease but that a few
animals such as tigers, lions and elephants had occasional
diarrhoea. They also pointed out that though manw helminthic
or subclinical coccidial infections might not uFually cause
any immediate alarming signs, in the long rud they might
produce ill effects such as emaéiation and weakness which

would later be responsible for inviting other pakthogens.
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Heavy mortality among cervids (Axis axisi and Cervus
unicolor) due to Paramphistomum cervi was experienced during
the hard summer of 1981 in Wildlife Natfional Park,
Ranthambore, Raﬁasthan, and the clinical signs were diarrhoea,
anorexia and intense thirst. The inclement weather and
inadequacy of natural feed were considered to be the main
predisposing factors causing activation of tﬁe parasites

leading to pathological effects (Arora, 1992).

Gogoi (1994) reported hookworm infestation in a tiger at
Zoological Park, Itanagar and observed that the clinical signs

comprised of lethargy, weakness and inappetance.

Clinical symptoms 1like diarrhoea, general malaise,
lethargy, disinclination to move, dehydration, partial or
complete anorexia and_vomiting with or without bxpulsion of
ascarids were observed by Maity et al. (1994} in a snow

leopard (Panthera uncia) infested with Toxocara cati.

Thiruthalinathan et al. (1998) observed that wolves in
Vandalur Zoo, Tamil Nadu  showed symptoms liﬂe vomition,

anorexia and debility due to Spirometra infections.
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2.2 Prevalence of helminthic infections among =zoo

mammals

2.2.1 Determination by faecal examination

Raquib et al. (1972) examined 165 faécal samples
belonging to 28 species of animals in the State Zoo, Guwahati,
Assam, India and found that 18 genera of helminths were

present in these animals,

Out of 31 species of mammals and 45 species of birds
respectively in the Zoological Garden, Lucknow, Chauhan et al.
(1973) examined fresh faecal samples of 25 mammals and 21
birds and found that the helminthic infections commonly
encountered in mammals comprised of bursate worms in wild
Bovidae and in species of Cervidae, toxascarids, Hookworms and
whipworms in species of carnivores and whipworms in species of
primates. Subsequently, they also examined 21 mammals and 26
birds (out of 35 and 63 species respectively) at Delhi Zoo and

. . . - . !
found similar infections as present in Lucknow 400.

Hiregoudar (1976) reported that the faecal e#amination of
Cervus unicolor and Gazella gazella in Gir Forest of India
revealed the eggs of Trichuris sp. and Trichuri% sp. as well

as trichostrongylid respectively.

Lim and Lee (1977) reported that 36.1 per cbnt of 1,104

wild animals in Korean Zoo harboured parasites. They also
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observed that Toxocara was found in lion, puma land leopard;
Toxascaris leonina in lion and tiger; Ancylostbma in lion,
puma, leopard and bear; Trichuris in leopard, fox and monkey;
T. ovis in deer and camel; Dibothriocephalus in leopard, wolf
and wild cat; Physaloptera in leopard and monkey;
Spirocerca and Capillaria aerophila in fox; C. contorta and
C. caudinflata in birds; Paragonimus kellicotti in fox,
raccoon and raccoon dog; ascarids in jackals and bears;
Echinococcus granulosus in jackals; Metastrongylus apri
and Oesophagostomum sp. in bears; 0. radiatum in deer;
0. venulosum in goral and Barbary sheep; Mecistocirrus
digitatus, Paramphistomum,.Bunostomunlphlebotomunﬂand.Fasciola
hepatica in deer; Marshallagia and Nematodiruls in bison;
Parascaris eqguorum in Zebra; Moniezia in goral and Barbary

sheep and ascarids, Heterakis and Hymenolepis in birds.

Baylisascaris transfuga eggs in the faeces of 59 of 92
bears and hookworm larvae in that of one have beeﬁ reported by

Manville (1978) in Wisconsin,USA.

Pandey (1978) studied 191 faecal samples from zoo animals
in Lubumbashi, Zaire and reported that 58 (30!3%) samples
contained helminth eggs. He also observed that ascarid eggs
were present in one of 2 Felis concolor, one tiger and all of
5 lions and strongylid eggs in one of 3 Vulpes vulpes, 3 of 4

Selenarctos tibetanus, Pan satyrus and monkey% .and that
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Enterobius ova were found in 2 of the chimpanzeels. Trichuris

in 24 of the monkeys and Strongyloides in 4 of the monkeys.

Gaur et al. (1979) in a survey on the pfevalence of
helminth parasites in wild and zoc animals in Utltar Pradesh,
examined faecal samples of 211 animals and reported that 96
(45.49%) animals were having helminths, the commoﬁly prevalent
species being Haemonchus contortus, Oesophagéstomum Sp. .,
strongyles, Toxascaris leonina, Fasciolqpsis‘ buski and

Fasciola gigantica in a variety of mammals.

Khan (1979) examined the faecal samples of wild animals
of the Nehru Zoological Park, Hyderabad and foﬁnd that the
important helminths were strongyles, tricdostrongyles}
Ascaris, Toxocara, Trichuris, Fasciola, amphistome and
Moniezia in herbivores; strongyle, Trichuris, Asc#ris, Oxyuris
and Ancylostoma in omnivores and Toxascari#, Toxocara,
Ascarigs, Ancylostoma, Diphyllobothrium, Fasciola and

Opisthorchis in carnivores.

Hansel and Ruscher (1980) examined the faeces of 369 wild
cats in Germany and observed that 72.6 per cent were infected
with parasites, including Toxocara sp. (64.8%), hookworm
(11.7%), Capillaria sp. (3.81%), Trichuris vulpis (1.4%) and

Taenia sp. {(3.0%).
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Lakshmanan and Joseph (1980) reported the incidence of
Toxascaris leonina and Ancylostoma caninum in circus lions in

Madras by faecal examination.

The ova of helminth parasites from sick, moribund and a
few healthy zoo animals (74) in Nigeria were identified and
the genera Ancylostoma, Bunostomum, Trichuris, Strongyloides,
Echinococcus and an unidentified cestode wére observed

(Bamidele and Ogunrinade, 1980).

Geraghty et al. (1982) studied 1822 fresh féecal samples
from 48 mammals and 4 birds at the Zoological Gardens, Dublin,
Irish Republic and found that helminth eggs weﬁe present in
171 samples (9.6%) and also that S5 per cent of‘the infected
samples were from carnivores and herbivores. Persistent
ascarid burdens were noticed in Panthera uncia and P. pardus

and a high incidence of bursate worm eggs in herbivores.

Examination of a group of 125 animals fro@ South West
Africa, including variqus species of zebra antelopes,
gazelles and monkeys destined for zoos and parKs by Quesada
and Maggio (1982) revealed infection with Parasc?ris, Oxyuris
and Strongylus in zebras; Haemcnchus, Nématodir¢s, Trichuris
and Paramphistomum in antelopes agd gazelles and $trongyloides

in monkeys.
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Saad et al. (1983) examined 184 faecal sambles from 44
species of wild animals and birds kept at Khartoum Zoo, Sudan,
for helminth and protozoan parasites and observeb that 20 of
the 44 species (45%) harboured parasites. They ilso reported
the presence of 4 Qenera of helminths in Panthe#a leo, 2 in

Cercopithecus -aethiops as alsco Panthera |tigris and

Diphyllobothrium sp. in Panthera leo and Hyaena hyaena.

Faecal sample examination of 11 felid species such as
Panthera, Felis etc. in the Madrid Zoo revealed the helminth
infections to be Toxascaris leonina and Strongyloides sp.

|

(Diego et al., 1984}.

In a case of parasitic gastritis in an Asian lion, Tanwar
et al. (1984) observed the eggs of Toxascaris leonina and
Toxocara catil by faecal examination and also reported that the
eggs of Toxascaris leonina were slightly oval, with smooth
shells and measﬁred 75.35 to 90.43 x in length and 60.28 to
75.35 u in width while éhe eggs:of Toxocara catli measured

75.35 p in diameter.

Mandal and Choudhury (1985) have examined faecal samples
from Panthera tigris in the Sundarbans Forest India and
observed ova of Toxocara cati, Gnathostoma spinigerum and

Troglotrema sp.
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Faecal examination of 63 ponies  in the Island of Skyros
revealed Strongylus sp. eggs in 60 and Triodontophorus as well

as Trichonema sp. eggs in 3 animals (Kinis et al 1985) .

Ramasamy et al. (1985) studied the faecal samples of 197
Axis axis from 3 National Parks (Dudwa and Corbett in Uttar
Pradesh and Tadoba in Maharastra) in India and peported that

61 animals (30.96%) were positive for Muellerius .nfection.

During the yeér 1969-1973 an extensive inve%tigation for
the parasites of wild mammals and birds was carried out by
testing blood and stool samples in'the clinical Haboratory of
Delhi Zoological Park and -the identificatﬂons of the
parasites were mostly done upto the level of genus (Adkoli
et al., 1986}. It was observed that strongyle, Qtrongyloides
and Trichuris were present in Artiodactyla; Strongyloides in
Perrissodactyla and Proboscidea; Strongyloides ahd Trichuris
in Primates and Strongyloides, Ascaris and Hookworms in

Carnivora.

Khan (1987) examined 143 wild cats (Felis chaus) and 24
domestic cats in Lucknow and reported that all the animals
were infected with helminths; trematodes were present in 13.3
per cent of wild cats and 8.3 per cent of domestic cats;
nematodes in 44 per cent and 25 per cent and cestbdes in 97.2

and 66.7 per cent respectively. Dipylidium, Joyeuxiella and
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Ancylostoma were the most prevalent parasites and multiple

infections were common,

Endoparasites were present in 39.6 per cent of faecal
samples from deer from Taiwan. Haemonchus contortus,
Trichostrongylus colubriformis, Strongyloides papillosus and
Oesophagostomum sp. were the moét common gastqo-intestinal
nematodes found; 4 othef species of nematodes, 2 species of
trematodes and one species of cestode were ralso found.
Prevalence was significantly higher in winter and in young

. L] » | L]
deer than in older as also in red and axis deer than in sambar

{Su and Lee, 1987).

Arora and Das (1988) observed the eggs of Irichuris sp.
and Paragonimus westermanii in the intestinal contents of a

tigress at Corbett National Park.

A monthly study of the prevalence of helmﬂnths in some
mammals and birds was carried out between January to December
1988 at the AOC Zoological Garden, Ankara, Turkey, by
examining faecal samples of 45 carnivores, 38 herbivores and
14 omnivores. Omnivores had the highest infection rate with
50% being parasitized, while herbivores and carnivores had
infection rate of 39.4 per cent and 28.8 per cent
respectively. The main helminths detected among carnivores
were Toxocara canis, T. cati, Toxascaris leonina, Uncinaria

sp., Strongyloides sp., Taenia sp. and Dipylidium caninum;
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among herbivores Trichostrongylidae species Muellerius
capillaris, Cystocaulus ocreatug, Protostrongylus sp. and
Passalurus ambiguus and among omnivores Trichuris sp.,

Strongyloides sp. and Enterobius sp. (Tigin et &l1., 1989).

Salman and Shah (1989) have studied the prevalence of
gastrointestinal nematodes in large cats kept at the Lucky
Irani Circus and the Lahore as well as Bahavaipur Zoos in
Pakistan by examining faecal samples from 61 animals including
lions, leopards and tigers and observed that 56 animals
(91.80%) were positive for helminthic infection with overall
prevalences of 87.5 per cent, 83.7 per cent and é?.s per cent
for Toxascaris leonina, Toxocara canis and Ancylostoma

braziliense respectively.

In a survey of parasitic infections in Bombay 2zoo,
Niphadkar et al. (1989) reported that 36.79 per cent of
carnivores and 15.2 per cent of herbivores were infected and
also that the tigers, cats, leopards, jackals, hyaenas and
foxes were infested mainly with Toxocara, hookworms and
Spirometra sp. and the ruminants with strongyle infections

predominantly, followed by amphistome and Trichuris sp.

Muraleedharan et al. (1990) surveyed the gasﬂrointestinal
parasites of animals of Mysore Zoo and found that mammals had
comparatively higher percentage of helminthic infection

(31.10%) than birds (25%). They also reporﬂed that the
E
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prevalence and the intensity of ascarid infection was high in
tigers and lions and that strongylids, Trichuris, Ancylostoma,
amphistome, Fasciola, Enterobius and cestodes were also

observed in a variety of mammals.

Maske et al. (1990) examined faecal sampleés of 28 zoo
animals of Maharaj Bag, Nagpur and reported that 17 animals
were found positive for parasitic infections. Based on the
morphology of eggs, they also found that toxascarids,
Ancylostoma, Paragonimus and Tae?ia pisiformis occurred in
lions and tigers, Ancylostoma in leopard and ascarid sp. in

lion cubs.

Hasslinger et al. (1992) examined faecal samples from
carnivores kept in Zoological Gardens in Egypt and Germany.
At Giza, 27 of 52 (51.9%) animals were idfected with
endoparasites and only 8 of 36 (22.2%) animals were infected

at Munich.

Lu et al. (1992) surveyed the helminths of 21 carnivorous
animals of 11 species in the Hefei City Zoo, Anhui, China
during April and May, 1989 by examining fresh faecal samples
and observed that the overall prevalence of infecdion was 95.2
per cent. They also found that the highest prevalence of
infection was caused by hook worms (76.2%) [followed by
Paragonimus westermanii (66.7%) and Spirometra mansonoides

(47.6%) .
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The results of faecal examination of primate$, herbivores
and carnivores representing mammals of Bannerghatta National
Park, Bangalore revealed that Ascaris, strongyle and Trichuris
sp. representing the nematode infection 75.1%) was
predominant followed by mixed infection of nematodes and
coccidia (16.6%) and coccidia (8.3%). Infections in the order
of prevalence were ascarids (33.4%), ascarids aud strongyle
(22.3%), strongyle (11.1%), ascarids and coccidia (11.1%),
Trichuris sp. (8.3%), coccidia (8.3%) and sErongyle and
coccidia (5.5%). It was also observed that 41.66 per cent of
primates, 43.39 per cent of herbivores and 40.00 per cent of

carnivores had helminthic infections (Reddy et #1., 1992) .

Faecal examination detected Necascaris vitulorum,
Cooperia and Haemonchus contortus in 8 bison, Sérongyloides,
Camelostrongylus mentalis and Moniezia expansa in a bactrian
camel, the latter 3 species and Oesophagostomun c¢lumbianum in
6 dromedaries and Fasciola gigantica, Trichostrongylus axei

and Strongyloides in llamas (Pavlovic et al., 1992).

Periodical stool examination of 8 lions and 4 leopards
during the period 1985-1990 and of 2 tigers during 1988-1990
maintained at Maharaj Bag Zoo, Nagpur, revealed :hat in lion
97 (61%) of 159 stool samples, in leopards 54 (60%) of 90
samples, and in tiger 7 (33.3%) of 21 samples were positive

for helminthiasis, caused mainly due to ascarids, Ancylostoma
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and mixed infections of ascarids, Ancylostoma, tape worms and

Strongylué (Sarode et al., 1993).

During routine clinical examination of lesger cats at
Nandankanan Biological Park, Orissa, Rao and Acharjyo (1994)
found various species of Ancylostoma, Spirometra, Toxascaris,

Toxocara, Taenia, Euparyphium and‘Oncicola.

Microscopic examination of faecal sampl?s from 81
different species of carnivores at the Giza Zoological
Gardens, Egypt revealed among other things Toxascgris leonina

eggs in 8.64 per cent (Siam et al., 1994).

Gogoi (1994) detected hookworm eggs in a tiger at
Itanagar Zoological Park, which revealed clinical signs of

hook worm infection.

Maity et al. (1994) have reported that eggs of Toxocara
cati were found in the faeces of 5 captive snow leopards
maintained at Padmaja Naidu Himalayan Zoological Park,
Darjeeling with clinical signs including diarrhoea, lethargy,

dehydration and vomition.

Chakraborty and Islam {1996) sur%eyed the
gastrointestinal parasitic infections in some free-living
herbivores in Kaziranga National Park, Assam by e&amining 171
faecal samples and found that 40.35 per cent of the animals

were positive for parasitic infections and also observed that
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the helminth ova comprised of Paramphistomun Fasciola,
strongyle, Trichuris, Oesophagostomum, Strongyloifles, Ascaris

and cestodes.

Panda and Pal (1996) have examined the faecal samples of
53 monkeys (Macaca radiata) at monthly interval over a period
of one year at zoological garden, Alipore, Cplcutta and
observed that the maximum association of Balantidium coli was
with Entomoeba coli and Trichuris trichuris folloyed by other
parasitic infections like Ancylostoma duodenaﬁe, Ascaris

Jumbricoides and Entomoeba histolytica.

Gupta and Yadav (1997) studied the amplitude bf parasitic
infections in pony mares in Tarai Area of Uttar Pradesh by
examination of faecal samples and blood smears. They reported
that Strongylus sp. dominated in the rate of infection with
64 .52 per cent followed by Gastrodiscus aegyptiac#s with 30.90
per cent and Trichonema with 17.74 per cent. They also
recorded helminths such as Trichostrongylus, Strongyloides
westeri, Dictyocaulus arnfieldi, Parascaris Fquorum and
Oxyuris equi as well as the larvae of Strongylus equinus,

S. edentatus, S. vulgaris, Gyalocephalus, Triodontophorus and

Cesophagostomum.

During a survey of gastrointestinal pérasites of
dromedary camels 1in Gassim Region, Saudi Arapia, Magzoub

et al. {1997) found the presence of strongyle-type,
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Nematodirus and Strongyloides eggs, trophozoites $nd cysts of
Balantidium and oocysts of Eimeria and also reported that the

' 1
general incidence of infection ranged from 62 to 90 per cent.

Faecal examination of 8 carnivorous animals from Sanjay
Gandhi Zoological Park, Patna, and Jawaharlal Nehrii Biological
Park, Bokaro Steel City revealed nine species of eﬁdoparasites
from 1lion, tiger, 1leopard, clouded leopard, bolden cat,
fishing cat, leopard cat, jungle cat, khikhir, khbtash, wolf,
hyaena and bear with the prevalence rate of 33.33 per cent,
62.50 per cent, 53.85 per cent, 75.00 per cent, 100.00 per
cent, 50.00 per cent, 50.00 per cent, 0.00 per cerdt, 33.33 per
cent, 0.00 per cent, 100.00 per cent, 25.00 per c%nt and 70.00
per cent respectively. The parasites identified were Ascaris
Sp., Ancylostoma sp., Trichuris sp., Strongyloideé sp., Taenia

18.75, 1.25,

sp. and Fasciola sp. in the percentages of 33.75,

2.50, 2.50 and 1.25 respectively (Modi et al., 1P97a).

Incidence of Spirometra was detected in ?ertain wild
carnovores in Arignar Anna Zoological Park, Madras, during
routine faecal examination; the ova of the paiasites were
detected in one out of 6 lion samples, one of 3 tﬂqer samples,
one of 2 wolf samples and 2 of 8 panther samples

{Thiruthalinathan et al., 1998).

Varadharajan and Pythal (1999) studied the incidence of

gastro-intestinal parasitism in free 1living, Feral Bonnet
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Macaques (Macaca radiata L.) in Tamil Nadu and féund that 90
per cent of 32 animals had helminthic infections. It was also
observed that strongylids, Strongyloides and ascarjids were the

major infections.
2.2.2 Determination by post-mortem examination

Ramanujachari and Alwar (1955) conducted a post-mortem of
5 monkeys {Macacus sp.) in Madras and collected a few number
of Oesophagostomum apiostomum from nodules id the large
intestines especially the caecum and colon besides a fair
collection of Trichuris. One of .the monkeys revealed gross
lesions in the liver, spleen and lungs with multiple hydatids

of the size of a gooseberry.

Patnaik (1964) recovered Haemonchus contor%us from the

abomasum of a blackbuck in Baranga Zoo, Orissa, [ndia.

Rao and Acharjyo (1972) reported that the incidence of
fascioliasis was about 50 per cent and 60 per cent in spotted
deer and blackbuck respectively at Nandankanan [Zoo but the
other wild ungulates like sambar, barking deer, fpur-horned
antelope and nilgai were not affected although they were
housed within same fencing adjacent to a canal and the source

of grass supply remained the same, which was apParently the

_source of infection.
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Chauhan et al. (1973) have reported the heﬂminths like
Gastrothylax and Ancylostoma braziliense in a spotked deer and

wolves respectively at Lucknow Zoo.

Examination of whole carcasses of 12 wiﬁd cats in

Sloyenia, Yugoslavia revealed Toxascaris leonina in 2,
e Yo

Toxocara cati in 8, Ollulanus tricuspis in 2, Taenia

taeniaeformis in 10 and Mesocestoides lineatus #n'z animals

(Brglez and Zeleznik, 19786).

In é zoo in the German Democratic Republic, ﬁo helminths
were found in Loxodonta africana but Fasciola jacksoni and
Pfenderius sp. were found in Elephas maximus, Ostertagia
mentulata, Haemonchus contortus and Nematodirus ¢pathiger in
Antelope cervicapra and Ostertagia sp. and Oesqpha?ostomum Sp.

in Cervus canadensis (Petersen, 1977).

Addison et al. (1978) examined 148 Ursus a@ericanus in
Canada for helminth parasites and found that 83 animals were
infected with helminths of which 2 contained Taenia krabbei,
1 Alaria americana, 20 Baylisascaris transfuga, Jl Crenosoma

sp. and 1 Trichinella sp.

Dies (1979) reported that helminths were found in 69 of
91 Ursus americanus from North-Western Alber&a, Canada;
Baylisascaris transfuga was present in the largé and small

intestines of 56 animals and gravid Taenia %rabbei and
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T. hydatigena in small intestine of 10 and 3 animals

respectively.

Ashizawa et al. (1979) recovered the 1lung fluke,
Paragonimus ohirai from cysts in the lungs of Sus scrofa
leucomystax in Miyazaki Prefecture, confirming that the wild

boar was a natural host for P. ohirai.

i

Examination of 238 wild boars shot in Belorussian SSR
revealed Metastrongylus, Ascaris, Trichinella, PLysocephalus,
Macrocanthorhynchus, Dicrocoelium, Alaria, Cysticercus
teunicollis and Echinococcus (Litwvinov and Zen'-Kov, 1979); it
was concluded that wild boars could act as reservioirs of these

parasites for domestic swine.

Agrawal and Ahluwalia (1980) have reported Gastrothylax
crumenifer in a sambar (Cervus unicolor) died at Zoological

Garden, Jaipur.

Pillai et al. (1981) reported the nematode ¢ylicospirura
. Subaequalis from 2 tumour-like growths on the stpmach wall of

a dead Felis chaus in Kerala.

Hafeez et al, {1983) reported the amphistome,
Gastrothylax crumenifer in a spotted deer for the first time

in Andra Pradesh, India.
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Presidente (1984) has listed the helminths like Fasciola
hepatica, Orthocoelium streptocoelium, Oeséphagostomum
venulosum, Trichostrongylus axei, Ostertagiq sp. and

Spiculopteragia asymmetrica from Cervus unicolor-%n Australia

and NewZealand.

Agrawal et al. (1986) have reported the occurrence of
aortic lesions due to Spirocerca lupi infection in jackals at

Mathura, Uttar Pradesh.

Somvanshi et al. (1987) reported adult Toxocara sp. from

the stomach of a leopard from Ramgarh, India.

Padhi et al. (1987) reported large number of{amphistomes
like Paramphistomum cervi, Gaétrothylax crumenifer and
Fischoederius elongatus in the rumen of an Axis axis which

died at Nandankanan 2Zoo, Orissa.

Large number of Camelostrongylus mentulatius and some
specimens of Nematodirus spathiger as well as Haemonchus
contortus were collected from the abdomen and smdll intestine
during post-mortem of a male blackbuck that gdied at the

Edinburgh Zoo (Flach and Sewell, 1987).

Five species of lung  nematocdes (M&téstrongylus
asymmetricus, M. confusus, M. elongatus, M. pudeﬁdotectus and

M. salmi) and 2 species of stomach nematodes (Ascarops
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strongylina and Physocephalus sexulatus) were dound in wild

boars (Sus scrofa) in France {(Humbert and Henry 1989).

Cheema et al. (1992) examined 96 wild boars hunted near
Faisalabad, Pakistan and reported that 66 (69%) Were infested
with endoparasites. These included Ascaris suum in 11
animals, Metastrongylus apri in 12, Paragonimus westermanii in
10, Necator sp. in 3, Bourgelatia diducta in 6, Ascarops
strongylina in 4 and Fasciolopsis buski in 10; 3p animals had

mixed infections with nematodes and trematodes.

Pythal et al. (1993) had reported the death of a wild
Indian leopard in Kerala due to heavy infections with the lung
fluke Paragonimus westermanii and the hook wdrm Galonchus

perniciosus.

Lall (1994) reported that helminthic infections in hippos
were apparently not uncommon but the records were few and
perhaps none 1in India where hippos were found only in
zoological gardens. He also found helminths like Fasciola
gigantica, F. hepatica and paramphistomes in a hippo shot dead

in Kimma, Keffa, Ethiopia.

Chakraborty et al. (1994) reported the para%ites found at
post-mortem in 214 captive wild herbivores |Qf 3 orders
(Artiodactyla, Perrissodactyla and Proboscidea) ﬂn‘Assanlstate

Zoo, India and also observed that the common ne%atodes
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recovered were Haemonchus, Ascaris, Songylonema,
Trichostrongylus, Oesophagostomum, Setaria, Jioctophyma,
Cooperia, Onchocerca, Trichuris, Kiruloma, Cbaberfia, Necator,
Bunostomum, Dictyocaulus, Habronema, Choniangium and
Grammocephalus; the trematodes were Fasciola, Paramphistomum,
Gastrothylax, Fischoederius, Carmyerius, ¢otquphoron,
Gigantocotyle, Homologaster, Pseudodiscus, Pfénderius and
Brumptia while the cestodes were Moniezia, Aﬁoplocephala,

Echinococcus and Taenia.

Varma et al. {(1996) have collected the helmiﬁth parasites
Gigantocotyle explanatum, Moniezia expansa and Trichuris ovis
from the digestive tract of a blackbuck which died in van
Prani Udyan, Wildlife Conservation Management and Surveillance

. . . . |
Unit at Indian Veterinary Research Institute, Izatnagar.

Magzoub et al. (1997) observed the gastro-intestinal
tracts, liver, lungs and kidneys of 240 young and adult Najdi
camels slaughtered in different abattoirs in Gassim Region,
Saudi Arabia and recovered the helminths 1like Haemonchus
longistipes, Nematodirus spathiger, N. dromedarii Parabronema
skrjabini, Camelostrongylus‘ mentulatus, Trichostrongylus
probolurus, Trichuris globulosa, Physocephalds sexulatus,

P, cristatus, Moniezla expansa and Stilesia Vitﬁata.

During post-mortem examination of a tigbr at Nehru

Zoological Park, Hyderabad, Rao and Singh (1998) observed the
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tape worm, Diphyllobothrium latum in the deodenum and jejunum
and in addition, also noted a taeniid species wh%ch possessed

rostellum with hooks.

Amrithraj et al. (1999) recovered 58 mature and nearly
mature echinostomes, Artyfechinostomum malayanum from the
intestine of a small Indian civet (Viverricula indica) in

Trichur, Kerala.

2.3 variation in the prevalence of helminthic
infections

2.3.1 Seasonal variation

During a survey of parasitic infections: ameng wild
mammals and birds at Lucknow Zoo, Chauhan et al. (1973) found
that many mammals were having helminth infectibns and also
observed that the highest incidence of these inffections was
generally present during rainy and winter seasors.’

Mirck (1978) reported that in Utrecht, The Netherlands,
strongylid eggs in horses and ponies were found in 52.4 per
cent in April, 65.2 per cent in Augqust and 50.7 per cent in

October.

Pandey (1978) had examined 191 faecal samples from zoo

animals in Lubumbashi, Zaire in 1974 and 1975 anL found that
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the level of helminthic infections was higher in July than

January of both years.

Su and Lee (1987) had examined faecal samples from deer
in Taiwan and observed that the prevalence of infection with
endoparasites was significantly higher in winter than in

summer and autumn,

In a survey of parasitic infections in Bombay Zoo,
Niphadkar et al. (1983) reported that 36.79 per cent of
carnivores and 15.2 per cent of herbivores were infected and
also that the seasonal variation of the incidene of Toxocara
sp. and hook worms in March was 45.8 per cent; in July, 12.5
per cent; in August, 20 per cent and in other mgnths 4.8 per

cent.

Maske et al. (1990) reported that in Maharaj Bag Zoo,
toxascarids and Ancylostoma infections were commonly
encountered in lions and tigers in rainy and winter seasons,
followed by Paragonimus westermanii and Taenia_piéiformis seen

during winter season.

Sarode et al. (1993) examined faecal sampled of 8 lions,
4 leopards and 2 tigers of Maharaj Bag Zoo, Nagpur and found
that in lions and tigers incidence.of parasitism was higher in
winter {October-January) followed by summer (February-May) and

rainy seasons (June-September) but that in leopards, the
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infection rate was higher in summer season followed by winter

and rainy seasons.

Gupta and Yadav (1997) studied the seasonal‘incidence of
parasites in pony mares at Tarai Area of Uttar Pradesh and
found that Strongylus sp. dominated in the rate >f infection
with highest of 64.52 per cent in winter followed by
Gastrodiscus aegyptiacus with 30.90 per cent ih summer and

Trichonema sp. with 17.74 per cent in winter.

Season-wise prevalence of parasitic infectién in various
species of herbivorous animals in the Sanjay Gandhi Zoological
Park, Patna and the Jawaharlal Nehru Biological Park, Bokaro
Steel C(City was higher in all the seasons i.e., monsoon,
winter, spring and summer seasons as compared to carnivorous
animals. Statistical analysis revealed no signiricant effect
of season on the prevalence of parasites both in carnivorous
and herbivorous animals. Cent per cent parasitlic infection
was observed in elephant, capped langur, golden c¢at and wolf.
All the other animals showed infection rates varying from 12.5
to 75 per cent. The infection rate was found to be constant
throughout the year in both heérbivorous and carnivorous
animals. However, the highest percentage of infection in
rhinoceros, mithun, blackbuck, spotted’deer, tiﬁer and bear
was found more in monsoon, whereas in sambar, gdlden langur,

clouded leopard and leopard it was in winter and in menkey in

.summer. There was no specific period during the year when the
N [
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infection rate in a particular species of wild adimals became
abnormally high which might be due to the fact that most of
the herbivorous and carnivorous animals mainiained under
captivity were stall fed and once they acquire infection
through food and-water they remain infected for most part of
the year irreépective of seasonal variation (&odi et al.,

1997b) .

Magzoub et al. (1997) examinéd 1200 fresh faecal samples
obtained from Najdi camels in Gassim Region of Saudi Arabia
and observed that the incidence of infection ranged from 62
per cent to 90 per cent. They also reported that high
incidence of infection with strongyle-type and low incidence
with Nematodirus were observed during rainy sea@on and that

the reverse during the dry season.

Bhat and Manickam (1998a) « studied the intensity of
gastro-intestinal mnematode infections in sambar (Cervus
unicolor) during different seasons at J. Jayalalitha Wildlife
Sanctuary, Mudumalai, Guindy Childrens' Park and Arignar Anna
Zoological Park, Madras and found that the means of egg per
gram of nematode infections were not signifi¢ant between
seasons and parks. The season-wise mean eggs per gram in
sambar during different seasons in different stud* area varied
from 4 + 1.63 in summer to 22 + 3.27 in winter in Arignar Anna
Zoological Park, from 11 x 2.78 in summer to é7 + 5.39 in

winter in Guidy Childrens' Park and from 4 + 2.22 in summer to
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24 + 4.76 in south west monsoon in J. Jayalalitha Wildlife

Sanctuary.

Bhat and Manickam (1998b) studied the seasonal variation
in parasitic burden in spotted deer (Axis axis) in different
sanctuaries in Tamil Nadu and reported that the wean eggs per
gram of gastro-intestinal nematodes varied from 2 & 1.33 to 32
+ 4.42 during different seasons in different study areas. It
was also observed that the egg coﬁnts were generally high in
free-living animals at J. Jayalalitha Wildlife Sanctuary,
Mudumalai and Guindy National Park, Madras as'compared to
captive animals at Arignar Anna Zoological Park and Guindy

Children's Park, Madras where regular deworming was followed.
2.3.2 Age variation

Mirck (1978) has examined 3791 faecal samples of horses
and ponies in Utrecht, The Netherlands and réported that
Strongyloides westeri eggs were found in 56.4 per cent of
foals aged less than 6 months and in 12.3 per cent of those
aged 6-12 months. He also observed that the egds of Oxyuris
equi or larvae of Dictyocaulus arnfieldi were not found in
animals over 10 years and that the eggs of Parascaris equorum

were found in animals upto 15 years old.

Humbert and Henxy (1989) studied the prevalence of lung

and stomach nematodes in wild boars and observed 92 per cent
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and 97 per cent rates respectively. They also reported that
in both cases, intensity of infection was l:ignificantly

greater in young wild boars less than one year age than in the

older animals.

Salman and Shah (1989) stated that the severity of
gastro-intestinal nematode infections was more, in the Lucky
Irani Circus than in the Lahore and Bahawallpur Zoos in
Pakistan, probably due to more conducive c¢nditions for
parasitic infections in lion cubs than in adulqs, reflecting

an age-dependant prevalence.

The influence of age on the parasitic load in both
herbivorous and carnivorous zoo animals in Sanjay Gandhi
Zoological Park and Jawaharlal Nehru Biclogical Park in Bihar
was studied by Modi et al. (1997c); the adult animals were
found to carry higher infection (47.89% in hdrbivorous and
57.81% in carnivorous animals) as compared t¢ their young
counterparts (44.12% in herbivorous and 18.75% in carnivorous
animals) . It was also observed that age hall significant
influence on the parasitic load only in the case' >f carnivores

and not amongst herbivores.

2.3.3 Sex variation

fections were

Conti et al. (1983) have reported that among black bears
in Florida, USA the intensities of helminthic i

significantly higher in wmale animals.
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Delahay et al. (1998) reported that the prevalence of
infection with Toxocara cati was significantly higher in

female cats of wild type.

Influence of sex on the prevalence éf parasitic
infections among zoo animals of Bihar revealed that the
average infection rate was higher in males in both lerbivorous
(50.00%) and carnivorous animals (58.54%) as compared to that
of females of both groups of animals i.e., 44.26 per cent and
41.03 per cent respectively. But on statistical %nalysis this
difference was found to be non-significant. Males of
rhinoceros, mithun, nilgai, spotted deer and dolden langur
were found to be infected more than their relevant female
counterparts. However, in case of blackbuck sambar and
monkey, females were more infected as compared t¢ males (Modi

et al., 1998).

2.4 Treatment for helminthic infectioﬂs in zoo

mammals

Kageruka and Puljenbroeck (1967) reported that a single
oral or parenteral dose of Tetramisole (1.5 mg/kg body weight)
was effective in lions, tigers, leopards, jaguars, pumas and

foxes against Toxascaris sp., Toxocara sp. and.Ancylbstoma sp.

but not effective against Trichuris sp.
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Chandrasekharan et al. (1970) reported that %hiabendazole

at 50 mg/kg body weight orally was 100 per cent effective in
treating camels which had Trichostrongylus infedtion but was

not effective in Trichuris infection.

Chandrasekharan et al. (1971) reported that Helmatac
Premix at a dose rate of 20 mg Parbendazole per kg body weight
was 100 per cent' effective against natural infection of
Trichostrongylus sp. in camel, Haemonchus c@ntortus and
Strongyloides sp. in Nilgiri Tahr kids and about 50 per cent
effective against Trichuris sp. in Nilgiri Tahr kids. It was
observed that the drug was ineffective against\Mbniezia and

amphistomes in Nilgiri Tahr.

Nilverm at a dose rate of 15 mg Tetramisole per kg body
weight was 100 per cent effective against Triihostrongylus
colubriformis as well as Impalaia sp. in camel and Haemonchus
contortu§ in Nilgiri Tahr and ineffective againsI amphistomes

of Nilgiri Tahr (Chandrasekharan et al., 1972).

Chandrasekharan et al. (1973) conducted clinical trials
with Banminth IT at a dose rate of 10 mg of Morantel tartrate
per kg body weight against naturdlly occurring infections of
gastro-intestinal nematodes of two Nilgiri Taﬁr{kids, one
nilgai calf, one wild pig, one camel, one lion cub and one
zebra and reported that the drug was 100 per cént effective

against Trichostrongylus colubriformis of Nilgiﬁi Tahr kids,
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camel and nilgai' calf and Toxasvaris leonina pf lion cub;
96.77 per cent effective against Oesophagostomum sp. of wild
pig and 40 per cent and 48 per cent respectﬂvely against
Trichuris sp. of male Nilgiri Tahr kid and Trichukis globulosa

of camel.

Dollinger and Ruedi (1974) reported that Mébendazole at
40 mg/kg body weight for 5 successive days was 97-100 pexr cent
effective againét Trichuris infgctions in monkeys and also
that Levamisole by wouth was highly effective against
Strongyloides stercoralis as well as §. fuell teborni and

satisfactory against Trichuris infections.

Movchan and Veselova (1975) listed the antihelmintics
used at the Sukhumi Primate Centre, Moscow, USSR and reported
that Diethylcarbamazine phosphate at 1, 5 or 20 mg/kg body
weight were effective for microfilariae, Oes¢phagostomum,
Strongyloides and Ancylostoma; Thiabendazole at 25 or 100
mg/kg for Strongyloides, Ancylostoma and Oesophagostomum and
Tetramisole (Nilverm) at 1, 5 or 15 mg/kg for qhe nematodes

already mentioned as also Acanthocephalus.

Forstner et al. (1976) studied the efficacy and safety of
Mebendazole in zoo ruminants at the Hellabrunn Zow, Munich for
3 years and reported that a daily dose of 5 mg/ky body weight
for 14 days for ruminants was effective against Trichuris,

Capillaria, Protostrongylus and strongyles.
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Krait et al. (1977) reported that Tetramiéole at 10-15
mg/kg body weight was highly effective against nematodes
(Trichocephalidae, Capillariidae, Trichstrongylidae and

Strongylidae) in deer in Voronezh National Park, USSR.

Methyridine 90% injectable solution (1 ml/4.5 kg body
weight) subcutaneously and Morantel Tartrate 4% (1 ml/4 kg
body weight) orally were highly effective against mixed
infection of Trichuris, Haemonchus, Nematodirus and
Strongyloides as also against single infection of Trichuris in
camels. Tetramisole Hydrochloride 3% (0.5 ml/kg body weight)
orally was next in the order of merit but Thiabendazole (90
mg/kg body weight) did not give encouraging résults (Lodha

et al., 1977).

Enigk and Dey-Hazra (1978) tested Febantel (Rintal)
against gastro-intestinal nematodes in various wijld ‘even-toed
ungulates, solipeds and carnivores and reported that adult
strongylids (except hook worms) were eliminated from wild
ruminants by a single dose of 5.0 mg{kg body weight and from
dromedaries by 7.5 mg/kg; adult hook worms in wild felids by

3x10 mg/kg on 3 successive days and Toxascaris as well as

Toxocara infections of wild felids by 10 mg/kg.

Eriksen (1978) reported that recommended doses of
Mebendazole against cestodes in zoo animals in Denmark were

5-10 mg/kg body weight over 5 succéssive days for primates; 15
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mg/kg body weight over 2 successive days for carrlivores and 15

mg/kg on 2 successive days for Artiodactyla.

Ramisz et al. (1978) reported that Fenbeldaiole at 25
mg/kg body weight (two doses at 6-7 days apart) was highly
effective against Trichocephalus sp. and Ancyl?stOma sp. in

monkeys in a zoo in Poland.

Bockeler and Lindau (1978) reported that Fenbendazole, as
Panacur pellets 1.5 per cent, at 7.5 mg/kg body weight was
highly effective against trichostrongyle aﬁd strongyle
infections in wild ruminants at Cologne Zoo, Gérman Federal
Republic and also that carnivores were compleﬂely cured of
trichurids, ascarids and Capillarfia by 50 wmg/kg bpdy weight of

Fenbendazole.

Thiophanate at a dose rate of 50 mg/kg-body weight was
found to be 100 per cent effective against Oegophagostomum
dentatum of two wild boars and 85.72 to 100 per cent against
foxascaris leonina of five lion cubs (Chandrasek$aran et al.,

1979) .

Litvinov and Zen' -Kov (1979) have mcountered

Belorussian SSR and sﬁccessfullyutreated the i

Metastrongylus in upto 100 per cent of young wild|boars in the
fection with

Nilverm or Tetramiscle granules.
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Lakshmanan and Joseph (1980) reported thaﬂ Helmacid and
Necbidermin were effective in the treatment of Toxascaris

leonina and Ancylostoma spp. infections in liods.

Goltenboth (1981) reported that a Febanteh preparation
was used to treat parasitic infections of =zoo animals
including 20 different species comprising mon$eys, various

'felids, bears, giant pandas, wild boars, armadillos, camels

and kangaroos and that good results were obtainkd.

Kumar et al. (1981) reported that 7 Ateles monkeys (4 A.
belzebuth and 3 A. paniscus) were unsuccessfull& treated for
spirurid infeqtion daily for 5 days (days 0 to 4) with
Mebendazole at a dosage increasing from 20 to 40 mg/kg, the
course being repeated on days 15 to 19 and Fhat finally
successfully treated with Levamisole at 8 mg/kg pn day 30 and

again, where necessary, on days 35 to 38 at 10 wmg/kg.

A suspected case of dictyocauliasis in a pony was
successfully treated with Mebendazole 20 mg/kg. body weight

daily for 4 days (Church, 1983).

Tanwar et al. (1984) reported that Piperazine adipate was
highly effective for the treatment of the nematddes Toxocara
cati and Toxascaris leonina in an Asian lion at %he dose rate

of 100 mg/kg body weight.
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Flach and Sewell (1987) rep&fted that monthly treatment
was necessary to eliminate parasitic infections from black
buck and also that Oxfendazole was highly effective against
Camelostrongylus mentulatus infection in blackbuck but

ineffective against Nematodirus spathiger.

Bansal et al. (1989) reported that Albendazole at 5 mg/kg
body weight was 100 per cent effective against
Trichostrongylus, Haemonchus, Bunos tomum, Oesophagosﬁomum,
Strongyloides and Nematodirus infections in camels but was

ineffective against Trichuris.

Knottenbelt (1989) suggested a list of drugs for
treatment of parasitic infections in wild animals. For
nematodes, Fenbendazole - 10% (1 ml/20 kg), Ivermectin (2
ml/50 kg) and Piperazine hydrochloride - 64.5% (30 g/100 kg)

orally in food; Levamisole - 2.5% (3 ml/10 kg) orally in water

and Ivermectin - 1% injectable (1 ml/50 kg body weight
sub-cutaneously) were highly effective. For' cestodes,
Niclosamide - 20% (1 ml/4 kg) orally in water and for

trematodes, Rafoxanide - 3% (2.5 ml/10 kg) orally in water as
well as Nitroxynil - 34% injectable (1.5 ml/150 Kkg) were

effective.

Jones (1989) suggested that Fenbendazole (5 mg/kg),
Thiabendazole (50 mg/kg), Oxfendazole (5 mg/kg), Levamisole

granules (7.5 mg/kg), Levamisole + Oxyclozanide (1.5 mg/kg and
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15 mg/kg respectively) as well as Albendazole (5 mg/kg) orally
in food and Levamisole (7.5 mg/kg) subcutaneously were

effective against helminthic infections in deer.

Maity et al. (1994) reported that Nemocid at 1.5 tablets
(375 mg of Pyrantel Pamocate/animal) orally was effective

against c¢linical toxocariasis in snow leopards.

Fenbendazole at 10-15 mg/kg body weight was more
effective than Albendazole and Mebendazole for the treatment

of hook worm infections in tigers (Gogoi, 1994).

Partani et al. (1995) conducted an experiment in camels
naturally infected with mixed inféctions of gastro-intestinal
nematodes and treated them with Albendazole, Fenbendazole,
Levamisole, Tetramisole and Ivermectin and also observed a
suspected resistance of Strongyloides papillosus to
Fenbendazole and of Haemonchus longistipes to Tetramisole. It
was alsc found that all the anthelmintics had an efficacy of
greater than 95 per cent and that the lower confidgnce limit
of Albendazole, Levamisole and Ivermectin was higher than 95

per cent whereas it was less than' 90 per cent in the case of

Fenbendazole and Tetramisole.



Materials and Methods




Chapter - III

MATERIALS AND METHODS

3.1 Prevalence of helminthic infection in the zoo
mammals '

Investigation on the prevalence of helminthic infections

in the zoo mammals was carried out by recognising faecal eggs

and identification of worms collected after faecal examination
and post-mortem examination respectively over a period of one

year from May,“98 to April, “99.
3.1.1 Faecal examination

The details regarding the mammals present in the zoo is
given in the Table 1. Fresh faecal samples were collected in
separate polythene sachets of 5"x6" in size for each animal
and labelled with proper indentification of species, age, sex
etc. of the animals. Then the sachets were stapled and
brought to the laboratory for the examination. The samples
were processed with the concentration method of

centrifugation-cum-sedimentation technique.
Sedimentation Technique

A small quantity of the sample, of about the size of pea,
was thoroughly emulsified in a mortar and pestle, with about

10 ml of water. This emulsion was then strained through a
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Table 1. Showing the details regarding wild mammals present in
the Thrissur Zoo (as on May, 1998)

sl Species Category of animals Total
No.
Male Female Young
(Below 1 yr)
Herbivores

1, Spotted Deer

Axis axis (Erxleben) 45 51 9+ 105
2.  Sambar .

Cervus unicolor (Kerr) 11 6 - 17
3. Hog-Deer ,

Axis porcinus (Zimmermann) 4 4 2% 10
4. Barking deer

Muntiacus muntjak (Zimmermann) 1 - - 1
5. Blackbuck

Antelope cervicapra (Linnaeus) 4 1 1 6
6. Kashmere Goat

Capra sibirica (Pallas) 2 - - 2
7. Camel

Camelus dromedarius (Linnaeus) 1 1 - 2
8. Hippopotamus

Hippopotamus amphibius (Linnaeus) 1 2 - 3
9. Pony

Equus caballus (Linnaeus) 1 - - 1

Omnivores

10. Bonnet Macaque

Macaca radiata (Geoffroy) 19 . 15 2 36
11. Liontailed Macaque

Macaca silenus (Linnaeus) 3 1 - 4
12. Rhesus Macaque .

Macaca mulatta (Zimmermann) - 1 - 1

(Contd.)
* Sexes were not determined



Table 1 (Contd.)

13. Himalayan Black Bear
Selenarctos thibetanus

{G. Cuvier) 1 - - 1
14. Sloth Bear
Melursus ursinus (Shaw) 1 - - 1
15. Indian Porcupine
Hystrix indica (Xerr) 2 - - 2
16. Indian Wild Boar
Sus scrofa cristatus (Wagner) 3 3 - 6
17. Small Indian Civet
’ Viverricula Indica (Desmarest) 2 2 - 4
18. Common Palm Civet ,
Paradoxurus hermaphroditus 2 2 -. 4
(Pallas)
Carnivores
19. Asiatic Lion
Panthera leo persica (Meyer) 3 -3 - 6
20. Indian Leopard i
Panthera pardus fusca (Meyer) 3 - - 3
- 21. Jackal
Canis aureus (Linnaeus) 1 - - 1
22. Jungle Cat
Felis chaus (Guldenstaedt) 1 - - 1

Total 111 92 - 14 217
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seive into a suitable container to remove all the coarser
particles. The filtrate was then poured into |a centrifuge
tube just upto an inch below the brim and centrifuged at 1,000
rpm for 1-2 minutes. The supernatant fluid was then thrown
off retaining only a small quantity required té re-emulsify
the sediment. A drop of the re-emulsified material was
transferred to a slide, covered with a 22 mm square coverslip

and examined for any ova of helminth parasites.

The ova of the helminth parasites were identified on
morpholcogical basis and the infections were graded as light
(+), medium (++ to +++) and heavy (++++ and abové), each plus

representing an ovum per field under low power.

After the examination, the processed faecal samples were

preserved in 7 ml and 10 ml plastic vials with 10% formalin.

Microphotographs of the ova of different helminth
parasites encountered in the various species of wild mammals

were taken from the preserved faecal samples.
3.1.2. Post-mortem examination

The worms collected if any from the animals during
post-mortem examination, usually conducted at the zoo, were
identified on morphological basis after staining|with carmine
solution in case of trematodes as well as cestodes and

clearing with lactophenol or creosote in case of nematodes.
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Chapter - IV
RESULTS

4.1 General health alterations in the zoo animals
due to parasitic infections

The wild mammals in the zoo did not show considerable
specific clinical symptoms due to parasitic infections during .
the study period. However, general weakness and debility were
seen in a number of animals such as bonnet macagques, Indian
wild boars, Indian porcupines, Kashmere goat, ﬁlackbuck and
jungle cat which were positive for infections. Occasional
diarrhoea and dehydration were also seen. in Aéiatic lions,
jackal, jungle cat, Indién leopards and bonnet maFaques due to
consistent ascarid and hook worm  burdens. In an Indian
leopard, which was infected with .Paragonimus,i respiratory
distress along with consistent cough was seen. Alopecia was

seen in camels and bonnet macaques which were positive for
|

helminthic infections.

4.2 Prevalence of helminthic infections among zoo
mammals

4.2.1 Determination by faecal examination
The month-war prevalence of helminthic infections among

the mammals of the zoo is presented in Table2 and 3raph 1. It

was observed that the highest prevalence was found during the



Table 2.

Month-war prevalence of helminthic infections among mammals

" Herbivores omnivores Carnivores Mammale as whole
ench Number of Number of Preva- Number of Number of Preve- Number of Number of Preva- Number of Nurhber of Preva-
samples samples lence samples pamples lence eamples samples lence samples sarples lence
examined found (%) examined found (%) examined found (%) examined found (%)
positive poaitive positive positive
May-+98 34 21 61,76 20 2] 40.00 [ S 83,33 60 24 56.66
Jun--98 32 26 81.25 21 14 66.66 ? 6 85.71 60 46 716.566
Jul-‘98 47 4] 87.23 25 22 88.00 10 9 90.00 82 72 87.80
Aug-'98 5% 49 89.09 25 22 88.00 9 8 g8.88 89 79 88.76
Sep--98 59 50 84.74 26 23 B68.46 9 8 88.88 94 81 86.17
Oct-+98 59 47 79.66 25 22 88.00 7 [ 85,71 91 1z 82.4:%
Nov-‘98 59 a8 61.01 27 20 74.07 28 22 78.57 114 78 £8.42
Dec-'98 34 16 47.05 22 11 50.00 25 13 52.00 81 40 49.38
Jan-'99 34 16 47.05 20 12 6§0.00 11 36.36 65 32 49.23
Fab-'99 3 16 47.05 21 B8 39.09 11 9 8l.81 66 33 . 50.90
Mar-'99 35 17 48.57 23 9 39,13 11 9 gl.et 69 35 50.72
Apr-’99 53 26 49,07 25 12 48.00 12 11 91.66 50 49 54.44
Whole
yaar 535 361 67.47 280 183 65.35 146 110 75.34 961 654 £66.05

LY



Graph 1. Month-war prevalence of helminthic infections among mammails
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months of July, August, September and October, the rates being
87.8 per cent, 88.76 per cent, 86.17 per cent and 82.41 per
cent respéctively and that moderate prevalence waé encountered
during the months of June (76.66%) and November (68.42%).
During the other months of the study period the prevalence was
comparatively lower, being only 49.38 per cent in December,
49.23 per cent in January, 50 per cent in Februafy, 50.72 per
cent in March, 54.44 per cent in hpril and 56.66 per cent in
May. The overall prevalence of the infection ﬁas'68.05 per
cent. Carnivores had the highest prevalence (75.34%) when

compared to herbivores (67.47%).and omnivores {65.35%).
Herbivores

The species-wise monthly prevalence and 'the type of

helminthic infections among herbivores are presented in Table

3 and 4.

In Spotted Deer, out of 252 saﬁples (8@ males, 96
females, 6 from below 1 month and 66 from 1 mon%h to 1 year)
examined, 161 (61 males, 66 females and 34 from:l month to 1
year) samples(63.88%) were positiﬁe; strongyle QFig.1—3) and
amphistome 1infections were present thfoughoué the study
period; Strongyloides present except in May and March;
spirurid (Fig.4) except in May, February and Aprii and ascarid
present only in May. The overall intensity of infection
varies from + to +++ during the period. Multiple infections

were present in 53 samples examined.
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In the case of Sambar, out of 75 samples k31 males, 33
females, 2 from below 1 month and 9 from 1 month to 1 year)
examined, 47 (20 males, 25 females and 2 from |1 month to 1
year) samples (62.66%) were positive foﬁ helminthic
infections; strongyle and amphistome infections]were present
in May, June, July, August, September, October, November,
January and April and in July, August, september, October,
February, March and April respectively. Spirurid and ascarid
infections were also present in July, Augustb September,
October, November, December and January and ih—May, June,
August, September and October respectively. Mixed infections
were seen in 23 samples studied. The overall:inpensity of

infection in Sambar varied from + to +++ during the period.

Out of 54 Hog-Deer samples (24 males, 25 feméles and b5
from 1 month to 1 year) examined, 34 (15 males, l% females and
4 from 1 month to 1 year) samples (62.96%) weregpositive for
helminthic infections; strongyle infection was p%esent in all
the months except in March; amphistome infection in July,
September, October, March and April; spirurid infection except
in May, June and July and Strongyloides and ascarﬂd infections
in June and in August and October respectively. &The overall
intensity of infection varied from + to ++ duriﬁg the study

period. Twelve samples were positive for mixed infections.
L]

Among Barking Deer, 12 samples (males) were examined of
which 3 (25%) were positive; spirurid and strongyle were found

in the months of July, August and of October respectively.
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Mixed infections were present in one sample. The overall

intensity of infections varied from + to ++ during the entire

study period.

In Blackbuck, out of 45 samples (40 males, ﬁ females and
3 from 1 month to 1 year) examined, 38 (33 malep5, 2 females
and 3 from 1 month to 1 year) samples (84.44%) were positive
for helminthic infections; strongyle (Fig.5) 'was present
throughout the study period. Spirurid, Strongyloides and
ascarid infections were present during the months of January,
February and March, of August and of June respectively. Mixed
infections were present in 11 samples and the overall
intensity of infection varied from + to ++++ during -the entire

period.

Out of 24 faecal samples from Kashmere éoat (males)
examined, 23 (95.83%) were positive; strong?le' (Fig.6)
infection was present throughout the study period.
Strongyloides and spirurid infections in the months of May,
June, August and September and of October, Novem$er, January
and February respectively; Fasciocla in June and'August and
Trichuris only in May and September. The overall intensity of
infection varied from + to ++++. Multiple infections were

. . . . | .
present in 14 samples examined during the entire study period.

In the case of Camel, out of 35 samples (17 &ales and 18
females) examined, 28 (16 males and 12 females)samples (80%)

were positive; strongyle infection was present i% the months
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of May to November and Trichuris (Fig.7) in t%e months of
September to Fébruary as well as April; Strongyloides
infection was present in June, September and February;
ascarid in June and Jﬁly and spirurid only 'in October.
Multiple infections were present in 14 sampleslfxamined and

the overall intensity of infection varied from + to +++ during

the study period.

Among 26 Hippopotamus samples (12 males and 14 females)
examined, 22 {10 males and 12 females) samples {84.61%) were
positive for helminthic infections; strongyle ipfection was
present during the entire study period except in June, July,
and January; ascarid present in July, August, September and
December and spirurid in June, July, August énd Qctober.
Multiple infections were present in 9 samples and the overall
intensity of infection varied from + to ++ duri#g the study

period.

In Pony, out of 12 samples (males) examined & (41.66%)
were positive for helminthic infections; Sirongyloides
infection was present in the months of June and August ;
Parascaris in July and October and spirurid in‘August and
September. Multiple infection was present in one sample and

the overall intensity ranged from + to ++ during the study

period.



Table 3. Species-wise monthly prevalence of helminthic infections among herbivores:

3.1 Spotted Deer

Number of samples examined Number of samples found poeitive Preva-
Month lence

Hale Female 1 month-1 year Below 1 month Total Male Female 1 month-1 year Below 1 month Total (%)

May-98 3 3 5 - 11 2 2 2 - 6 54,54
Jun-~‘98 3 4 3 - 10 2 3 3 - 8 80.00
Jul-98 9 9 8 - 26 8 5 - 21 80.76
Aug-'98 12 12 7 - 31 11 10 5 - 26 83.87
Sep-'98 10 14 9 2 35 i0 13 6 - 29 82.85
Ooct-'98 9 12 7 3 31 8 9 5 - 22 70.96
Nov-'98 13 13 & - 32 5 6 2 - 13 40,62
Dec-'98 - 4 4 3 - - 11 3 3 - - 6 54.54
Jan-‘99 q 5 3 12 3 q - - 7 58,33
Feb-'99 4 q 2 1 11 3 1 1 - 5 45.45
Mar-r99 4 4 4 - 12 2 3 - - 5 41.66
Apr~-'99 g 12 9 - 30 4 4 5 - 13 43.33
Whele

year 84 96 (1 6 252 61 66 34 - 161 63.88




Table 3.2 Sambar

Number of samplee examined Number of samples found positive Preva-
Month lence

Hale Female 1 month-l1 year Below 1 month Total Male . FPemale 1 month-l year Below 1 month Total (%)

May-*98

4 4 - - 8 2 2 - - 4 50,00
Jun-’98 2 3 - - 5 2 3 - - 5 100.00
Jul-'98 3 3 - - 6 2 3 - - 5 83.33
Aug-98 2 4 1 - 7 2 4 - - 6 85.71
Sep-'98 3 3 - - 6 3 2 - 5 83.33
Oct-'98 4 3 1 - 8 2 3 1 - 6 75.00
Nov-'98 3 1 - - 4 2 1 - - 3 75.00
Dec-'98 2 2 - 1 5 1 - - - 1 20.00
Jan-'99 2 2 1 1 6 1 2 - - 3 50.00
Feb-'99 2 2 2 - 6 - 2 - - 2 _ 33.33
Mar-'’99 2 3 ° 2 - 7 2 1 - - 3 42.85
Apr-'99 2 3 2 - 7 1 2 1 - 4 57.14
Whole

year 31 33 9 2 75 20 25 2 - 47 - 62.66




3.3 Hog-Deer

Number of samples examined " Number of samples found positive Preva-
Month lence

Male Female 1 month-1 year Total Male Female 1 month-1 year Total (%)

May-‘98 1 2 - 3 - 1 1 1 33.33
Jun-‘98 2 2 - 4 1 - - 1 25,00
Jul-’98 2 2 - 4 2 2 - 4 100.00
Aug-‘98 1 2 2 5 1 2 2 5 100.00
Sep-'98 2 2 1 5 2 2 - 4 80.00
Oct-'98 3 2 1 6 3 2 1 6 100.00
Nov-'98 2 2 1 5 2 2 1 5 100.00
Dec-'98 - -2- 2 - - 4 2 - - 2 5¢.00"
Jan-'99 2 2 - 4 - 1 - 1 25.00
Feb-'99 3 3 - 6 1 - - 1 16.66
Mar--+99 2 2 - 4 1 1 - 2 50.00
Apr--+99 2 2 - 4 - 2 - 2 50.00
Whole .

_year 24 25 5 54 15 15 : 4 34 62.96

bg



3.4 Blackbuck

Number of samples examined Number of samples found positive  Preva-
Month lence

Male Female 1 month-1 year Total Male Female 1 month-l1 year Total (%)

May-"98 2 1 1 4 2 1 1 4 100.00
Jun-"'98 3 1 - 4 3 1 - 4 100.00
Jul-98 2 - 1 3 2 - 1 3 100.00
Aug-98 3 - 1 4 3 - 1 4 100.00
Sep~-"98 4 - - 4 4 - - 4 100.00
Oct-'98 4 - - 4 4 - - 4 100.00
Nov-'98 4 - - 4 4 - - 4 100.00
Dec-'98. 3 - - - 3 1 - - 1 33.33
Jan-"99 4 - - 4 1 - - 1 25.00
Feb-'99 3 - - 3 2 - - 2 66.66
Mar-+99 4 - - 4 4 - - 4 100.00
Apr--99 4 - - 4 3 - - 3 75.00
Whole

_ year 40 2 3 45 33 2 3 38 84.44

SS



3.5 Pony, Barking Deer and Kashmere Goat

Pony (1 male) Barking Deer (1 male) Kashmere Goat (2 males)

Month

Number of Number of Preva- Number of Number of Preva- Number of Number of Preva-

samples samples lence samples samples lence samples samples lence

examined found (%) examined found (%) examined found (%)

positive : positive positive

May-‘98 1 - 0.00 1 - 0.00 2 2 100.00
Jun-‘98 1 1 100.00 1 - 0.00 2 2 100.00
Jul-‘98 1 1 100.00 1 1 100.00 2 2 1060.00
Rug-'98 1 1 100.00 1 1 100.00 2 2 100.00
Sep-'98 1 1 100.00 1 - 0.00 2 2 100.00
Oct-'98 1 T 1 100.00 1 1 100.00 2 2 100.00
Nov-'98 1 - 0.00 1 - 0.00 2 2 100.00
Dec-"98 1 - 0.00 1 - 0.00 2 1 50.00
Jan--99 1 - 0.00 1 - 0.00 2 2 100.00
Feb-'99 1 - 0.00 1 - 0.00 2 2 100.00
Mar-'99 1 - 0.00 1 - 0.00 2 2 100.00
Apr-‘99 1 - 0.00 1 - 0.00 2 2 100.00
Whole .
year 12 5 * 41.66 12 3 25,00 24 23 95.83

99



3.6 Camel and Hippopotamus

Camel Hippopotamus

Month

Number of samples Number of samples Preva- Number of samples Number of samples Preva-

examnined found positive lence examined found positive lence
% (%)

Male Female Total Male Female Total ) Male Female Total Male Female Total
May-"98 1 1 2 1 1 2 100.00 1 1 2 1 1 2 100.00
Jun-'98 1 1 2 1 1 2 100.00 1 2 3 1 2 3 100.00
Jul-’98 1 1 2 1 1 2 100.00 1 1 2 1 1 2 100.00
Aug-"98 1 1 2 1 1 2 10C.00 1 1 2 1 1 2 100.00
Sep-'98 1 2 3 1 2 3 100.00 1 1 2 1 1 2 100.00
Oct-r98 2 2 4 2 1 3 75.00 1 1 2 1 1 2 100.00
Nov-‘98 -4 4 8 4 4. 8 100.00 1 1 2 - 1 1 50.00
Dec-~'98 2 2 4 2 - 2 50.00 1 2 3 1 2 3 100.00
Jan-'99 1 1 2 1 - 1 50.00 1 1 2 1 - 1 50.00
Feb-'99 1 1 2 1 1 2 100.00 1 1 2 1 1 2 100.00
Mar-°95 1 1 2 - - - 0.00 1 1 2 1 - 1 50.00
Apr-"99 1 1 2 1 - 1 50.00 1 1 2 - 1 1 50.00
Whole
year i7 18 35 16 12 28 80.00 12 14 26 10 12 22 84.61

Lg




Table 4. Month-war prevalence of infection in the various species of Herbivores (details

regarding intensity and nature of infection described in the text)

Month  Gpotted Dear Sambar Hog-Deer Blackbuck Pony BarkingDear Kashmore Goat Camal Hippopotamus

May-98  Amphistome Strongyle Strongylae Strongyle - - Strongyle Strongyle Strongyle
Strongyle Aacarid Strongyloides
Asgcarid Trichuris

Jun-98  Amphistoce Strongyle Strongyle Btrongyle Strongylocides - Strongyle Strongyle Fasciola
Strongyle Agcarid Strongyloides Ascarid Strongyloidas Strongyloides Spirurid
Strongyloides Amphistome Fasciola Ascarid
Spirurid

Jul-98  Amphistome Strogyle Stxongyle Strongyle Parascaris Spirurid Strongyle Strongyle Fasciola
Strongyle Rmphistone Amphistcma . Fasciola Ascarid Spiruxid
Strongyloides Spirurid Spirurid Ascaxid
Spirurid

Aug-98 Amphistome Strongyle Strongyle Strongyle Strongyloides Bpirurid Strongyle Strongyla Strongyle
Strongyle Anphistome Spirurid Strongyloides Spirurid Strongyloides Spirurid
Strongyloides Bpirurid Ascarid Fasciols Apcarid
Spirurid Racarid -

Sep-98 Amphistome Strongyle Strongyle Strongyle Spirurid - Strongyle Strongyle Strongyle
Strongyle Amphistome Spirurid Stongyloides Strongyloides RAscarid
Strongyloidas Spirurid Amphistomae Trichuris Trichuris
Spirurid Ascarid

Oct-98  Amphistome Strongyle Strongyle Strongyle Parascaris Spirurid Strongyle Strongyle Strongyle
Strongyle Rmphistome Spirurid Strongyle Spirurid Spirurid Spirurid
Strongyloides Spirurid Axphistome Trichuris
Spirurid Ascarid Asoarid

Nov-98 Aophiptone Strongyle Strongyle Strongyle - - Strongyle Strongyle Strongyle
Strongyle Spirurid Spirurid . Spirurid Trichuris
Strongyloides N
Spirurid

Contd.




Tabls 4 (Contd.)

Dec-98

Jan-99

Feb-99

Mar-99

Apr-99

Amphistome
Strongyle
Strongyloides
Spirurid

Amphistome
Strongyle
Strongyloides
Spirurid

Amphistome
Strongyle
Strongyloides

Amphistome
Strongyle
Spirurid

Amphistome
Strongyle
Strongyloides

Spirurid

Strongyle
Spirurid

Strongyle
Amphistome

Axmphistome
Spirurid

Strongyle
Amphistome
Spirurid

Strongyle
Spirurid

Strongyle
Spirurid

Strongyle
Spirurid

Amphistome
Spirurid

Amphistome
Strongyle
Spirurid

Strongyle

Strongyle
Spirurid

Strongyle
Spirurid

Strongyle
Spirurid

Stréhgylo

Strongyle

Strongyle
Spirurid

Strongyle

Spirurid

Strongyle

Strongyle

Trichuris

Trichuris

Trichuris
Strongyloides

Trichuris

Strongyle
Ascarid

Spirurid

Strongle

Strongyle

Strongyle




Fig.1 A type of strongyle ovum from Spotted Deer (x 450)

Fig.2 Another type of strongyle ovum from Spotted Deer (x 450)






Fig.3 A third type of strongyle ovum from Spotted Deer (x 450)

Fig.4 Spirurid ovum from Spotted Deer (x 450)






Fig.5 Strongyle ovum from Blackbuck (x 450)

Fig.6 Strongyle ovum from Kashmere Goat (x 450)
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Omnivores

The species-wise monthly prevalence and the type of

helminthic infections among omnivores are presented in Table

5and 6 .

In Bonnet Macaques out of 101 samples (38 males and 49
females from above 1 year; 10 males and 7 females from L
month to 1 year group and 2 males from below one month group)
examined, 63 (25 males as well as ?7 females from above 1 year
and 5 males as well as 6 females from one month to 1 year
group) samples (62.37%) were positive Tfor helminthic
infections. Strongyloides infection was present throughout
the study period; strongyle (Fig.8) present except in the
month of May; spirurid present in the months of June, July,
October and November; ascarid in the months of August and
September; Hymenolepis (Fig.-10) in the months of July and
August; Metagonimus in the months of July and January and
Trichuris (Fig.9) present only iniMay- The overall intensity
of infection varied from + to ++++ and 32 samples were having

multiple infections.

In case of the Liontailed Macaque, 38 samples (31 males
and 7 females) were examined and 23 (18 males and 5 females)
of the same (61.52%) were found positive Tfor helminthic
infections. Strongyloides and strongyle infections were
present in the months of July, August, September, October,

November, January and February and of July, August, September,
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October, November and December respectively; spirurid in July,
August and September and ascarid iIn September and October.
Multiple infections were present in 15 samples and the overall
intensity of infection varied from + to +++ during the study

period.

Out of 12 samples of a female Rhesus Macaque examined, 8
66 .66%) were positive for helminthic infections. Strongyle
and Capillaria {Fig.11) infections were present in the months
of September, October and November and of June and July
respectively; ascarid in May, July, September and October;
spirurid in November and February and Trichuris (Fig.12) only
in March. The overall intensity of infection ranged from + to

++++ and multiple iInfections were present iIn 3 samples.

In the case of Himalayan Black Bear, out of the 12
samples from male animal examined, 5 (41.66%) were found
positive for helminthic 1i1nfections and only strongyle
infection was present in the months of July, August,
September, October, and November. The overall intensity

ranged from + to +++ during the study period.

»

Out of the 12 samples from a"male animal examined in the
case of the Sloth Bear, 4 (33.33%) were positive for
infections; strongyle infection was present in July, October
and November and spirurid infection only in August, October

and November. The overall intensity of infection ranged from
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+ to ++ and multiple infections were present in 2 samples
i

during the study period.

In the Small Indian Civet, out of 26 samples {13 males
and 13 females) examined, 8 (@ males and 4 females) samples
(30.76%) were positive for helminthic infections; Ancylosto/na
and Artyfechinostomum (Fig.13) infections were present in the
months of June to November and of November to April
respectively; Strongyloides and spirurid in June, July,
September and October and in May, June, July and August
respectively and Trichuris only in November. The overall
intensity of infection ranged from + to ++++ and multiple

infections were present in 8 samples during the study period.

Among the 25 samples from Toddy Cat (12 males and 13
females) examined, 20 (11 males and 9 females) samples (80%)
were positive for helminthic iInfections. Strongyloides
infection was present during the months of June, August and
September; Joyeuxiella in June; spirurid 1In September;
strongyle (Fig.14) in October and Artyfechinostomum in
January. Multiple infections were present in two samples and
the intensity of infection ranged from + to +++ during the

period.

In the Indian Porcupine, out of 23 samples from male
animals examined, 23 (100%) were positive for helminthic
infections and Toxocara (Fi1g.15) infection was present

throughout the study period. Strongyloides was present during
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all the months except in March and April; strongyle present in
May, July, August and September and Trichuris (Fig.16) present
only in October. The overall intensity of infection varied
from + to ++++ and multiple infections were present iIn 19

samples examined.

Out of 31 samples (20 males and 11 females) examined in
the Indian wild Boar, 29 (18 males and 11 females) samples
(93.54%) were positive; strongyle (Fig.-I''?) infection was
present throughout the study period; Strongyloides present
except in May, June and February; spirurid present in July and
August and ascarid present only 1in September. Nineteen
samples were having multiple iInfections and the intensity of

infection ranged from + to ++++ during the study period.



Table 5. Species-wise monthly prevalence of helminthic infections among omnivores:

5.1 Bonnet Macaque

Month

May - "96
Jun-"96
Jul-"96
Aug-~9
Sep-"98
Oct-"98
Nov-"98
Dec- "98
Jan-"99
Feb-"99
Mar- "99
Apr-"99

Whole
year

Male

WhANMNNMNWOWWHS>PNW

38

Above 1 year

Female

WhADNWNMNOOOOOUSMDMWH

Male

PR PR RR R

R

10

Number of samples examined
1 month-1 year

Female

PR RRERRPR

Below 1 month

Number of samples found positive Preva-
lence
Total Above 1 year 1 month-1 year Below 1 month Total m

Male Female Male Female Male Female
9 1 1 — 1 - - 3 33.33
7 2 3 1 1 - - 7 100.00
10 3 3 1 1 - - 6 80 .00
10 4 3 1 1 - - 9 90 .00
10 3 4 1 - - B 8 80 .00
10 2 4 - 1 - - 7 70.00
10 2 3 - - - - 5 50.00
5 3 1 - - - - 4 80.00
6 2 2 - - - - 4 66 .66
6 1 - - - - - 1 16.66
10 1 1 - 1 - - 3* 30.00
8 1 2 1 ) B B 4 50.00

101 25 27 5 6 - - 63 62 .37



5.2 Liontailed Macaque and Rhesus Macaque

Month

May-"98
Jun-"98
Jul-7"98
Aug-"98
Sep-"98
Oct-"98
Nov-"98
Dec-"98
Jan-"99
Feb-"99
Mar-"99
Apr--99

Whole
year

Male

WNWWWWWWWWPR R

31

Female

PR R RRPR PR

Number of samples
examined

Total

WNWWARNMNMENIRNR

38

Liontailed Macaque

Number of samples

found positive

Male

PR R WWwWwww

18

Female

e

Total

TN N N NI NN

23

Preva-
lence

<%)

o

.00

100.00
100.00
100.00
100.00
100.00
25.00
33.33
33.33

60.52

Rhesus Macaque (@ female)

Number of samples
examined

RPRRPRPRPRPRPPRPRRPRRPR

12

Number of samples
found positive

=Y

[EN

Preva-
lence
<%)

100.00
100.00
100.00

100.00

100.00
100.00

100.00
100.00

66.66



5.3 Himalayan Black Bear and Sloth Bear

Himalayan Black Bear (1 male) Sloth Bear (1 male)
Month
Humber of samples Number of samples Preva- Number of samples Number of samples Preva-
examined found positive lence examined found positive lence
& %
May-"98 1 - 0.00 1 - 0.00
Jun-"98 1 - 0.00 1 - 0.00
Jul-7"98 1 1 100.00 1 1 100.00
Aug-"98 1 1 100.00 1 1 100.00
Sep-"98 1 1 100.00 1 - 0.00
Oct-"98 1 * 1 100.00 - 1 1 100.00
Nov-"98 1 1 100.00 1 1 100.00
Dec-"98 1 - 0.00 1 - 0.00
Jan-"99 1 - 0.00 1 - 0 .00
Feb-"99 1 - 0.00 1 - 0.00
Mar-"99 1 0.00 1 - 0.00
Apr-"99 1 - 0.00 1 - 0.00
whole

year 12 5 41.66 12 4 33.33



5.4 Small Indian Civet and Toddy Cat*

Small Indian Civet Toddy Cat
Month
Number of samples Number of samples Preva- Number of samples Number of samples Preva-
examined found positive lence examined found positive lence
Q) <
Male Female Total Male Female Total Male Female Total Male Female Total
May-"98 1 1 2 _ — — 0.00 1 1 2 1 1 50.00
Jun-"98 2 1 3 1 - 1 33.33 1 1 2 1 1 2 100 .00
Jul-"98 1 1 2 - 1 1 50.00 1 1 2 1 1 2 100.00
Aug-"98 1 1 2 1 - 1 50.00 1 1 2 1 1 2 100.00
Sep-"98 1 1 2 1 1 2 100.00 1 1 2 1 1 2 100.00
Oct-"98 1 1 2 1 1 2 100.00 1 * 1 2 1 1 2 100.00
Nov-"98 1 1 2 - - - 0.00 1 1 2 1 1 2 100.00
Dec-"98 1 3 - - - 0.00 1 1 2 - 1 1 50 .00
Jan-"99 1 1 2 - 1 1 50.00 1 1 2 1 1 2 100.00
Feb-"99 1 1 2 - - - 0.00 1 2 3 1 1 33.33
Mar-"99 1 1 2 - - - 0.00 1 1 2 1 - 1 50.00
Apr-"99 1 1 2 - - - 0.00 1 1 2 1 1 2 100 .00
Whole
year 13 13 26 4 4 8 30.76 12 13 25 11 9 20 80.00

* All animals more than 1 year old



5.5 Indian Wild Boar and Indian Porcupine*

Indian Wild Boar

Total

A NNNWOWANWOWNMNNEN

Month
Number of samples Number of samples
examined found positive
Male Female Total Male Female
May-"98 1 1 2 1 1
Jun-"98 1 1 2 1
Jul-"96 1 1 - 2 1 1
Aug-"98 1 1 2 1 1
Sep-"98 3 - 3 3
Oct-"98 2 - 2 2
Nov-"98 2 2 4 2 2
Dec-"98 2 1 3 2 1
Jan-"99 2 - 2 2
Feb-"99 2 - 2 2 -
Mar-"99 1 1 2 1 1
Apr-"99 2 3 5 1 3
Whole
year 20 11 31 18 11

* All animals more than 1 year old

29

Preva-
lence

<)

100.00

50.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

80.00

93.54

Indian Porcupine (2 maleB)

Number of samples
examined

NNDNDNDNDNNDNNNNDN PR

23

Number of samples
found positive

NNNNMNNNNNMNNMNDNDN R

23

Preva-
lence

Q)

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00



Table 6.

Month

May-98

Jun-98

Jul-98

Aug-98

Sap-98

Oct-98

Nov-98

Strongyloides
Ascarid

Strongyloides
Strongyle
Spirurid
Byaenolepl s

Strongyloides
Strongyle
Spirurid
ByaenolepiB
Netagonimus

Strongyloides
Strongyle
Bymenolopla
Ascarid

Strongyloides
Strongyle
Ascarid

Strongyloi des
Strongyle
Spirurid
Hynenolepis

Strongyloides
Strongyle
spirurid

Month-war
regarding
Bonnot Macaque Liontailed

Macaque

Strogyloides
Strongyle
Spirurid

Strongyloldes
Strongyle

Strongyloides
Strongyle
Spirurid
Ascarid

Strongyloides
Strongyle
Ascarid

Strongyllodes
Strongyle

prevalence of

Rhesus
Macaque

Ascarid

Csplllaria

Caplllaria
Ascarid

Strongyle
Ascarid

Strongyle
Ascarid

Strongyle
Spirurid

infection
intensity and nature of iInfection described

Himalayan
Black Bear

strongyle

strongyle

Strongyle

Strongyle

Strongyle

Sloth Bear

Strongyle

Spirurid

Strongyle
Spirurid

Strongyle
Spirurid

Small Indian
Civet

Spirurid

Spirurid
Ancylostoaa
Strongyloides

Spirurid
Ancylostoaa
Strongylodies

Spirurid
Ancylostoaa

Ancyloatoma
Strongyloides

Ancyloatoma
Strongyloides

Ancyloatoma
Trichuris

in the various species of Omnivores

in the text)

Toddy Cat

Joyeuxiel la
Strongyloides
Ascarid

Strongyloides

Strongyloides
Spirurid

Strongyle
Strongyloides

Arty{echinostomum

Indian
MIld Boar

Strongyle

Strongyle

Strongyle
Strongyloides
Spirurid

Strongyle
Strongyloides
Spirurid

Strongyle
Strongyloides
Ascarid

Strongyle
Strongyloides

Strongyle
Strongyloides

(details

Indian
Porcupine

Strongyloide
Toxocara
Strongyle

Strongyloi des
Toxocara

Strongyloides
Toxocara
Strongyle

Spirurid
Strongyle

Strongyloides
Toiocara
Strongyle

Strongyloides
Toxocara
Trichuris

Strongyloides
Toxocara

Contd.



Table 6 (Contd.)

Dec-98

Jan-99

Feb-99

Mar-939

Apr-99

Strongyloides

Strongyloides
Strongyle
Metagonimus

Strongyloides
strongyle

Strongyloides
Strongyle

Strongyloides
Strongyle
Trichuris

Strongyle

Strongyloides
Spirurid

Strongyloides

Spirurid

Trichuris

Artyfechi-
nostomum

Artyfechino-
stomum

Artyfechino-
stomum

Artyfechino-
stomum

Artyfechino-
stomum

Artyfechino-
stomum

Strongyle
Strongyloides

Strongyle
Strongyloides

Strongyle

Strongyle
Strongyloides

Strongle
Strongyloides

Strongyloides
Toxocara

Strongyloides
Toxocara

Strongyloides
Toxocara

Toxocara

Toxocara
Spirurid




Fig.9 Trichuris ovum from Bonnet Macaque (x 450)

Fig. 10 Hymenolepis ovum from Bonnet Macaque (x 450)






Fig. 11 Capillaria ovum from Rhesus Macaque (x 450)

Fig. 12 Trichuris ovum from Rhesus Macaque (x 450)






Fig. 13 Artyfechinostomum ovum from Small Indian Civet (x 450)

Fig. 14 Strongyle ova from Toddy Cat (x 450)






Fig. 15 Toxocora ovum from Indian Porcupine (x 450)

Fig. 16 Trichuris ovum from Indian Porcupine (x 450)






Fig. 17 Strongyle ovum from Indian Wild Boar (x 450)

Fig. 8 Toxciscaris ovum from Asiatic Lion (x 450)






71

Carnivores

The species-wise monthly prevalence and the type of

helminthic infections among carnivores are shown in Table 7

and 8.

In case of the Asiatic Lion, out of 75 samples (39 males
and 36 females) examined, 52 (28 males and 24 females) samples
(69.33%) were positive fTor helminthic infection; Toxocara
infection was present during all the months except in October,
November and January; Toxascaris (Fig.18) present except 1iIn
August, October, November, January, March and April;
Ancylostoma (Fig.19) present except in May, June and January
and Strongyloides present only 1In August. The overall
intensity of infection varied from + to ++++ agl multiple

infections were present in 21 samples examined.

Out of 43 samples from male animals examined iIn the
Indian Leopard, 30 (69.76%) were positive TfTor helminthic
infections; Diphyllobochriuiu (Fig.21) infection was present
during the entire study period; Ancylostowa (Fig.22) present
during all the months except 1in May; Paragonimus (Fig-20)
present except in May, July , August and October and
Strongyloides present only in September. Twenty six samples
were having multiple infections ~nd the overall intensity of

infection ranged from + to ++++++ during the study period.
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In case of the Jungle Cat, out of 16 samples from a male
animal examined, all (100%) were positive; Toxocara infection
was present during all the months except in December, January,
February and April; spirurid present during all the months
except In December and March; Diphyllobothrium {Fig.25)
present except in May, June and January and Capillaria
{Fi1g.23) and Hymenolepis (Fig.-24) present only in December.
The overall intensity of infection varied from + to ++++++ and

multiple infections were present in 13 samples examined.

In Jackal, out of 12 samples from a male animal examined,
all the 12 (@00%) were positive for helminthic infections;
Ancylostoma infection was present during all the months except
in May and June; Strongyloides infection present in May, July,
August and September and Capillaria (Fig.26) present only in
June, October and March. Seven samples were having multiple
infections and the overall intensity of infection ranged from

+ to ++++ during the study period.
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Table 7. Species-wise monthly prevalence of helminthic
infections among carnivores {All the animals were

above 1 year age);

7.1 Asiatic Lion

Species Number of samples Number of samples Prevalence
examined found positive <%)
Male Female Total Male Female Total

May- "98 1 1 2 1 1 2 100.00
Jun- "98 1 1 2 1 1 2 100.00
Jul- "98 3 3 6 3 3 6 100.00
Aug- "98 2 2 4 2 2 4 100.00
Sep- "98 3 1 4 3 1 4 100.00
Oct- "98 2 - 2 2 - 2 100.00
Nov- "98 8 8 16 6 7 13 81.25
Dec- "98 7 8 15 3 1 4 100.00
Jan- "99 3 3 6 - - - 0.00
Feb- "99 3 3 6 2 2 4 66.66
Mar- 99 3 3 6 2 3 5 83.33
Apr- "99 3 3 6 3 3 6 100.00
Whole

year 39 36 75 28 24 52 69.33



7.2 Jungle Cat, Jackal and

Month

May- "98
Jun-"98
Jul-"98
Aug-"98
Sep-"98
Oct-"98
Nov-"98
Dec-"98
Jan-"99
Feb-"99
Mar-"99
Apr-"99

Whole
year

Number of
samples
examined

NRPNRPNRPNRRRRR

=
(o2}

samples
found
positive

NEPNRPNRPNRRRRPR

=
(o]

Indian Leopard

Jungle cat (@ male)

lence
<»)

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00

Number of Preva- Number of
samples
examined

RPRPRRRPRPRPRRRPRRRR

=
N

Jackal

RPRRRREPRERRPRRPRRERPRPR

=
N

@ male)

Number of Preva-
samples
found

positive

lence

Q)

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00

Number of
samples
examined

1

WWNWNOMNWWNWN

A
w

Indian Leopard {3 males)

Number of Preva-

samples
found
positive

NNNMNNONEPEDNNEREDNEPR

W
o

lence

)

50. 00
66.66
50.00
66.66
66.66
50.00
70.00
85.71
66 .66
100.00
66.66
66.66

69.76



Table 8.

Month

May-98

Jun-98

Jul-98

Aug-98

Sep-98

Oct-98

Month-war prevalence of
(details regarding

Asiatic Lion

Toxocara
Toxascaris

Toxocara
Toxascaris

Toxocara
Toxascaris
Ancylostoma

Toxocara
Ancylostoma
Strongyloides

Toxocara_
Toxascaris
Ancylostoma

Toxascaris
Ancylostoma

Indian Leopard

Diphyllobothrium

Diphyllobothrium
Paragonimus
Ancylostoma

Diphyllobothrium
Ancylostoma

Diphyllobothrium
Ancylostoma

Diphyllobothrium
Ancylostoma
Paragonimus
Strongyloides

Diphyllobothrium
Ancylostoma

infection

Jungle Cat

Toxocara
Spirurid

Toxocara
Spirurid

Toxocara
Diphyllobothrium
Spirurid

Toxocara
"Diphyllobothirum
Spirurid

Toxocara
Diphyllobothrium
Spirurid

Toxocara
Diphyllobothrium
Spirurid

in the various species of Carnivores
intensity and nature of infection described

in the text)

Jackal

Strongyloides

Capillaria

Strongyloides
Ancylostoma

Strongyloides
Ancylostoma

Strongyloides
Acylostoma

Ancylostoma
Capillaria

Contd.



Table 8 (Contd.)

Nov-98 Toxascaris
Ancylostoma

Dec-98 Toxocara

Toxascaris
Ancylostoma

Jan-99 -

Feb-98 Toxocara

Toxascaris
Ancylostoma

Mar-99 Toxocara

Ancylostoma

Apr-99 Toxocara

Ancylostoma

Diphyllobothrium
Ancylostoma
Paragonimus

Diphyllobothrium
Ancylostoma
Paragonimus

Diphyllobothrium
Ancylostoma
Paragonimus

Diphyllobothrium
Ancylostoma
Paragonimus

Diphyllobothrium
Ancylostoma
Paragonimus

Diphyllobothrium
Ancylostoma
Paragonimus

Toxocara
Diphyllobothrium
Spirurid

Diphyllobothrium
Capillaria
Hymenolepis

Spirurid

Diphyliliobothrium
Spirurid

Diphyllobothrium
Toxocara

Diphyllobothrium
Toxocara
Spirurid

Ancylostoma

Ancylostoma

Ancylostoma

Ancylostoma

Ancylostoma

Capillaria

Ancylostoma

9L



Fig. 19 Ancylostoma ovum from Asiatic Lion (x 450)

Fig.20 Paragonimus ovum from Indian Leopard (x 450)






Fig.21 Diphyllobothrium ovum from Indian Leopard (x 450)

Fig.22 Ancylostoma ovum from Indian Leopard (x 450)






Fig.23 Capillaria ova from Jungle Cat (x 450)

Fig.24 Hymenolepis ovum from Jungle Cat (x 450)






Fig.25 Diphyllobothrium ova from Jungle Cat (x 450)

Fig.26 Capillaria ovum from Jackal (x 450)
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4.2.2 Determination by post-mortem examination

Although 24 animals were'knqwn to havé been autopsied
during the study period, only 3 of the same could be screénéd
for.parasites.as-the autopsies'ﬁf tbe rest were noﬁ known in
time. -Thé “zoo autbpsy records revealed no parasitic
infectiéné- whereas the 3 screenings revealed parasitic

infections. The details are furnished hereunder:

1. A 6 year old female blackbuck, whiéh had died due to
post—partun{uterine'rupture, revealed ova of strongyle as
well aS spirurid in the rectal faecal sample and a few
round-worms in the abomasal contents. Baéed on the
morphblogical parameters and measurements, the recovered

worms were identified as Haemonchus contortus.

2. A 10 year o0ld male spotted deer had died due to acute
pneumonia. The rectal faecal samples revealed the ova of
two strongyle, one spirurid and one ascarid species but

no worms were recovered from the animal.

3. A 7 year old female spotted deer died due to traumatic
shock. The rectal faecal samples from the animal
revealed one type each of strongyle and spirurid ova. No

worms were recovered from the animal.
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4.3 Variation in the prevalence of helminthic
infections

4,3.1 Seasonal variation

Seasonal Qaiiation in the prevalence of helminthic
infections among mammals is presented in Table 9 and Graph 2.
The prevalence of infectioﬁ was higher among herbivores during
both the rainy seasons i.e., South-West monsoon and North-East
monsoon, the rates being 86.56 per cent and 75.14 per cent
respectively, when compared .to the dry season (50.00%). Among
omnivores, the prevalence was higher during the rainy seasons
- South-~West and North-East monsoons (81.69% and 83.33%
respectively) -, as against the dry season with the prevalence
rate being only 45.80 per cent. Carnivores had comparatively
higher prevalence in all the seasons, South-West monsooﬁ,
North-East monsoon and dry season, the rates being 88.46 per

cent, 81.81 per cent and 70.58 per cent respectively.

In general, the prevalence was comparatively higher in
the rainy seasons - South-West and North-East monsoons -, the
rates being 85.28 per cent and 78.26 per cent respectively as

against only 51.74 per cent in the dry season.



Table 9. Seasonal variation in the prevalence

of helminthic infections

among mammals

Hammaia as whole

Herbivores omnivores Carnivores
Season
Number of Number of Preva- Rumber of Numbar of Preva- Number of Number of Preva- Number of Number of Preva-
Bamples samplas lence eamples samples lence samples samples lence samples samples lence
examined found (%) examined found (%) examined found (%) axamined found (%)
positive positive positive : positive
Cold and wet
South-West 134 116 86.56 71 58 Bl.69 2€ 23 88,46 231 197 85.28
monsoon
{ June-Auqust)
Horm and wet
North-East 177 133 75.14 78 65 83.33 44 36 81.81 299 - 234 78.26
monsoon
{September- h -
Novembar )
Dry
{December- 224 112 50.00 131 60 45.80 16 51 70.589 431 - 223 51.74
May)
Whole year 535 361 67.47 280 183 65.35 146 110 75.34 961 654 68.05

oL




Graph 2. Seasonal variation in the prevalence of helminthic infections among mammais
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4.3.2 Age variation

Effect of age variation in the prevalence of helminthic
infections among mammals is presented in Table 10 and Graph 3.
It was observed that among mammals as a whole, the adult
animals {(age of 1 year and above) had comparatively higher
prevalence, the rate being 70.50 per cent, as against only 54
per cent in case of younger animals f{age of 1 month to 1

year)} .

Influence of age on the prevalence of helminthic
infections revealed that the adult ones (age of 1 year and
above) of herbivores and omnivores had higher prevalence of
infection, the rates being 71.62 per cent and 65.90 per cent
respectively, when compared to their younger counterparts (age
of 1 month to 1 year), the rates being only 51.80 per cent and
64.70 per cent respectively. The young animals belonging to
below 1 month of age were found to be negative for helminthic

infections in both groups.



Table 10.

Age variation in the prevalence of helminthic infections among mammals

Herbivores Omnivores carnivores Mammale as whole
Age group
Number of Number of Preva- Number of Number of Preva- Number of Number of Preva- Number of Number of Preva-
samples samples lence samples samples lence semples samples lance pamples samples lence
examined found (%) examined found (%) examined found (%) examined found (Y
positive positive positive positive
Below 1 month 8 - 0.00 2 - 0.00 *_ - - 10 - 0.00
1 month to
1 year B3 43 51.80 17 11 64.70 e - - 100 54 54.00
1 year and ~
above 444 218 71.62 261 1727 65.90 146 110 . 75.34 851 500 70.50
Total 535 361 67.47 280 183 65.22 145 110 75.34 961 654 68.05

* Nc animel cf the age group present

18




Graph 3. Age variation in the prevalence of helminthic infections among mammals
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4.3.3 Sex variation

Sex variation in the prevalence of helminthic infections
among herbkivores, -omnivores and carnivores is presented in
F

Table 11.1, 11.2 and 11.3 respectively and in Graph 4.

In herbivores, the prevalence of infection was
coﬁparatively higher in males (72.62%) than in females

(70.21%) .

In case of carnivores alsc, the prevalence was higher in

males (78.18%) when compared to females (66.66%).

Among omnivores, the prevalence of infection was more or

less equal in case of males (65.31%) and females (65.42%).
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Table 11. Sex variation in the prevalence of helminthic
infections among mammals

11.1 Herbivores*

Species Number of samples Number of samples Prevalence
examined found positive (%)
Male Female Male Female Male Female
Spotted Deer 84 96 61 66  72.61 68.75
Sambar 31 33 20 25 64.51 75.75
Hog-Deer 24 25 15 15 62.50 60.00
Blackbuck 40 2 33 2 82.50 100.00
Camel 17 18 le 12 94.11 66.66
Hippopotamus 12 14 th 12 83.33 85.71
Pony 12 - 5 - 41.66 -
Barking Deer 12 - 3 - 25.00 -
Kashmere Goat 24 - 23 - 95.83 -
Total 256 188 186 132 72.65 70.21

* 91 samples from young animals (below 1 year in age) including 72
from spotted deer, 11 from sambar, 5 from hog-deer and 3 from
biackbuck have not been included due to inability in determining
the sex
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11.2 Omnivores

Species Number of samples Number of samples Prevalence

examined found positive (%)

Male Female Male Female Ma}e Female
Bonnet Macaque 50 51 30 33 60.00 64.70
Liontailed 31 7 18 5 58.06 71.42
Macaque .
Toddy Cat 13 13 4 4 30.76 30.76
Small Indian 12 13 11 9 91.66 69.23
Civet
Indian Wild Boar 20 11 18 11 90.00 100.00
Himalayan
Black Bear 12 - 5 - 4]1.66 -
Sloth Bear 12 - 4 - 33.33 -
Indian Porcupine 23 - 23 - 100.00 -
Rhesus Macaque - 12 - 8 - 66.66

Total 173 107 113 70 65.31 65.42




11.3 Carnivores
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Species

Number of samples

Number of samples

Prevalence

examined found positive (%)
Male Female Male Female Mszle Female
Asiatic Lion 39 36 28 24 71.79 66.66
Indian Lecpard 43 - 30 - 69.76 -
Jackal 12 - 12 - 100.00 -
Jungle Cat 16 - 16 - 100.00 -
Total 11¢ 36 86 24 78.18 66.66




Graph 4. Sex variation in the prevalence of helminthic infections among mammals
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4.4 Observations on the treatment for helminthic

infections in zoo mammals

The following treatments for parasitic infections were

carried out by the zoo personnel during the study period.

1.

Faecal sample examination of the 2 camels had revealed
infections with strongyle, Strongyloides, ascarid and
Trichuris. Single dose of Fenbendazole at the rate of 3
g/animal was given orally in banana, to the 2 camels each
during the month of September, 1998. It was observed
that the drug was effective against strongyle, ascarid
and Strongylbides infections but was ineffective against

Trichuris.

Faecal examination of 2 out of the 3 Indian leopards had
revealed infections with Diphyllobothrium, Paragonimus
and Ancylostoma. Two treatments at 21 days interval were
given with Pyrantel Pamoate (Nemocid) at the rate of 750
mg/animal orally in meat. It was observed tha£ the drug

was ineffective against the 'above mentioned helminths.

Faecal examination of 6 Asiatic lions had revealed
infections with Toxocara, Toxascaris, Strongyloides and
Ancylostoma. In the case of the 6 Asiatic lions also,
two treatments were given during the months of November
and December with Pyrantel Pamoate (Nemocid) at the rate
of 1,000 mg/animal orally in‘meat. It was observed that
the drug was effective against the gastro-intestinal
nematodeé Toxocara, Toxagcaris, Strongyloides and

Ancylostoma.



Discussion




Chapter - V

DISCUSSION

5.1 General health alternations in the zoo. animals

due to parasitic infections

The present investigatioh revealed that wild mammals in

-the zoo did not show in general, considerable _specific-
clinical symptoms due to parasitic infections. This is in
accordance with the observation of Muraleedharan et él,'

(1990), who have also stated that in the. long run the

parasitic infections might produce 1ill effects ' such as

emaciation and weakness which would- later be responsible’ for
inviting other pathogens. However;-the present study also.

showed clinical symptoms like general weakness, debility,

occasional diarrhoea, dehydration and alopecié due to

parasitic infections in a variéty of wild mammals. This is in

agreement with the observations of Gaur et al. (1979); Maske
et al. (1990); Gogoi (1994); Maity et al. (1994) and
Thiruthalinathan et al. (1998). But, Zuchowka (1988) reported
that most of the helminthic infections were asymptomatic in

wild ruminants.

In the present study, respiratory distress with

consistent cough was observed in an Indian leopard which was
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having Paragonimus infection. Such reports are lacking in

literature.

5.2 Prevalence of heminthic infections among =zoo

mammals

5.2.1 Determination by faecal examination

The overall prevalence of helminthic infections among the
mammals of the zoo was seen to be 68.05 per cent (Table 2) as
against only 36.1 per cent in wila animals of the Korean Zoo
(LIim and Lee, 1977); 30.3 per cent in wild animals of
Lubumbashi Zoo, Zaire (Pandey, 1978); 45.49 per cent in wild
and zoo animals in Uttar Pradesh (Gaur et al., 197%); 45 per
cent in wild animals at Khartoum Zoo, Sudan (Saad et al.,
1983); only as low as ‘9.6 per cent in mammals at Zoological
Gardens, Dublin (Geraghty et al., 1982); 31.10 per cent in
mammals of the Mysore Zoo (Muraleedharan et al., 1990) and
60.71 per cent in zoo animals of Méharaj Bag, Nagpur (Maske et
al., 1990). The comparatively higher prevalence of helminthic
infection in the present study might be due to the fact that
the animals were not being screened regularly for parasitic
infections and also that regular deworming schedules were not

being followed.

In the present study, it is observed that carnivores

carried the highest prevalence (75.34%) when compared to
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herbivores (67.47%) and omnivores (65.35%). This is in
contrast with the findings of Tigin et al. (1989) who have
reported that omnivores had the highest infection rate of 50
per cent while herbivores and carnivores had the infection
rates of only 39.4 per cent and 28.8 per cent resPQQtively in
ACC Zoological Garden, Ankara, Turkey; but in agreement with
that of Niphadkar et al. (198%) who have reported the
prevalence rates of 36.79 per cent and 15.2 per cent in
carnivores and herbivores respectively in Bombay Zoo. The
présent observation is comparatively higher than the
prevalence rates of 41.66 per cent, 43.39 per cent and 40.00
per cent in cases of primates, herbivores and carnivores
respectively in Bannerghatta National Park, Bangalore (Reddy

et al,, 1992),

The finding that the highest prevalence of helminthic
infection occurs in carnivores is in agreement with the
observations of Hansel and Ruscher (1980) as also Salman and
Shah (1989) who have examined carnivores only and found that
the rates of prevalence were 72.6 per cent and 91180 per cent
in the case of wild cats in Germany and large cats of Lucky
Irani Circus as well as the Lahore and Bahavalpyr Zoos in
Pakistan respectively. However, this finding is in contrast
with those of Khan (1987) and Hasslinger et al, ﬂ1992) who
have also examined carnivores only and found the prevalence

4

rate to be 13.3 per cent and 51.9 'per cent as well as 22.2 per



‘90
cent in the cases of wild cats in Lucknow and of carnivorous
animals of Zoological Gardens in Egypt as well as in Germany
respectively. The higher prevalence of helminthic infection
in the case of carnivorous animalé in the present study might
be due to the fact that the animals were kept in cages without
provision for moving out, coupled with unhygienié conditions
prevailing in the cages. Continued exposure to the infective
stages of the helminth parasites 1leads to consistent

reinfections in the animals.

It is found in the present study that the pre%alence of
helminthic infection was 67.47 per cent in the case of the zoo
herbivores as against only 40.35 per cent in free-living
herbivores in Kaziranga National Park, Assam (Chakraborty and
Islam, 1996). So, it is clear that in captivity in the zoo
the animals were present in a confined locality and exposed
themselves continuously to the infective stages of the
parasites, which would be responsible for consistent

reinfections as in the carnivores.
Herbivores

It can be seen from Table 3 that the rates of prevalence
of helminthic infection in the cases of Spotted Deer, Sambar,
Hog-Deer, Barking Deer, Blackbuck, Kashmere Goat, Camel,
Hippopotamus and Pony were 63.88 per cent, 62.66 per cent,

62.96 per cent, 25.00 per cent, 84 .44 per cent, 95.83 per
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cent, 80.00 per cent, 84.61 per cent and 41.66 per cent

respectively.

Ramasamy et al. (1985) have reported that only 30.96 per
cent of spotted deer in 3 "National Parks had Muellerius
infection while Su and Lee (1987) have reported that 39.6 per
cent of deer from Taiwan were infected with endoparasites. In
the case of camels also, identical findings were encountered
by Magzoub et al. (1997). Information regarding the
prevalence of infection in cases of the rest of the'animals is

lacking in literature.

From Table 4 it is found that strongyle, Strongyloides,
spirurid, ascarid, amphistome, Fasciola, Trichuris and
Parascaris infections were present in a variety of species of
herbivores. This is in agreement with the findings of Chauhan
et al. (1973); Lim and Lee (1977); Khan (1979); Quesada and
Maggio (1982); Adkoli et al. (1986); Su and Lee (1987); Tigin
et al. (1989); Chakraborty and Islam (1996); Gupta and Yadav
{(1997) and Magzoub et al. (1997). In the present study,
Trichuris sp. infection was not noticed in Sambar whereas
Hiregoudar {(1976) reported the eggs of Trichuris sp. only in

Sambar.
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Omnivores

In the present investigation, it is observed that the
rates of the prevalence of helminthic infection were 62.37 per
cent, 60.52 per cent, 66.66 per cent, 41.66 per cent, 33.33
per cent, 30.76 per cent, 80.00 per cent, 100.00 per cent and
93.54 per cent in the cases oleonnet Macague, Liontailed
Macaque, Rhesus Macague, Himalayan Black Bear, Sloth Bear,
Small Indian Civet, Toddy Cat, Indian Porcupiné and Indian
Wild Boar respectively (fable 5). The prevalence rate of
helminthic infectipn in Bonnet Macaques in the present study
is in contrast with the finding of Varadharajan and Pythal
(1999) who have reported that the prevalence rate was 90 per
cent in free 1living, feral Bonnet Macagues in Tamil Nadu.

]

Such reports in the rest of animals are lacking in literature.

It can be seen from Table 6 that the types of infection
in various species of omnivores were strongyle, Strongyloides,
spirurid, ascarid, Ancylostoma, Capillaria, Toxocara,
Trichuris, Metagonimus, Artyfechinostomum , Joyeuxiella and
Hymenolepis. This is in accordance with the findings of Gaur
et al. (1979);Lim and Lee (1977); Pandey (1978); Khan (1979);
Adkoli et al. (1986); Tigin et al. (1989); Panda and Pal

(1996) and Varadharajan and Pythal (1999).
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Carnivores

In the present study, it is found that the rates of the
prevalence of helminthic infection were 69.33 per cent, 639.76
per cent, 100.00 per cent and 100.00 per cent in the cases of
Asiatic _Lion, Indian Leopard, Jungle Cat and Jackal
respectively (Table 7). This is in contrast with the
observations of Sarode et al. (1993) who have reported that
the rates of the prevalence of infection were 61.00 per cent
and 60.00 per cent in case of liors and leopards respectively
in Maharaj Bag Zoo, Nagpur and also with that of Medi et al.
(19§7a) who have reported that the prevalence of infection was
33.33 per cent and 53.85 per cent in case of lion and leopard
respectively from Sanjay Gandhi Zoological Park, Patna and
Jawaharlal Nehru Biological Park, Bokaro Steel City. However,
the prevalence of infection in the jungle cat in the present
study is in accordance with that reported by Modi et al. (loc.
cit.). The information regarding the prevalence of infection

in jackal is lacking in literature.

It can be seen from Table 8 that the types of helminthic
infections observed in the different carnivorous animals were
Ancylostoma, Toxocara, Toxascaris,,Strongyloides, Capillaria,
spirurid, Diphyllobothrium, Hymenolepis and Paragonimus. This
is in accordance with the findings of Chauhan et al. (1973);

Khan (1979); Hansel and Ruscher (1980); Lakshmanan and Joseph
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(1980); Mandal and Choudhury (1985); Adkoli et al. (1986);
Khan (1987); Tigin et al. (1989); Salman and Shah (1989);
Niphadkar et al. (1989); Maske et al. (1992); Lu et al.
(1992) ;. Sarode et al. (1993); Rao and Acharjyo (1994) and Modi

et al. (199%7a).
5.2.2 Determination by post-mortem examination

In the present study, it is observed that only Haemonchus
contortus was collected from the abomasum of a 6 year old
female blackbuck. Although Haemonchus contortus was recovered
from blackbuck in a zoo in the German Democratic Republic by
Petersen (1977) and in the Edinburgh Zoo by Flach and Sewell

(1987), in India only Patnaik (1964) has reported the same.

Examination of faecal samples collected from the rectum
of a male and a female spotted deer were positive for two
strongyle, one spirurid as wel% as one ascarid and one
strongyle as well as one spirurid species respectively,
during the post-mortem examinations.but no worms could be

recovered from the animals.



95

5.3 Variation in the prevalence of helminthic

infections

5.3.1 Seasonal variation

Kerala, in which the place of present study located, is
having a peculiar topography and climate. The rainfall is
occurring from June to November comprising of the South-West
and North-East monsocns followed by the hot dry season from
December to May. During the rainy season, there will be lush
growth of grasses and other plants and the climate is most
suitable for the development and existence of infective stages
of helminth parasites. So, the infection recurs repeatedly

throughout the year.

From Table 9, it 1is observed that the prevalence of
helminthic infections among wild mammals was comparatively
higher in the rainy seasons - South-West monsoon- and
North-East monsoon -, the rates being 85.28 per cent and 78.26
per cent respectively as against:only 51.74 per cent in the
dry season. This is in agreement with the observations of
Chauhan et al. (19?3); Pandey (1978) and Niphadkar et al.
(1989) who have féported that the prevalence of helminthic
infections among wild mammals was higher during the months of
rainy and winter seasons. But in Kerala there is no winter
séason and the rainy seasons extend upto November with higher

prevalence rate during the time.
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In the present study, it is observed that the rate of
prevalence of infection was higher in carnivores during all
the seasons when compared to omnivores and herbivores. This
observation is contrary to the findings of Modi et al. (1997b)
who have reported that herbivorous zoo animals in Bihar had
comparatively higher prevalence of infection in all the

seasons than carnivorous animals.

The seasonal variation in the prevalence of helminthic
infection is pronounced only in the cases of herbivores and
omnivores. This is in agreement with the observations of
Mirck (1978), Su and Lee (1987), Gupta and Yadav (1997) and
Magzoub et al. (1997) who have reported the seasonal influence
in the parasitic burdens in case of ponies, deer, pony mares
and Najdi camels respectively. Such reports in case of
omnivores are lacking in 1literature.’ However, this is
contrary to the finding of Bhat and Manickam (1998a) who have
reported that the mean egg per gram of nematode infections in
Sambar of different sanctuaries and parks in Tamil Nadu were
not significant between seasonstand parks. The seasonal
influence in the prevalence of infection might be due to the
fact that during rainy season the climate is conducive for the
development of infective stages of the parasites and that the
fodder is obtained from outside m%y be contaminated with such

infective stages.
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In case of carnivores, the seasonal influence on the
prevalence of infection is not much pronounced. This is in
agreement with the observations of Sarode et al. (1993).
Majority of the carnivorous animals remain infected for the_
most part of the year irrespective of seasonal variation.
This is in accordance with thé findings of Modi et al.
(1997Db) . However, Bhat and Manickam (1998b} haue reported
that in zoos, where regular deworming is followed, the
infection was comparatively lower than in parks and

sanctuaries.
5.3.2 Age variation

It can be seen from Table 10 that among mammals as a
whole there is higher prévalence of helminthic infection in
the adult animals (age of 1 year and above), the rate being
70.50 per cent, as against only 54 per cent in case of younger
animals (age of 1 months to 1 year). Similar report is

lacking in literature,

It is also observed that the adults of herbivores and
omnivores had higher rates of infection, the rates-being 71.62
per cent and 65.90 per cent respectively, when compared to
their younger counterparts, the rates in which were only 51.80
per cent and 64.70 per cent respectively. Tﬁis is in
accordance with the findings of Modi et al. (1997c) who

examined herbivorous and carnivorous animals (which included
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some omnivorous animals aléo) in 2 wildlife preserves in Bihar
and reported that the adult animals were having higher
infections (47.89% in herbivorous and 57.81% in carnivorous
animals) as compared to their younger counterparts (44.12% in

herbivorous and 18.75% in carnivorous animals).

In the present study, the prevalence is comparatively
lower in young animals (age of 1 month to 1 year). and zero in
case of animals below one month old. This may be due to the
fact that the numbers of samples of young animals (of both the
2 groups) were very small when compared to those from the

adults.
5.3.3 Sex variation

It is observed that in omnivores the prevalence of
infection was more or less equal in case of males (65.31 %)
and females (65.42%) (Table 11.2). This is in contrast with
the findings of Conti et al. (1983) who have reported that
among black bears in Florida, USA, the intensities of
helminthic infections were significantly higher in male
animals.

In the case of carnivores, the prevalence is higher in
males (78.18%) when compared to females (66.66%) (Table 11.3).
This is also in contrast with the observation of Delahay
et al. (1998) who have reported that female wild cats had

significantly higher infection than males.



99

In herbivores, the ©prevalence of infection is
comparatively higher in males (72.62%) than in females
(70.21%) (Table 11.1). Similar report is lacking in

literature.

However, the above-mentioned observations are comparable
with those of Modi et al. (1998) who have reported that the
average infection rate among zoo animals in Bihar was higher
in males in both herbivorous (50%) and carnivorous (58.54%)
animals as cémpared to those of females of both groups of

animals i.e., 44.26 per cent and 41.03 per cent respectively.

5.4 Observations on the treatment for helminthic

infections in zoo mammals

In the present study, it is observed that single dose of
Fenbendazole at the rate of 3 g/animal was effective against
strongyle, ascarid and Strongyloides infections but was
ineffective against Trichuris infection in camels. This is in
contrast with the observations of Partani et al. (1997) who
have noticed a suspected resistance of Strongyloides
pappilosus to Fenbendazole in camels. Ineffectiveness of a
variety of Benzimidazole compounds against Trichuris infection
in camels was reported by many authors; however, report of
such lack of effect for Fenbendazole is lacking in literature.
Chandrasekharan et al. (1970) reported that Thiabendazole was

not effective in 7Trichuris infection in camels. Similar
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finding was observed by Lodha et al. (1977) who have reported

that Thiabendazole did not give encouraging results in camels.
Bansal et al. (1989) have reported that Albendazole was

ineffective against Trichuris infection in camels.

In the present study, it is found that 2 treatments at 21
days interval with Pyrantel Pamoate (Nemocid) at the rate of
750 mg/animal orally were not effective against
Diphyllobothrium, Paragonimus and Ancylostoma infections in
the Indian leopards. However, Maity et al. (1994) have
reported that Nemocid at 1.5 tablets (i.e., 375 mg of Pyrantel
Pamoate/animal) orally was effective against clinical
toxocariasis in snow leopards. The lack of effect of the drug
even against Ancylostoma infection in the present study migﬁt
be due to the fact that the animals did not take the
therapeutic dose of the drug. The same situation was observed

also during the second treatment after 21 days interval.

However, in the present study, Pyrantel Pamoate at the
rate of 1000 mg/animal was found to be effective against
Toxoéara » Toxascaris, Strongyloideées and Ancylostoma infections
in the Asiatic 1lions. No such report is avajlable in
literature. But, Tanwar et al. (1984} reported that

Piperazine Adipate was highly efféctive against Toxocara cati

and Toxascaris leonina infections in an Asian lion.



Control measures for the helminth™ parasites in zoo

animals

There are a number of measures which the zoo authorities
can adopt to reduce the 1incidence and intensity of
gastro-intestinal parasites in the wild animals in captivity.
Complete elimination of parasites is neither practicable nor
necessary, but it must be remembered that an infected animal
will keep on passing the eqggs of the parasites along with the
faeces and thus contaminating the areas where it frequents.
Given the right <conditions, particularly appropriate
temperature and humidity, the eggs will soon develop to the
infective stage and remain infective for considerable periods
of time. However, in cases of trematodes, cestodes and also
certain nematodes a suitable intermediate host is necessary
for the development of infective étage. Thus, the following
procedure may be'adopted for the control of parasites in zoo

animals.

1. Prompt removal and suitable disposal of faeces especially

of the older animals.

2. Keeping cages, enclosures, open yards, etc. as clean and

dry as possible.

3. Adequate, nutritijious and wholesome feeding, specially the

minerals.
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Grasses, roughages and green leaves procured for feeding

from outside should be obtained from sources known to be

free of infection.

Drinking water should be available in raised troughs to

avoid contamination.

Overstocking should be avoided as it leads to stress and

lowers the animals' resistance for infection.

Mother and young stock should be raised separately from

the other animals.

Regular screening of the zoo animals for 'parasitic
infection followed by necessary routine anthelminthic

treatment.

In certain cases, immature parasites are more resistant
Lo treatment and hence the treatment may be repeated at

3-4 weeks interval.

Avoid any chance of stray animals frequenting the zoo
area.

Proper quarantine measures should be adopted.

]
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12. 'The post-mortem examination'of any dead animal should be
conducted in a separate place and disposal of the carcass

should be carried out promptly and properly.

13. Visitors may be properly instructed not to feed the

animals or disturb them.

14. Keepers should be properly trained for handling,

cleaning, feeding and other rdutine activities.

15. BAbove all, a separate veterinary hospital and a full-time
veterinarian should be available to monitor and control
all the managemental and clinical measures in order to

prevent parasitic infections among the zoo animals.

Anthelmintics recommended for the control of parasitic
infections in zoo mammals

There are a good number of effective anthemintics
available for the treatment of parasitic infections in
domesticated animals. However, their use in wild animals is
rare due mainly to the inability to recognise the c¢linical
disease properly, to determine the effective dosage of the
drugs and also to find out the drug toxicity in various
species of wild animals. However, according to the available
information the following anthelmintics may be used for the
treatment of the different parasitic infectioﬁs in wild

animals.
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For Nematodes

Piperazine Adipate (Vermex, Helwmacid), Tetramisole
(Curaminth, Decaris), Thiabendazole (Thiabendazole,
Thiabendole), Morantel Tartrate (Banminth II), Mebendazole,
(Mebex, Meben, Wormin), Fenbendazole (Panacur), Thiophanate
(Thiophanate 70% w/w), Levamisole (Helmonil, Lemasol,
Vermisol), Albendazole (Albomar, Valbazen, Vibex), Pyrantel
Pamoate (Nemocid, Combantrin) and Ivermectin (Ivomec) may be

used for the nematode infections in the zoo animals.

Lakshmanan and Joseph (1980) used Helmacid for the
treatment of ascariasis in lion. Subsequently, Tanwar et al.
(1984) have reported that Piperazipe Adipate at the dose rate
of 100 mg/kg body weight was highly effective for the
treatment of <c¢linical ascariasis in an Asian 1lion.
Knottenbelt (1989) suggested that Piperazine Hyarochloride
(64.5%) at the dose rate of 30 gm/100 kg body weight would be

useful against ascarids in zoo animals.

The anthelmintic efficacy of Tetramisole in different
species of zoo animals has been noted by variousJauthors;
Kageruka and Puijenbroeck (1967) réported that Tetramisole at
the dose rate of 1.5 mg/kg orally or parenterally was
effective against Toxascaris sp., Toxocara sp. and Ancylostoma

sp., but not effective against Trichuris sp. in various

species of carnivores. Chandrasekharan et al. (1972) reported
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that the drug at 15 mg/kg body weight was 100 per cent
effective against Trichostrongylus colubriformis and Impalaia
sp. in camels. Lodha et al. (1977) reported that Tetramisole
Hydrochloride (3%) at 0.5ml/kg body weight was effective
against gastréuintestinal nematodes in camel. Similar finding
was observed by Partani et al. (1997) who also ‘'reported a
suspected resistance of Haemonchus longistipes to the drug in
camels. Movchan and Veselova (1975) used Tetramisole for the
treatment of gastro-intestinal parasites of primates at the
dose rate of 1, 5 or 15 mg/kg body weight in Sukhumi Primate
Centre, Moscow, USSR. Krait et al. (1977) have observed that
at the dose rate of 10-15 mg/kg body weight, Tetramisole was
highly effective against many nematodes in deer in the

Voronezh National Park, USSR.

In the case of Thiabendazole, Chandrasekharan et al.
(1370) have reported that at the dose rate of 50 mg/kg body
weight orally, it was 100 per cent effective against
Trichostrongylus in camels but not effective against
Trichuris infection. Jones (1989) suggested that the drug at
50 mg/kg body weight was effective against gastro-intestinal
nematodes in deer. Movchan and Veselova (loc. cit.) suggested
that the drug at 25 or 100 mg/kg body weight was effective

against certain nematodes in primates.
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The efficacy of Morantel Tartrate was noted by
Chandrasekharan et al. (1973) who have reported fhat at the
dose rate of 10 mg/kg body weight it was 100 per cent and 48
per cent effective against Trichostrongylous colubriformis
and Trichuris ‘globulosa respectively in camel, 100 per cent
effective against Toxascaris leonina in lion cub and 96.77 per
cent effective agains£ Oesophagostomum sp. 1in wild boar.
Lodha et al. (1977) have reported that the drug (4%) at the
dose rate of 1 ml/4 kg body weight was highly effective
against mixed infection of Trichuris, Haemonchus, Nematodirus

and Strongyloides in camels.

The efficacy of Mebendazole at 40 mg/kg body weight for
5 succesive days was 97-100 per cent against Trichuris
infection in monkeys (Dollinger and Ruedi, 1974). However, 14
days treatment with the drug at 5 mg/kg body weight was
necessary in zoo ruminants (Forstner et al., 1976). Church
(1983) successfully treated a suspected case of
dictyocauliasis in a pony with the drug at 20 mg/kg body

weight daily for 4 days.

In the case of Fenbendazole, Ramisz et 'al. (1978)
reported that 2 treatments at the dose rate of 25 mg/kg body
weight were highly effective against Trichocephalus sp. and
Ancylostoma sp. in monkeys in a zoo in Poland. However,

Bockeler and Lindau (1978) reported that the drug at 7.5 mg/kg
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body weight and 50 mg/kg body weight in wild ruminants and

wild carnivores respectively had good effect for the treatment
of gastro-intestinal nematodes. Knottenbelt (1989) suggested
that the drug as 10 per cent solution at the rate of 1 ml/20

kg body weight was effective against nematodes in zoo animals.

Chandrasekharan et al. (1979) reported that Thiophanate
at 50 mg/kg body weight was 100 per cent and 85.72 to 100 per
cent effective against nematodes of two wild boars and of 5

lion cubs respectively.

The efficacy of Levamisole was reported by Kumar et al.
(1981) who successfully treated the spirurid infection in
Ateles monkeys with the drug at 8 mg/kg body weight on day 1
and at 10 mg/kg body weight on days 5 to 8. Knottenbelt
{loc. cit.) suggested that Levamisole (2.5%) at the dose rate
of 3 ml/10 kg body weight orally in water was effective
against nematodes in zoo animals. Jones (1989) also suggested
that oral and parenteral administration of Levamisole at 7.5

mg/kg body weight was effective against nematodes of deer.

‘Bansal et al. (1989) reported that Albendazolé at the
dose rate of 5 mg/kg body weight was 100 per cent effective
against various gastro-intestinal. nematodes except Trichuris
sp. in camels. Jones (loc. cit.) suggested that the drug at
the same dose rate orally was effective against nematodes and

cestodes in deer.
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According to Maity et al. (1994) the efficacy of Pyrantel
Pamoate at 375 mg/ animal was 100 per cent agaiﬁst clinical
toxocariasis in snow leopards. In the present study, it is
observed that the drug at 1,000 mg/animal was effective
against Toxocara, Toxascaris, Strongyloides and Ancylostoma

infections in Asiatic lions.

Knottenbelt {1989) suggested that parenteral
administration of Ivermectin (1%) at 1 ml/kg body weight
sub-cutaneously was highly effective against nematode

infections in zoo animals.
For Cestodes

Mebendazole (Mebéx, Meben, Wormin), Albendazole (Vibex,
Valbazen, Albomar) and Niclosamide (Niclex, Niclosan) may be

used for the treatment of cestode,infections in zoo animals.

It was Eriksen (1978) who recommended Mebendazoﬁe for the
cestode infections in zoo ©primates, carnivores and
Artiodactyla at the dosage of 5-10 mg/kg body weight over 5
successive days, of 15 mg/kg body weight over 2 successive
days and of 15 mg/kg bod? weight over 2 successive days

respectively.
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Jones (1989) suggested that Albendazole at the dose rate
of 5 mg/kg body weight orally was effective against cestode

infections in deer.

Knottenbelt (1989) suggested that Niclosamide (20%) at
the dose rate of 1 ml/4 kg body weight orally in water was

effective against cestode infections in zoo animals.

For Trematodes

Rafoxanide {Ranide, Amfanide) and Nitroxynil (Trodax) may
be used for the treatment of trematodes infections in zoo

animals.

Knottenbelt (loc.cit.) suggested that Rafoxanide (3%) at
the dose rate of 2.5 ml/10 kg body weight orally in water as
well as Nitroxynil (34%) at the dose rate of 1.5 ml/150 kg
body weight subcutaneously were effective against trematode

infections in zoo animals.

Information regarding the effect of the other
anthelmintics, routinely used in case of domesticated animals,
for the treatment of helminthic infections of zoo animals

appears to be lacking in literature.



| Summary




Chapter - VI

- SUMMARY

An investigation into the prevalence of helminthic
infections among the wild mammals in captivity in the Thrissur
zoo and also the variations thereof on account of season, age
and sex were carried out by regular faecal examination, using
the concentration method of centrifugation-cum-sedimentation
technique, over a period of one year from May-'98 to April-‘99.
Certain non-specific clinical symptoms such as general
- weakness, debility, occasional diarrhoea, dehydration and
respiratory distress with cough were observed during the study
period in a variety of the animals which were having helminthic

infections.

The overall prevalence of the helminthic infection was
68.05 per cent. The highest prevalence was found during the
months of July, August, September and October, the rates being
87.80 per cent, 88.76 per cent, 86.17 per cent and 82.41 per
cent respectively; the moderate prevalence during June
(76.66%) and November (68.42%) and the lowest prevalence during
December (49.38%), January (49.23%), February (50%), March

(50.72%), April (54.44%) and May (56.66%).

Carnivores had the highest overall prevalence of infection
(75.34%) when compared to herbivores (67.47%) and omnivores

(65.35%). Strongyle, Strongyloides, spirurid, ascarid,

2
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amphistome, Fasciola, Trichuris and Parascaris infections in
a variety of herbivores; strongyle, Strongyloides, ,spirurid,
ascarid, Ancylostoma, Capillaria, Toxocara, Trichuris,
Metagonimus, Artyfechinostomum and Hymenolepis infections in a
variety of omnivores and Ancylostoma, Toxocara, fbxascaris,
Strongyloides, Capillaria, spirurid, Diphyllobothrium,
Hymenolepis and Paragonimus infections in a Gariety of

carnivores were found during the présent study.

During the post-mortem examination of a 6 year old female
blackbuck, a few specimens of Haemonchus contortus were

~collected from the abomasum.

The prevalence of infection was comparatively higher
during both the rainy seasons viz the South-West monsoon and
the North-East monsoon (86.56% as also 75.14% respectively in
herbvores and 81.69% as also 83.33% respectively in omnivores)
than during the dry season (50% in herbiyores and 45.80% in
omnivores). Carnivores had comparatively higher prevalence in
all the seasons, with the rates of 88.46 per cent, 81.81 per
cent and 70.58 per cent respectively. The overall prevalence
among the mammals was higher in the rainy seasons (South-west
and North-East monsoons), the rates being 85.28 per cent and
78.26 per cent respectively, when compared to the dry seascon

(51.74%) .

The prevalence of helminthic¢ infection was highex among

the adult ones {(age of 1 year and above} of herbivores and



112

omnivores, the rates being 71.62 per cent and 65.90 per cent
respectively, when compared to their_younger counterparts (age
of 1 month to 1 year), the rates being only 51.80 per cent and
64.70 per cent respectively. The youngest animals'(age below
1 month) of both the groups were found to be neéative for
helminthic infections. The overall prevalence of infections

was comparatively higher in adult animals, being 70.50 per cent

as against only 54 per cent in the case of younger animals.

The prevalence of helminthic infection was comparatively
higher among the males of herbivores and carnivores, the rates
being 72.62 per cent and 78.18 per cent respectively, as
against those in the females of both the groups (only 70.21%
and 66.66% respectively). Among the omnivores, the prevalence
was more or less equal in the case of males {65.31%) and

females (65.42%).

Two treatments at 21 days interval with Pyrantel Pamoate
{Nemocid) at the dose rate of 1000 mg/animal were -found to be
effective against gastro-intestinal nematode infections with
Toxocara, Toxascaris, Strongyloides and Ancylostoma in Asiatic
lions. A single dose of Fenbendazole ét 3 gm/animal'was found
to be effective against strongyle, Strongyloides and ascarid

infections, but not against Trichuris infection in camels.

Control measures for the helminthic infections in the

mammals have also been suggested.
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ABSTRACT

An investigation on the prevalence of helminthic
infections among the wild mammals in captivity in the Thrissur
zoo and also the variations thereof on account of season, age
and sex were carried out by regqular faecal examination using
the concentration method of centrifugation-cum-sedimentation
technique, over a period of ‘one year from May-’'98 to
April-’99. Non-specific symptoms like general ,weakness,
debility, occasional diarrhoea, d?hydration and respiratory

distress with cough were observed 1n a variety of mammals.

The overall prevalence of the helminthic infection among
the mammals was 68.05 per cent. Carnivores had the highest
prevalence of infection (75.34%) when compared to herbivores
(67.47%) and omnivores (65.35%). Strongyle, Strongyloides
spirurid, ascarid, amphistome, Fasciola, Trichuris and
Parascaris infections in a variety of herbivores; strongyle,
Strongyloides, spirurid, Ancylostpma, Capillaria, Toxocara,
Trichuris, Metagonimus, Artyfechinostomum and Hymenolepis
infections in a variety of omnivores and Ancylostoma,‘Toxocara,
Toxascaris, Strongyloides, Capillaria, spirurid,
Diphyllobothrium, Hymenolepis and Paragonimus infections in a

variety of carnivores were observed.

A few specimens of Haemonchus contortus were recovered
from the abomasum of a 6 year old female balckbuck during

post-mortem examination.



The overall prevalence of infection among the mammals was
higher in the rainy seasons (South-West and North-East
monsoons) than in the dry season. The prevalence of infection
was ﬁigher in the adults of herbiyores and omnivorés than in
the young ones of both the groups. The prevalence was also
higher in the males of herbivores and carnivores than in the

females and was more or less equal in both sexes of omnivores.

Treatments with Fenbendazole and Pyrantel Pamoate were
effective against gastro-intestinal nematodes in camels and in

Asiatic lions respectively.

Control measures for the helminthic infections in the zoo

L]

mammals have also been suggested.





