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A B S T R A C T

Evolving land use practices have led to an increase in interactions at the human/wildlife interface. The
presence and poor knowledge of zoonotic pathogens in India's wildlife and the occurrence of enormous
human populations interfacing with, and critically linked to, forest ecosystems warrant attention. Factors
such as diverse migratory bird populations, climate change, expanding human population and shrinking
wildlife habitats play a significant role in the emergence and re-emergence of zoonotic pathogens from
India's wildlife. The introduction of a novel Kyasanur forest disease virus (family flaviviridae) into human
populations in 1957 and subsequent occurrence of seasonal outbreaks illustrate the key role that India's
wild animals play in the emergence and reemergence of zoonotic pathogens. Other high priority zoonotic
diseases of wildlife origin which could affect both livestock and humans include influenza, Nipah,
Japanese encephalitis, rabies, plague, leptospirosis, anthrax and leishmaniasis. Continuous monitoring of
India's extensively diverse and dispersed wildlife is challenging, but their use as indicators should
facilitate efficient and rapid disease-outbreak response across the region and occasionally the globe.
Defining and prioritizing research on zoonotic pathogens in wildlife are essential, particularly in a
multidisciplinary one-world one-health approach which includes human and veterinary medical studies
at the wildlife-livestock-human interfaces. This review indicates that wild animals play an important role
in the emergence and re-emergence of zoonotic pathogens and provides brief summaries of the zoonotic
diseases that have occurred in wild animals in India.

ã 2014 Elsevier B.V. All rights reserved.
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1. Introduction

Wildlife is typically defined as free-roaming animals which
include mammals, birds, reptiles, amphibians, and fish (Kruse
et al., 2004). Wildlife has a critical value in maintaining the
integrity of the planet's ecosystem, however it often represents an
important risk of emerging zoonoses (Carlos and Felipe, 2008;
Kruse et al., 2004; Thompson et al., 2009; Thompson and Murrell,
2005). Over the last few decades approximately 75% of emerged
diseases, including zoonoses, were of wildlife origin (Bengis et al.,
2004; Brown, 2004; FAO, 2011; Jones et al., 2008). Rabies, plague
and West Nile virus disease have been known to be associated with
wildlife since ancient times (Kruse et al., 2004). Emerging zoonotic
pathogens have originated from many wildlife species such as
carnivores, ungulates, rodents, bats and primates (Chomel et al.,
2007; Woolhouse and Gowtage-Sequeria, 2005). The role of
wildlife in the introduction of diseases such as influenza, severe
acute respiratory syndrome (SARS) and Nipah from neighboring
regions in Asia is well recognized.

Many factors influence the emergence or re-emergence of
wildlife related zoonoses, such as expanding human population,
climate change, movements of vectors and animal host species,
and microbial changes and adaptation (Fig. 1) (Bengis et al.,
2004; Kruse et al., 2004; Meneghi, 2006; Singh et al., 2011).
Hunting and eating wildlife are also important risks for
emergence of wildlife related zoonoses (Wolfe et al., 2005;
Wrangham et al., 1999).

Zoonotic pathogens could have substantial impacts on wildlife
conservation (Bengis et al., 2004; Jones et al., 2008). Opportunities
for spill-over events may occur (Daszak et al., 2000; Thompson
et al., 2009) and pose significant threats to endangered wildlife
species (Mathews, 2009). Very little is known about the occurrence
of zoonotic pathogens in wildlife in many parts of the world. The
purpose of this paper is to summarize available information on
emerging and re-emerging zoonotic pathogens in India and discuss
related risk factors in wildlife in the region and beyond.

2. Wildlife in India

India is a federal union comprised of 28 states and seven union
territories over an area of approximately 3.2 million km2 (Fig. 2).
The country has a network of 668 wildlife protected areas (PAs),
Fig. 1. Factors in India which influence the emergence and re-emergence of wildlife
related zoonotic pathogens.
extending over 161,222 km2 (4.90% of total geographic area), and
includes 515 wildlife sanctuaries, 102 national parks, 47 conserva-
tion reserves and 4 community reserves (MOEF, 2011; Niraj et al.,
2012; Weeks and Mehta, 2004). These PAs are home to over 91,200
species of animals which represent about 7.6% of all known
mammalian species, 12.6% of avian species, and 6.2% of reptilian
species (MOEF, 2011).

From a zoonotic disease perspective, many important wildlife
species occur in abundance in India. Such animals include wild boar
(Chauhan et al., 2009), bats (Epstein et al., 2008), non human
primates (Work and Trapido, 1957), rodents (Chandy et al., 2013),
wild aquatic and terrestrial birds (Rodrigues et al.,1981), canids and
felids(KaranthandNichols,1998;Vanak andGompper, 2009),bovids
(Bandyopadhyay et al., 2009), vultures (Cuthbert et al., 2011), owls
(Pande and Dahanukar, 2011), and reptiles (Aengals et al., 2011).

3. Pathogens in Indian wildlife

The ancient Indian medicine book Sushruta Samhita which was
written in the 1st Century AD provides evidence of shared diseases
among domestic and wild carnivores including dogs, jackals, hyenas
and tigers (Théodoridès, 1986). This information seems to indicate
the occurrence of zoonotic diseases such as rabies at the domestic
and wild interface since ancient times, but nothing is known of the
original reservoir or other aspects of the epidemiology of rabies.
Important cases, outbreaks and prevalence studies of more recent
zoonotic pathogens related to Indian wildlife are listed in Table 1.

3.1. Viral pathogens

Kyasanur forest disease (KFD) is a tick-borne viral hemorrhagic
fever and KFD virus was first recognized in 1957 from sick and
dying monkeys in the Kyasanur Forest of the Shimoga district,
Karnataka state, India (Gould and Solomon, 2008; Pattnaik, 2006;
Sreenivasan et al., 1986; Work and Trapido, 1957). In addition to
human infection, KFD virus commonly infects the black faced
langur (Presbytis entellus) and red faced bonnet monkey (Macaca
radiate) (Pattnaik, 2006). Kyasanur forest disease virus also
circulates in small animals such as rodents, shrews and birds
(Banerjee, 1988). A recent upsurge in KFD has been reported
(Kasabi et al., 2013a,b). Antibodies against KFD virus have also
been detected in humans in parts of Gujarat (semi-arid area,
around 1200 km away from the main focus of KFD), isolated
localities of West Bengal state and Andaman and Nicobar islands of
India (Pattnaik, 2006).

The epizootiology of KFD in wild monkeys of Shimoga,
specifically the death of monkeys in dry seasons (February and
March) correlates well with human cases of KFD (Goverdhan
et al., 1974). Recently, the highly pathogenic avian influenza
(HPAI) H5N1 virus was recovered from a dead jungle crow (Corvus
macrohynchos) in Assam near the epicentre of an H5N1 outbreak in
poultry (Nagarajan et al., 2010). The HPAI H5N1 virus is highly
contagious among birds, especially domestic poultry. Japanese
encephalitis was first recognized in 1955 in India and subsequent-
ly many human outbreaks have been reported. Ardeid birds such
as pond herons (Ardeola grayii), cattle egrets (Bubulcus ibis) and
little egrets (Egretta garzetta) were infected with Japanese
encephalitis virus and West Nile virus and probably play a key
role in the maintenance of these viruses in some parts of India
(Buescher et al., 1959; Rodriguez et al., 1981; Soman et al., 1977).
Hanta virus is a rodent-borne virus and there are reports of



Fig. 2. Map of India showing state boundaries and major cities.
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serological evidence of anti-hantavirus IgM antibodies in human
patients in India (Chandy et al., 2008). Wild indigenous small
mammals including rodents such as bandicoot (Bandicota benga-
lensis), black rats (Rattus rattus), house mice (Mus musculus) and
shrew (Suncus murinus) act as reservoir hosts for Hanta virus
(Carey et al., 1971; Chandy et al., 2013; Schmaljohn and Hjelle,
1997). In northern India, Pteropus giganteus bats live in close
association with human populations (Smith et al., 2008). Isolation
of Nipah virus from Pteropus bats probably indicates their
important role in its transmission in India (Yadav et al., 2012).
Furthermore, the DNA sequence analysis of different genes
indicates much similarity with Nipah virus which was isolated
from earlier outbreaks in India (Yadav et al., 2012). Ingestion of
contaminated fresh date palm sap and remnants of previously
eaten fruits, and contact with infected animals are important risk
factors for human infection. Rabies of Arctic-like lineage has also
been recorded from India (Nadin-Davis et al., 2007). Given the
relatively close phylogeny between rabies virus variants of the
Indian dog and arctic fox, the role of wildlife in maintaining rabies
in India should be thoroughly studied (Nadin-Davis et al., 2007).
For human rabies, contacts with jackals, cats, monkeys, mongooses
and foxes were found to be associated with 1.7, 0.8, 0.4, 0.4 and 3%,



Table 1
Cases, prevalence studies and disease outbreak investigations reported for wildlife related zoonoses in India.

Disease/etiological agent Type of study Host species involved Year States
involved

References

Viral zoonoses
Avian influenza/ type A (H1N1)
virus

Case Platalea leucordia(eurasian spoonbill, wild aquatic bird) 2009–
2010

Maharashtra Pawar et al., 2009, 2010

Avian influenza/ highly
pathogenic–H5N1virus

Case Corvus macrohynchos(jungle crow) 2010 Assam Nagarajan et al., 2010

Avian influenza/ highly
pathogenic–H5N1virus

Four outbreak
investigations

Corvus macrohynchos(crow) 2011–
2012

Jharkhand,
Orissa, Bihar,
Maharashtra

OIE, 2012

Crimean congo hemorrhagic fever/
CCHF virus

Case Homo sapiens(humans) 2011 Gujarat Patel et al., 2011

Hanta virus infections Case Homo sapiens (humans) 2009 Andhra
Pradesh

Chandy et al., 2009

Hanta virus infections Sero-
prevalence

Homo sapiens (humans) 2008 Tamil Nadu Chandy et al., 2008

Hanta virus infections Sero-
prevalence

Bandicota bengalensis and Rattus rattus (bandicoot and black
rats)

2012 Tamil Nadu Chandy et al., 2013

Japanese encephalitis/JE virus Sero-
prevalence

Ardeola grayii (pond heron) andBubulcus ibis(cattle erget) 1981 Andhra
Pradesh

Rodrigues et al., 1981

Japanese encephalitis (JE virus)/
West Nile virus disease

Sero-
prevalence

Pond herons, Little ergets (ardeid birds) and Grey patridges
and Quails (terrestrial birds)

2003 Karnataka Jamgaonkar et al., 2003

Kyasanur forest disease/KFD
(Flavivirus)

Outbreak
investigation

Two species of monkeys viz. Semnopithecus entellus (black
faced langur) and Macaca radiata (red faced bonnet monkey)

1957 Karnataka Gould and Solomon,
2008; Pattnaik, 2006;
Work and Trapido, 1957

Kyasanur forest disease Outbreak
investigation

Homo sapiens (humans) 1957 Karnataka Acha and Szyfres, 2003

Kyasanur forest disease Sero-
prevalence

Homo sapiens (humans) 1962 Gujarat,
Maharashtra,
West Bengal

Sarkar and Chatterjee,
1962

Kyasanur forest disease Sero-
prevalence

Homo sapiens (humans) 2006 Andaman and
Nicobar

Pattnaik, 2006

Lyssa virus infections Case Pteropusspp. (flying fox) 1980 – Fraser et al., 1996
Newcastle disease/NCD virus Prevalence Columbiformes (white dove), Psittaciformes (macaw parrot, red

breasted parakeet, white cockatiel), Phasianidae (golden
pheasant, jungle fowl), Passeriformis (white crested laughing
thrush)

1998 Tamil Nadu Roy et al., 1998

Newcastle disease/NDV 2, NDV 2K3
virus

Case Columbaspecies (pigeon) 2000 Tamil Nadu Tirumurugaan et al.,
2011

Nipah virus infections/Nipah virus Isolation and
serology

Pteropus giganteus(fruit bat) 2012 West Bengal Yadav et al., 2012

Nipah virus infections Sero-
prevalence

P. giganteus (fruit bat) 2008 Haryana Epstein et al., 2008

Rabies virus infections Case Vulpes vulpes(wild fox) 2004 Karnataka Suja et al., 2004
Homo sapiens (humans)

Thottapalayam virus infections
(indigenous Indian Hanta virus
species)

Case Suncus murinus(shrew) 1966 Vellore, south
India

Song et al., 2007

West Nile virus disease/WNF virus Case/sero-
prevalence

Homo sapiens(humans) 1970–
2012

South and
northeast
India

Paul et al., 1970

West Nile virus disease Case Rousettus leschenaulti (frugivorous bats) 1970 – Paul et al., 1970
West Nile virus disease Sero-

prevalence
Ardeola grayii(pond herons),Bubulcus ibis (cattle egrets) 1981 Andhra

Pradesh
Rodrigues et al., 1981

-
Bacterial zoonoses
Anthrax/Bacillus anthracis Case Felis chaus(jungle cat) 1970–

78
Not
mentioned

Hugh Jones and deVos,
2002; Rathore and
Khehra, 1981Prionailurus iriomotensis(leopard) 1970–

78
Neofelis nebulosa(leopard, clouded) 1970–

78
Loris tardigradus (slender loris) 1975–

77
Anthrax/Bacillus anthracis Case Elephas maximus indicus(wild elephant) 2009 Kerala Priya et al., 2009
Brucellosis/Brucellaspp. Sero-

prevalence
Poephagus grunniens(yaks) 2009 Arunachal

Pradesh
Bandyopadhyay et al.,
2009

Chlamydiosis/Chlamydia psittaci Case Columba species(pigeon),Psittaciformes sp.(parrot) andCorvus
sp. (crow)

1997 Himachal
Pradesh

Chahota et al., 1997

E. coliinfection/E. coliO17, O103,
O147

Isolation
studies

Panthera tigris(white tigers) 2010 Maharashtra Satpute et al., 2010

E. coliinfection/E. coliO5, O52 Panthera tigris(tigers)
E. coliinfection/E. coliO66 Canis lupus(wolf)
Leptospirosis/Leptospiraspp. Outbreak

investigation
Homo sapiens (humans) 2006 Andaman

islands
Sharma et al., 2006

L. interrogans Isolation
studies

Rattus norvegicus (rat)
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Table1 (Continued)

Disease/etiological agent Type of study Host species involved Year States
involved

References

Plague/Y. pestis Outbreak
investigation

Homo sapiens (humans) 1994 Gujarat CDC, 1994

Salmonellosis/Salmonella enteric
subspp. Arizonae

Case Homo sapiens(humans-infant) 2003 New Delhi Mahajan et al., 2003

Salmonellosis/S. TyphimuriumDT
193

Outbreak
investigation

Sus salvanius(pigmy hog) rarer wild suid 2005 Assam Rahman et al., 2005

Salmonellosis/Salmonellaspp. Sero-
prevalence

Rodents 1984 South India Srivastava et al., 1984

Salmonellosis/S. Typhimurium Isolation
studies

Carnivorous animals 1980 UP, Delhi Sethi et al., 1980
Salmonellosis/S. enteritidis Rodents
Salmonellosis/Salmonella group E1 Panthera pardus(leopard)
Tuberculosis/M. bovis Case Crocuta crocuta(hyena),Panthera leo(lion) 2007 Tamil Nadu Vathsala et al., 2007
Tuberculosis/(M. tuberculosis/M.
bovis)

Sero-
prevalence

Elephas maximus(captive Asian elephant) 2007 South India Abraham, 2009

Tuberculosis/Mycobacteriumspp. Case Rhinoceros unicornis(Indian rhinoceros) 1984 – Lakshmana et al., 1984
Diceros bicornis(black rhinoceros) 1996 Karanatka Valandikar and Raju,

1996
Muntiacus muntjak(free ranging barking deer) 2010 Maharashtra Baviskar and

Bhandarkar, 2010
Tuberculosis/Mycobacteriumspp. Case Axis axis(captive deer) – – Basak et al., 1975;

Ghosal, 1934
Captive wild herbivores – – Chakraborty et al., 1993
Giraffa camelopardalis(giraffe) – – Rai and

Chandrashekhran, 1958
Axis axis(spotted deer) – – Tanwar et al., 2001

-
Parasitic zoonoses
Cysticercosis/T. solium Case Sus scrofa(wild boar) 1966–

1969
West Bengal Leishangthem et al.,

2010
Gnathostomosis/Gnathostoma
spinigerum

Case Homo sapiens (humans) 1999 Tamil Nadu Rao et al., 1999
Panthera tigris(tigers) 2006 Bengal Samantaray and Topno,

2006Felis catus(cats) Madras
Canis familiaris(dogs) Assam, Kerala
Sus scrofa(pigs) Meghalaya

Hydatidosis/E. multilocularis Case Homo sapiens (humans) – – Aikat et al., 1978
Hydatidosis/E. granulosus Case Boselaphus tragocamelus(nilgai) 2010 New Delhi/

UP
Leishangthem et al.,
2010

Leishmaniasis/Leishmaniaspp.
infection

Sero-
prevalence

Rattusspp. (wild rats) 2012 Bihar Singh et al., 2013

Malaria zoonosis of simian origin/
Plasmodium spp.

Case Homo sapiens (humans) 1980 Greater
Nicobars,
Andaman

Kalra, 1980

Parasitic eggs/Trichuris spp.,
Strongyloidesspp.

Detection of
parasite eggs
in zoo animals

Herbivores 2000 Coimbatore Varadharajan and
Kandasamy, 2000

Parasitic eggs/Toxocara,
Ancylostoma spp.

Carnivores

Parasitic eggs/Trichuris spp.,
Hymenolepis diminuta,
Strongyloides spp., Ascaris suum,
Ascaris spp.

Omnivores 2009 Punjab Singh et al., 2009

Parasitic eggs/Trichuris,
Strongyloides, Fasciola spp.

Wild ruminants 2011 Madhya
Pradesh

Gupta et al., 2011

Parasitic eggs/Sparganosis/
Spirometra spp.

Panthera tigris tigris(white tiger) 2008 Maharashtra Shrikhande et al., 2008

Parasitic eggs/Toxocara, Ascaris spp. Detection of
parasite eggs
in zoo animals

Panthera tigris(tiger) 2008 Maharashtra Shrikhande et al., 2008
Parasitic eggs/Paragonimus spp. Canis lupus(wolf)
Parasitic eggs/Strongyloid spp.,
Fasciola spp.

Herbivores 1999 Kerala Vardharajan and Pythal,
1999

Parasitic eggs/Toxocara,
Ancylostoma spp.

Carnivores

Trichinellosis/Trichinellaspp. Outbreak
investigation

Homo sapiens (Humans) 2009–
2012

Uttranchal Sethi et al., 2012

-
Fungal zoonoses
Fungal disease/C. albicans, A.
fumigatus

Isolation
studies

Wild animals 1972 – Gugnani, 1972
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respectively, of the reported cases (Bhatia et al., 2004; Matha and
Salunke, 2005; Wilde, 2005). In India, about 20,000 human deaths
are reported every year due to rabies most of them due to bites
from rabid dogs (Sudarshan et al., 2007), of which about 60% are
strays and 40% are owned pets (Menezes 2008).
3.2. Bacterial pathogens

Tuberculosis has been reported from many wild animal species in
India. Polymerase chain reaction (PCR) assay of three samples of
blood, caseated nodules and lung tissues collected from hyenas,
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bears and lions maintained at Arignar Anna Zoological Park, Chennai
(Tamil Nadu) detected Mycobacterium bovis (Vathsala et al., 2007).
Mycobacterium avium infection was recorded from pulmonary
tuberculous lesions found in spotted deer (Axis axis) based on
culture and standard biochemical tests (Arora, 1993). Out of 25
Indian elephants (Elephas maximus) tested at Kaziranga National
Park, Assam, three adults were found to be reactors to intra-dermal
injection of 0.1 ml tuberculin purified protein derivative (Mahato
et al., 1998). Although considered primarily a disease of domestic
animals in India, high sero-prevalence of brucellosis has been
reported in wild animals such as yaks (Poephagus grunniens). Of 374
yaks tested in Arunachal Pradesh, 23.79, 21.11 and 18.98% were
found positive for brucellosis using avidin-biotin ELISA, Rose-
Bengal plate test and standard tube-agglutination test, respectively
(Bandyopadhyay et al., 2009).

The predominance of leptospirosis in coastal regions is most
likely correlated with the presence of brown rats (Rattus
norvegicus) that live in and around human dwellings (Priya
et al., 2007; Victoriano et al., 2009). In a study conducted among
the high-risk groups of Andaman Islands, randomly amplified
polymorphic DNA fingerprinting pattern of the strains recovered
from rodents and human patients identified them as belonging to
genomo-species Leptospira interrogans. Based on antigenic char-
acterization, these strains belonged to serovar Valbuzzi of
serogroup Grippotyphosa (Sharma et al., 2006). Limited informa-
tion on leptospirosis in rodent reservoirs is available in India
(Gangadhar et al., 2000; Gangadhar and Rajasekhar, 1998).
Nevertheless, rodents are recognized as important reservoir hosts
(WHO, 2006).

Populations of wild rodent Tatera indica aestivating during
adverse conditions in India presumably continue to act as hosts for
infected flea Xenopsylla astia, thereby promoting the persistence of
plague infection within the area (Baltazard and Bahmanyar, 1960;
Ben et al., 2011). Anthrax still remains enzootic in many national
parks and sanctuaries throughout the world and India is no
exception (HughJones and deVos, 2002). Experimental infection
studies in monkeys in India have found them to be susceptible to
Enterohemorrhagic 1012 Escherichia coli O157: H7 strain 84–01,
which produces Shiga toxin (Kang et al., 2001). Salmonella enterica
Arizonae, a bacterium found in reptiles, was responsible for the
death of an infant; the child's father was a snake charmer, having
continuous interaction with reptiles at home (Mahajan
et al., 2003).

3.3. Parasitic pathogens

Although a number of zoonotic parasites, including protozoa,
nematodes and cestodes, have been reported in humans in India,
little is known about their occurrence in animals, particularly
wildlife. A recent occurrence of multiple outbreaks of human
trichinellosis after the consumption of raw or undercooked wild
boar meat (Sethi et al., 2012) indicates the presence of Trichinella
species in wild boar populations in India. Hydatid cysts have been
detected in the lungs of Nilgai (Boselaphus tragocamelus – wild
cattle) (Leishangthem et al., 2010). Cystic echinococcosis is a
serious concern in buffaloes (Singh et al., 2014), but because it is
considered livestock in India it is not discussed in this paper. A wild
boar was found to be infected with Cysticercus cellulosae (Taenia
solium) at the Calcutta Zoo, India, in the period 1966–1969
(Leishangthem et al., 2010). Leishmanial antibodies have been
detected in wild rats (Rattus sp.) (Singh et al., 2013), and Indian
Desert Gerbil (Meriones hurrianae) are considered the reservoir
host in India (Gramiccia and Gradoni, 2005). The surge in
population of Meriones is a potential source for cutaneous
leishmaniasis outbreaks in humans (Elfari et al., 2005). The
occurrence of, and a fatal human infection due to, Echinococcus
multilocularis have been reported in India (Aikat et al., 1978).
Zoonotic simian malaria which emerged in the union territory of
the Andaman and Nicobar islands has been reported among the
human population (Kalra, 1980; Singh et al., 2010).

Systematic surveys have not been done for important zoonotic
parasites such as Toxoplasma, Cryptosporidium, Sarcocystis, Diphyl-
lobothrium, Clonorchis, Opisthorchis, Fasciola, Anisakis, Giardia, etc.;
the epidemiological role of wildlife in diseases caused by these
parasites is unknown. However, opportunistic investigations have
been done on faecal samples of captive animals revealing a
substantial presence of various parasites.

3.4. Fungal pathogens

Not much work has been done on fungal zoonotic pathogens in
relation to Indian wildlife. The finding of fungi in 630 small wild
mammals belonging to 11 species and 10 genera revealed the
occasional occurrence of only a few potential fungal pathogens
such as Aspergillus fumigatus, Candida albicans and Geotrichum
candidum that had no pathogenic significance in the animals
examined (Gugnani, 1972).

4. Factors influencing interactions at wildlife–human/livestock
interface

The WHO/FAO/OIE in 2004 in a joint consultation on emerging
zoonotic diseases concluded that anthropogenic factors such as
agricultural expansion, global travel, trade in domestic or exotic
animals, urbanization and habitat destruction comprise some of
the major drivers of zoonotic disease emergence (WHO/FAO/OIE,
2004). The emergence of Nipah virus demonstrates the interplay
between these multiple ecological risk factors such as habitat
destruction, intensive animal agriculture, and long-distance
animal transport (Greger, 2007). Many of these anthropogenic
factors have negative implications for wildlife health, and in turn
for human health; however the current section is primarily focused
on the important factors associated with emergence or reemer-
gence of zoonotic pathogens from wildlife in India.

4.1. Deforestation, expanding human and livestock population and
habitat sharing

Deforestation is an important factor contributing to increased
interactions at wildlife-human interface. In India, in 1957 a novel
disease named after the recently deforested Kyasanur forest and
caused by a tick-borne flavivirus (Taylor, 1997) occurred due to
clearance of the forest land which was subsequently used for
grazing by cattle. Cattle are a major host for the tick species
(Haemaphysalis spinigera) that carried the virus out from its simian
reservoir and now causes as many as 1000 human cases each year
(Greger, 2007; Varma, 2001). Recently, the tick Dermacentor
auratus has also been reported from livestock in the Kyasanur
forest (Ajithkumar et al., 2012).

According to the 2011 Census of India, the country's total
human population was just over 1.2 billion. The rate of population
expansion in India is alarming. The forests of southern Asia,
including India are being cleared to provide cropland for support of
a rapidly expanding human population (FAO, 2012). During 1850–
1920 as much as 33 million hectares of forest was cleared in India
(Williams, 2002); today 68 million hectares of forest remain (FAO,
2012). Expanding agriculture results in habitat destruction of
wildlife and increases the risk of human contact with wildlife
related zoonotic pathogens. The presence of similar Leptospira
strains in rodents and human patients demonstrated that people
engaged in high-risk activities such as agriculture, sewage
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disposal, forestry, animal handling and slaughtering are frequently
exposed to Leptospira species (Sharma et al., 2006).

The livestock sector has developed tremendously over the last
two decades in India. Urbanization and increasing incomes have
led to an increase in the per-capita consumption of meat, eggs, and
dairy products particularly in the developing world, leading to
what has been termed the “Livestock Revolution” (Pearson et al.,
2005). Livestock production may double again by 2020 (Pearson
et al., 2005). This has disturbed the ecological balance as many
forests have been clear-cut to provide for additional farmland.
Increasing milk production (locally referred to as “white revolu-
tion”) has led to continuously increasing livestock population and
has resulted in expanding livestock habitats. This has reduced
wildlife habitats which are increasingly shared with livestock and
humans. Furthermore, the use of wildlife reserve areas for livestock
grazing and fodder collection acts as an important risk factor for
sharing of zoonotic pathogens between wildlife and livestock
species. Recently, a case of tick (D. auratus) bite was reported in a
human subject in Kerala (Ajithkumar et al., 2012). The tick D.
auratus has already been reported to carry many Rickettsiae and
viruses and most importantly KFD virus which causes a fatal
zoonotic disease in the country. Spread of this tick might have
occurred due to migration of wildlife or transportation of livestock
(Ajithkumar et al., 2012) from D. auratus prevalent Kyasanur forest
and surrounding area of Karnataka state to the neighboring district
Wayanad of Kerala.

4.2. Human–wildlife conflicts

Wild boars are fairly fragmented in distribution throughout the
country (Chauhan et al., 2009; Shetty et al., 2008). Human-wild pig
conflicts have been frequently reported from these areas (Chauhan
et al., 2009) because of wild boar damage to agricultural crops.
Such conflicts usually result in illegal hunting and consumption of
wild animal meat with high risk of diseases such as trichinellosis,
echinococcosis and taeniosis. Human–wildlife conflicts associated
with elephants, leopards, sloth bears and tigers have also been
recorded (Thomassen et al., 2011). Wolf and jackal associated
injuries to humans indicate an important risk for human rabies
(Thomassen et al., 2011). Wolves and other wild canids occur in
locations close to human dominated areas in India. Free roaming
domestic dogs are common in such landscapes, and are known
reservoir of rabies (Thomassen et al., 2011). A potential for spillover
of canine rabies to wolves and other canids exists; and rabies might
play an important role in human-wolf conflict (Thomassen et al.,
2011). Human–monkey conflicts in northern India were also
reported (Distefano, 2005). Rhesus macaques (Macaca mulatta),
Hanuman langurs (Semnopithecus entellus) and lion-tailed mac-
aques (Macaca fascicularis) are known to be involved in such
conflicts (Dutta, 2012).

4.3. Illegal hunting and consumption of bush meat

Another risk factor related to the emergence of zoonotic
diseases from wildlife is the considerable increase in consumption
of bush meat in many parts of the world (Chomel et al., 2007). The
commercial bush meat trade in Asia (Bell et al., 2004), particularly
in Guangdong, the southern Chinese province, has lead to the
emergence of both HPAI virus A subtype H5N1 (H5N1) (Chen et al.,
2004) and the epidemic of SARS (Donnelly et al., 2003). Illegal
hunting and bush meat trade may expose humans to previously
unknown pathogens. Despite the ban on hunting, poor law
enforcement has facilitated illegal hunting for poachers and forest
dwellers in India. There are several indigenous tribes in the country
who hunt for food, trade, culture and leisure (Aiyadurai et al.,
2010). Additional research is required to estimate consumption
rates of wild meat.

4.4. Climate change

The latest projections on climate change indicate that alter-
ations in the hydrological cycle are likely to happen with an
increase in the severity of droughts and intensity of floods in
various parts of India (Kumar et al., 2006; MOEF, 2004).
Furthermore, a decrease in the amounts of run-off water available
for agricultural use and drinking is expected. It is anticipated that
climate change will result in a shift towards more humid forests in
the north-eastern regions and drier forests in the north-western
regions (MOEF, 2004). The climate-sensitive sectors (forests,
agriculture, coastal zones) and natural resources (groundwater,
soil, biodiversity, etc.) are already under stress due to socio-
economic pressures. Keeping track of zoonotic pathogens is very
important, as climate change increases the risk of zoonoses by
expanding the host range, reservoirs, and vector base (Singh et al.,
2011).

Climate change has the potential to affect population dynamics
of wildlife. Wide variability in climate may also lead to changes in
the range of areas over which wildlife can live, as well as expand
the current limits of agricultural activities, thereby increasing the
chance of new contact between species. These factors might
increase the risk of diseases such as rabies, plague, trichinellosis,
KFD, Nipah and influenza, all of which are already prevalent or
recorded in different parts of the country (Pattnaik, 2006; Rozario,
2008; Sehgal and Bhatia, 1990; Singh et al., 2011).

4.5. Other factors influencing interactions at wildlife–human/livestock
interface

The important animate factors include availability of host and
vector populations, microbial change and adaptation, and survival
and infectivity of microbes in the environment. Environmental
conditions such as floods and droughts (extreme events),
temperature, humidity, and soil pH have the potential to influence
emergence and re-emergence of wildlife related zoonotic patho-
gens. Floods and droughts may force sharing of resources such as
food, water and habitat between wildlife and livestock. Movement
of wild rodents into human settlements has been commonly
observed during harvest season; this may lead to the creation of
favorable conditions for plague outbreaks (Kumar et al., 1997).
Increased long-distance air travel could facilitate the movement of
pathogens and vectors. The increasing popularity of ecotourism
(Karanth et al., 2012) can further enhance the risk of wildlife
related zoonoses. Additionally, factors such as poverty, lack of
personal hygiene, defecating in open spaces, scarcity of potable
water, abundance of stray animals, high population density, and
certain culinary habits help many zoonotic parasites to readily
complete their life cycles in India (Singh et al., 2010).

5. Negative effects on wildlife

Captive wildlife populations may be viewed as victims of
diseases as they come into contact with human populations
regularly. Although wild animals and cattle commonly do not come
into contact with each other, transmission of M. bovis from
domestic animals to wildlife (spillover) and subsequent spillback
continued over the millennia (Bose, 2008). Many cases of
tuberculosis have been reported in captive wild herbivores
(Chakraborty et al., 1993). Tuberculosis is probably non-existent
in wild primates remote from human habitation (Montali et al.,
2001). Introduction of tuberculosis via humans may be the reason
for the current prevalence of tuberculosis in captive wild animals.
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E. coli has been isolated from endangered captive wild tigers
(Panthera tigris) and wolves (Canis lupus) (Satpute et al., 2010).
Different strains of Salmonella viz. S. enteritidis from rodents, S.
typhimurium and a strain of Salmonella group E1 from carnivores
have been isolated in zoos located in northern India (Sethi
et al., 1980).

Spillback of many pathogens from humans and livestock to
wildlife can threaten rare and endangered wildlife species. For
example, Rahman et al. (2005) recorded an outbreak of infection
by Salmonella Typhimurium DT 193 (syn. S. enterica serovar
Typhimurium) causing mortality in pigmy hog (Sus salvanius),
the smallest and rarest wild suid in the world, in Assam, India.
Additionally, fear of the potential for emerging pandemic or
zoonotic disease outbreaks may lead to culling of rare and
endangered wildlife species.

6. Public health implications

India has a huge human population living close to the forest
with their livelihoods critically linked to the forest ecosystem.
There are around 173,000 villages located in and around forests
(MOEF, 2006). The forest dependent population in India has been
estimated to be from 275 million (World Bank, 2006) to 350–400
million (MOEF, 2009). People living within or close to forests
depend on the forest for a variety of products for food, fodder,
agriculture and housing. To safeguard the human population living
close to the forest, there is a need for vigilance of wildlife diseases
in India. Some animals such as cows and monkeys are regarded as
sacred in India. This religious belief and traditional attachment to
monkeys greatly influence people's perception. However, as
primates, monkeys present unique risks for humans in India.
There were about 260,000 rhesus monkeys (M. mulatta) reported
to live in residential areas of northern India (Distefano, 2005).
Rhesus monkeys are aggressive and at times compete with humans
for food and space (Dutta, 2012). This is a serious issue as these
conflicts could result in transmission of many important zoonotic
diseases including Herpes B virus infections and rabies (Dutta,
2012).

The presence of zoonotic pathogens in wildlife has tremendous
significance in view of the extensively diverse, dispersed wildlife
populations that are free ranging in India. Of the over 2094 kinds of
birds occurring on the Indian subcontinent, 344 are migrants,
coming mostly from the northern Eurasian region (Ramesh and
Ramachandran, 2005). Migratory birds have the ability to transmit
important zoonotic pathogens to poultry, such as avian influenza,
SARS, Newcastle disease (ND) and West Nile virus, Chlamydia
psittaci, Borrelia burgdorferi, and entero-pathogens such as
Campylobacter and Salmonella (Dhama et al., 2008). Wild aquatic
birds, such as geese, shorebirds and wild ducks are natural
reservoirs of influenza A viruses (Sturm-Ramirez et al., 2005). Since
wild birds are a potential source of virulent ND virus for other
susceptible birds, it is necessary to screen captive wild birds in
order to control ND among poultry.

Many wildlife species naturally found in the country could
readily serve as reservoir hosts for upcoming zoonotic pathogens.
Known reservoirs for Nipah viruses are fruit bats (Pteropus spp.),
which are distributed across the Indo-Pacific region from
Madagascar eastward to the South Pacific islands (Epstein et al.,
2006). Wildlife species such as bats could become key candidates
for transfer of zoonotic pathogens as they have a long life span, live
in large and dense populations in proximity to human populations,
occur in colonies of mixed species, and have feeding habits that
generate leftovers for other species. Rabies is exclusively a disease
of terrestrial and airborne mammals, including dogs, wild canids
and felids (wolves, foxes, coyotes, jackals, cats, bobcats, lions),
skunks, badgers, bats, mongooses, monkeys and humans
(Menezes, 2008). The possibility of spill-over of rabies virus from
dogs to wildlife and vice versa is always present. There is evidence
to indicate that natural infection with SARS-coronavirus may occur
in a number of wild animal species indigenous to China and parts
of south-east Asia (WHO, 2003).

Cattle, goats, donkeys, horses, etc., along with smaller wildlife
species such as hares and hedgehogs can act as a reservoirs for the
Crimean Congo hemorrhagic fever virus which was recently
reported from India (Ergonul, 2006). Leptospirosis has been a
continuing and significant problem in the densely populated,
flood-prone low lying areas of India. Carrier animals include rats,
pigs, cattle, bandicoots and dogs. The country has a huge
population of stray dogs and cats. Stray dogs are responsible for
transmission of diseases such as rabies and echinococcosis.

In India, under the Wildlife Protection Act 1972, it is illegal to
kill any wildlife. Nevertheless, a large number of mammals and
birds are hunted, particularly in northeast India, and rural people
are heavily dependent on wild meat (Hilaluddin et al., 2005). Yak's
meat and milk are preferable over products of other animals
because of their flavorful taste. Thus, the presence of reservoirs of
sub-clinical brucellosis in Yak also poses a great threat to
consumers, veterinary personnel, slaughter house workers and
farmers (Bandyopadhay et al., 2009). The popularity of (wide-
spread) hunting of waterfowl (Galliform birds) (Hilaluddin et al.,
2005) represents a continuous risk of emergence or re-emergence
of many important zoonotic pathogens such as avian influenza.
Consumption of raw or undercooked wild boar meat has led to
multiple outbreaks of trichinellosis in human beings (Sethi et al.,
2012) and is a serious food safety risk. Exposure to dead rodents
and other wildlife could be an important risk for exposure to many
pathogens, including Toxoplasma gondii tissue cysts and Trichinella.
The faeces of wild animals could also contaminate water, food and
ready-to-eat fruits and vegetables with zoonotic pathogens such as
Salmonella, Campylobacter, Echinococcus, Toxoplasma, and Crypto-
sporidium, etc.

The OIE (2006) reports that the benefits arising from improved
prevention and control measures against zoonotic diseases
outweigh the costs of prevention and control investment (OIE,
2006; Greger, 2007). The economic costs of SARS in Asia were
found to be more than $10 billion USD (Fan, 2003; Lee and
McKibbin, 2003). Economic losses due to many important human
and animal diseases in India have not been estimated. However, a
plague outbreak in 1994 resulted in an estimated loss of $3 billion
US in the country (WHO, 2002).

Epidemics due to wildlife related zoonotic pathogens have
resulted in huge economic losses in India. Unfortunately, essential
data to quantify estimates of burden are not available. Major
economic losses due to recent epidemics of influenza, Nipah virus
infections, and other diseases such as KFD and leptospirosis have
been experienced. Condemnation of carcasses, reduction in
growth and production, and decrease in fecundity of infected
animals are some of the important losses occurring in the
livestock industry. Human losses arise from loss of life, loss of
productivity, treatment costs and other socioeconomic down-
turns.

7. Conclusions

Some important challenges to advancing control of zoonotic
diseases and their emergence from wild animals in India include
the presence and dependence of large human populations in
forests and on forest land, encroachment of stray animals such as
dogs and cattle on wildlife habitat, overlapping and shared habitats
of humans, livestock and wildlife, and the general lack of
appreciation regarding occurrence and dynamics of zoonotic
pathogens.
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Factors such as climate change, deforestation, expanding human
population and agricultural activities, and livestock revolution have
led to an increase in interactions at the wildlife–human/livestock
interface. This has resulted in an increased risk of emergence and re-
emergence of wildlife related zoonotic pathogens in India in the last
few decades, such as KFD, Nipah, influenza, plague, leptospirosis and
trichinellosis. There is a lack of information on zoonotic pathogens
present in wildlife and migratory bird populations except when they
affect the human or animal populations in the country. Preventing
the entry of wildlife related zoonotic pathogens into human and
livestock populations is an important challenge for India. Control of
outbreaks arising from wildlife related zoonotic pathogens such as
influenza and Nipah virus is a major issue which needs to be
addressed.

Prioritizing research on zoonotic pathogens in wildlife is
essential for India. Surveillance using traditional as well as
molecular approaches can help to better understand prevalent
and emerging wildlife related zoonoses in the country. A planned
multidisciplinary one-world one-health approach including at the
veterinary/medical and at the wildlife-livestock/human interface
is necessary for a coordinated and effective national strategy.
International cooperation, sharing of information and public
support and education can help to control emerging and re-
emerging wildlife related zoonotic pathogens in India and globally.

Acknowledgements

The authors wish to thank Dr. P. Y. Daoust, Canadian
Cooperative Wildlife Health Centre, Department of Pathology
and Microbiology, Atlantic Veterinary College, University of Prince
Edward Island, Canada for providing valuable expert advice and
reviewing this manuscript.

References

Abraham, D., 2009. Seropositivity to human/bovine strains of tuberculosis among
captive Asian elephants (Elephas maximus) in southern India: conservation and
zoonotic implications. International Symposia on Veterinary Epidemiology and
Economics (ISVEE) proceedings, ISVEE 12: Proceedings of the 12th Symposium
of the International Society for Veterinary Epidemiology and Economics,
Durban, South Africa, Theme 9 – Wildlife diseases and the wildlife/livestock/
human interface: Poster session, Wildlife epidemiology, Public health,
pp. 757.

Acha, P.N., Szyfres, B., 2003. Zoonoses and Communicable Diseases Common to Man
and Animals, third ed. Pan American Health Organization, Washington, D.C.

Aengals, R., Sathish Kumar, V.M., Palot, J., 2011. An updated Checklist of Indian
Reptiles. ZSI E-news web site .

Aikat, B.K., Bhusnurmath, S.R., Cadersa, M., Chhuttani, P.N., Mitra, S.K., 1978.
Echinococcus multilocoularis infection in India: first case report proved at
autopsy. Trans. R. Soc. Trop. Med. Hyg. 72, 619–621.

Ajithkumar, K.G., Ravindran, R., Ghosh, S., 2012. Dermacentor auratus Supino, 1897
(Acarina, Ixodidae) reported from Wayanad, Kerala. Indian J. Med. Res. 135, 435–
436.

Aiyadurai, A., Singh, N.J., Milner-Gulland, E.J., 2010. Wildlife hunting by indigenous
tribes: a case study from Arunachal Pradesh, north-east India. Oryx 44, 564–572
doi:http://dx.doi.org/10.1017/S0030605309990937.

Arora, B.M., 1993. A case of avian tuberculosis in spotted deer. World Anim. Rev. 77,
53–55.

Baltazard, M., Bahmanyar, M., 1960. Research on plague in India. Bull. World Health
Organization 23, 169–215.

Bandyopadhyay, S., Sasmal, D., Dutta, T.K., Ghosh, M.K., Sarkar, M., Sasmal, N.K.,
Bhattacharya, M., 2009. Seroprevalence of brucellosis in yaks (Poephagus
grunniens) in India and evaluation of protective immunity to S19 vaccine. Trop.
Anim. Health Prod. 41, 587–592.

Banerjee, K., 1988. Kyasanur forest disease. In: Monath, T.P. (Ed.), The Arbo-
Viruses: Ecology and Epidemiology, vol. 3. CRC Press, Boca Roton, FL, pp. 93–
116.

Basak, D.K., Chatterjee, A., Neogi, M.K., Samanta, D.P., 1975. Tuberculosis in captive
deer. Indian. J. Anim. Health 14, 135–136.

Baviskar, B.S., Bhandarkar, A.G., 2010. Tuberculosis in free ranging barking deer
(Muntiacus muntjak). Zoo's Print 25, 25–26.

Bell, D., Roberton, S., Hunter, P.R., 2004. Animal origins of SARS coronavirus: Possible
links with the international trade in small carnivores. Philos. Trans. R. Soc. Lond.
B. Biol. Sci 359, 1107–1114.
Ben, A.T., Neerinckx, S., Gage, K.L., Kreppel, K., Laudisoit, A., 2011. Plague and
climate: scales matter. PLoS Pathog. 7, e1002160 doi:http://dx.doi.org/10.1371/
journal.ppat.100-160.

Bengis, R.G., Leighton, F.A., Fischer, J.R., Artois, M., Mörner, T., Tate, C.M., 2004. The
role of wildlife in emerging and re-emerging zoonoses. Rev. Sci. Tech Off. Int.
Epiz. 23, 497–511.

Bhatia, R., Ichhpujani, R.L., Madhusudana, S.N., Hemachudha, T., 2004. Rabies in
South and Southeast Asia. Program and Abstracts of the WHO Expert
Consultation on Rabies (Geneva) .

Bose, M., 2008. Natural reservoir, zoonotic tuberculosis and interface with human
tuberculosis: an unsolved question. Indian J. Med. Res. 128, 4–6.

Brown, C., 2004. Emerging zoonoses and pathogens of public health significance–
an overview. Rev. Sci. Tech. Off. Int. Epiz. 23, 435–442.

Buescher, E.L., Scherer, W.F., McClure, H.E., Moyer, J.T., Rosenberg, M.Z., 1959.
Ecologic studies of Japanese encephalitis virus in Japan. IV. Avian infection. Am.
J. Trop. Med. Hyg. 8, 678–688.

Carlos, C.C., Felipe, C.C., 2008. Zoonoses with wildlife reservoirs: a threat to public
health and the economy. Rev. Méd. Chile 136, 385–393.

Carey, D.E., Reuben, R., Panicker, K.N., Shope, R.E., Myers, R.M., 1971. Thottapalayam
virus: a presumptive arbovirus isolated from a shrew in India. Indian J. Med. Res.
59, 1758–1760.

CDC, 1994, Centers for Disease Control and Prevention Human plague: India. Morb.
Mort. weekly Report 43. pp. 689–691.

Chahota, R., Katoch, R.C., Batta, M.K., 1997. Prevalence of Chlamydia psittaci among
feral birds in Himachal Pradesh. Indian J. App. Anim. Res. 12, 89–94.

Chakraborty, A., Sharma, D.K., Chaudhary, B., 1993. Tuberculosis in captive wild
herbivores. Indian J. Vet. Path. 17, 58–60.

Chandy, S., Boorugu, H., Chrispal, A., Thomas, K., Abraham, P., Sridharan, G., 2009.
Hantavirus infection: a case report from India. Indian J. Med. Microbiol. 27,
267–270.

Chandy, S., Yoshimatsu, K., Ulrich, R.G., Mertensm, M., Okumura, P., 2008.
Seroepidemiological study on hantavirus infections in India. Trans. R. Soc.
Trop. Med. Hyg. 102, 70–74.

Chandy, S., Ulrich, R.G., Schlegel, M., Petraityte, R., Sasnauskas, K., Prakash, D.J.,
Balraj, V., Abraham, P., Sridharan, G., 2013. Hantavirus infection among
wild small mammals in Vellore, South India. Zoonoses Pub. Health 60 (5),
336–340.

Chauhan, N .P.S . , Barwal , K.S . , Kumar, D. , 20 09 . H uman –wi ld pig
confl i ct in s elected s ta tes in India and mi t igat io n s trategies . Acta
Si lv. Li gn. H ung. 5 , 189 –197.

Chen, H., Deng, G., Li, Z., Tian, G., Li, Y., Jiao, P., Zhang, L., Liu, Z., Webster, R.G., Yu, K.,
2004. The evolution of H5N1 influenza viruses in ducks in southern China. Proc.
Natl. Acad. Sci. U. S. A. 101, 10452–10457.

Chomel, B.B., Belotto, A., Meslin, F.X., 2007. Wildlife, exotic pets, and emerging
zoonoses. Emerg. Infect. Dis. 13, 6–11.

Cuthbert, R., Taggart, M.A., Prakash, V., Saini, M., Swarup, D., 2011. Effectiveness of
action in India to reduce exposure of gyps vultures to the toxic veterinary drug
Diclofenac. PLoS One 6 (5), e19069 doi:http://dx.doi.org/10.1371/journal.
pone.0019069.

Daszak, P., Cunningham, A., Hyatt, A., 2000. Emerging infectious diseases of
wildlife–threats to biodiversity and human health. Science 287, 443–448.

Dhama, K., Mahendran, M., Tomar, S., 2008. Pathogens transmitted by migratory
birds: threat perceptions to poultry health and production. Int. J. Poult. Sci. 7,
516–525.

Distefano, E., 2005. Human-wildlife Conflict Worldwide: A Collection of Case
Studies, Analysis of Management Strategies and Good Practices. SARD Initiative
Report, FAO, Rome.

Donnelly, C., Ghani, A., Leung, G., Hedley, A., Fraser, C., Riley, S., AbuRaddad, L., Ho,
L., Thach, T., Chau, P., 2003. Epidemiological determinants of spread of causal
agent of severe acute respiratory syndrome in Hong Kong. Lancet 361, 1761–
1766.

Dutta, H., 2012. Man versus monkey. Curr. Sci. 103 (7), 760.
Elfari, M., Schnur, L.F., Strelkova, M.V., Eisenberger, C., Jacobson, R.L., Greenblatt, C.L.,

Presber, W., Schönian, G., 2005. Genetic and biological diversity among
populations of Leishmania major from Central Asia, the Middle East and Africa.
Microbes. Infect. 7, 93–103.

Epstein, J.H., Field, H.E., Luby, S., Pulliam, J.R., Daszak, P., 2006. Nipah, virus: impact,
origins, and causes of emergence. Curr. Infect. Dis. Rep. 8, 59–65 doi:http://dx.
doi.org/10.1007/s11908-006-0036-2.

Epstein, J.H., Vibhu, P., Smith, C.S., Daszak, P., Mclaughlin, A.B., Meehan, G., Field, H.
E., Cunningham, A.A., 2008. Henipavirus infection in fruit bats (Pteropus
giganteus), India. Emerg. Infect. Dis. 14, 1309–1311.

Ergonul, O., 2006. Crimean-Congo haemorrhagic fever. Lancet Infect. Dis. 6, 203–
214.

Fan, E.Q., 2003. SARS: economic impacts and implications. Asian Development
Bank. Oxford University Press, Hong Kong.

FAO, 2011. In: Newman, S.H., Field, H.E., de Jong, C.E., Epstein, J.H. (Eds.),
Investigating the Role of Bats in Emerging Zoonoses: Balancing Ecology,
Conservation and Public Health Interests, vol. 12. FAO Animal Production and
Health Manual, Rome.

FAO, 2012. State of the World's Forests. Food and agriculture organization of the
United Nations, Rome, pp. 1–46.

Fraser, G.C., Hooper, P.T., Lunt, R.A., Gould, A.R., Gleeson, L.T., Hyatt, A.D., Russel, G.
M., Kattenbelt, J.A., 1996. Encephalitis caused by a Lyssa virus in fruit bats in
Australia. Emerg. Inf. Dis. 2, 327–330.

http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0065
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0065
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0065
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0070
http://dx.doi.org/10.1016/j.actatropica.2014.06.009
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0115
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0115
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0155
http://dx.doi.org/10.1016/j.actatropica.2014.06.009
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0190
http://dx.doi.org/10.1016/j.actatropica.2014.06.009
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0220


76 B.B. Singh, A.A. Gajadhar / Acta Tropica 138 (2014) 67–77
Gangadhar, N.L., Rajasekhar, M., 1998. Record of rodent natural reservoir host of
Leptospira javanica in Karnataka. Ind. Vet. J. 75, 563–564.

Gangadhar, N.L., Rajasekhar, M., Smythe, L.D., Norris, M.A., Symonds, M.L., Dohnt, M.
F., 2000. Reservoir hosts of Leptospira inadai in India. Rev. Sci. Tech. Off. Int. Epiz.
19, 793–799.

Ghosal, M.L., 1934. Tuberculosis in a deer. Indian Vet. J. 10, 43.
Gould, E., Solomon, T., 2008. Pathogenic flaviviruses. Lancet 371, 500–509.
Goverdhan, M.K., Rajagopalan, P.K., Murthy, D.P.N., 1974. Epizootics of Kyasanur

forest disease in wild monkeys of Shimoga district, Mysore state (1957–1964).
Ind. J. Med. Res. 62, 497–510.

Gramiccia, M., Gradoni, L., 2005. The current status of zoonotic leishmaniases and
approaches to disease control. Int. J. Parasitol. 35, 1169–1180.

Greger, M., 2007. The human/animal interface: emergence and resurgence of
zoonotic infectious diseases. Crit. Rev. Microbiol. 33, 243–299.

Gugnani, H.C., 1972. Fungi isolated from lungs of small wild animals in India.
Mycoses 15, 479–482 doi:http://dx.doi.org/10.1111/j.1439-0507.1972.tb02442.x.

Gupta, A., Dixit, A.K., Dixit, P., Mahajan, C., Shrivastava, A.B., 2011. Incidence of
gastro-intestinal parasites in wild ruminants around Jabalpur. Indian J. Threat.
Taxa 3, 2226–2228.

Hilaluddin, Kaul, R., Ghose, D., 2005. Conservation implications of wild animal
biomass extractions in northeast India. Anim. Biodivers. Conserv. 28, 169–179.

HughJones, M.E., deVos, V., 2002. Anthrax and wildlife. Rev. Sci. Tech. Off. Int. Epiz.
21, 359–383.

Jamgaonkar, A.V., Yergolkar, P.N., Geevarghese, G., Joshi, G.D., Joshi, M.V., Mishra, A.
C., 2003. Serological evidence for Japanese encephalitis virus and West Nile
virus infections in water frequenting and terrestrial wild birds in Kolar District,
Karnataka State, India. A retrospective study. Acta Virol. 47, 185–188.

Jones, K.E., Patel, N.G., Levy, M.A., Storeygard, A., Balk, D., Gittleman, J.L., Daszak, P.,
2008. Global trends in emerging infectious diseases. Nature 451, 990–993.

Kalra, N.L., 1980. Emergence of malaria zoonosis of simian origin as a natural
phenomenon in Greater Nicobars, Andaman and Nicobar islands: a preliminary
note. J. Comm. Dis. 12, 49–54.

Kang, G., Pulimood, A.B., Koshi, R., Hull, A., Acheson, D., Rajan, P., Keusch, G.T.,
Mathan, Mathan, M.M., 2001. A monkey model for enterohemorrhagic
Escherichia coli infection. J. Infec. Dis. 184, 206–210.

Karanth, K.K., DeFries, R., Srivasthsa, Sankaraman, V., 2012. Wildlife tourists in
India's emerging economy: potential for a conservation constituency? Oryx 46,
382–390.

Karanth, K.U., Nichols, J.D., 1998. Estimation of tiger densities in India using
photographic captures and recaptures. Ecology 79, 2852–2862.

Kasabi, G.S., Murhekar, M.V., Yadav, P.D., Raghunandan, R., Kiran, S.K., Sandhya, V.K.,
Channabasappa, G.H., Mishra, A.C., Mourya, D.T., Mehendale, S.M., 2013a.
Kyasanur forest disease, India, 2011–2013. Emerg. Infect. Dis. 19 (2), 278–281
doi:http://dx.doi.org/10.3201/eid1902.120544.

Kasabi, G.S., Murhekar, M.V., Sandhya, V.K., Raghunandan, R., Kiran, S.K., et al., 2013.
Coverage and Effectiveness of Kyasanur Forest Disease (KFD) Vaccine in
Karnataka, South India, 2005–10. PLoS Negl. Trop. Dis. 7 (1), e2025 doi:http://
dx.doi.org/10.1371/journal.pntd.0002025.

Kruse, H., Kirkemo, A.M., Handeland, K., 2004. Wildlife as source of zoonotic
infections. Emerg. Infect. Dis. 10, 2067–2072.

Kumar, K., Sharma, S.K., Gill, K.S., Katyal, R., Biswas, S., Lal, S., 1997. Entomological
and rodent surveillance of suspected plague foci in agro-environmental and
feral biotopes of a few districts in Maharashtra and Gujarat states of India. Jpn. J.
Med. Sci. Biol. 50, 219–226.

Kumar, R.K., Sahai, A.K., Kumar, K., Patwardhan, S.K., Mishra, P.K., Revadekar, J.V.,
Kamala, K., Pant, G.B., 2006. High-resolution climate change scenarios for India
for the 21st century. Curr. Sci. 90 (3), 334–345.

Lakshmana, C.K., Ramanathan, S., Rama Krishna, R., Chandrasekhara, R., Vasantha,
R., 1984. Salmonellosis in adult Indian rhinoceros (Rhinoceros unicornis). J. Zoo.
Anim. Med. 15, 155.

Lee, J.W., McKibbin, W., 2003. Globalization and Disease: The Case of SARS. Working
Paper No. 2003/16. The Brookings Institution, Canberra, Australia: Research
School of Pacific and Asian Studies, Australian National University, and
Washington, D.C.

Leishangthem, G.D., Choudhury, A., Chanu, K.V., Patra, G., 2010. Echinococcus
infestation in lung of Nilgai (Boselaphus tragocamelus). Vet. Scan. 5 (2), 7.

Mahajan, R.K., Khan, S.K., Chandel, D.S., Kumar, N., Hans, C., Chaudhary, R., 2003.
Fatal Case of Salmonella enterica subsp. arizonae Gastroenteritis in an Infant with
Microcephaly. J. Clin. Microbiol. 41, 5830–5832.

Mahato, G., Rahman, H., Sharma, K.K., Pathak, S.C., 1998. Tuberculin testing in
captive Indian elephants (Elephas maximus) of a national park. Ind. J. Comp.
Microbiol. Immunol. Infect. Dis. 19 (1), 63.

Matha, I.S., Salunke, S.R., 2005. Immunogenicity of a purified vero cell rabies
vaccine used in the treatment of fox bite victims in India. Clin. Infect. Dis. 40,
611–613.

Mathews, F., 2009. Zoonoses in wildlife: integrating ecology into management. Adv.
Parasitol. 68, 185–209.

Meneghi, D.D., 2006. Wildlife, environment and (re)-emerging zoonoses, with
special reference to sylvatic tick-borne zoonoses in north-western Italy. Ann.
Super. Sanità 42, 405–409.

Menezes, R., 2008. Rabies in India. Canad. Med. Assoc. J. 178, 564–566.
Ministry of Environment Forests (MOEF), 2004. India's Initial National Commu-

nications to the United Nations Framework Convention on Climate Change.
Ministry of Environment and Forests, New Delhi.

MOEF, 2006. Report of the National Forest Commission. Ministry of Environment
and Forests, Government of India, New Delhi 421 pp.
MOEF, 2009. Asia-Pacific Forestry Sector Outlook Study II: India Country Report.
Working Paper No. APFSOS II/WP/2009/06. FAO, Bangkok pp. 78.

MOEF, 2011. Report to the People on Environment and Forests 2010–11. Ministry of
Environment and Forests, Government of India.

Montali, R.J., Mikota, S.K., Cheng, L.I., 2001. Mycobacterium tuberculosis in zoo and
wildlife species. Rev. Sci. Tech. Off. Int. Epiz. 20, 291–303.

Nadin-Davis, S.A., Turner, G., Paul, J.P.V., Madhusudana, 2007. Emergence of arctic-
like rabies lineage in India. Emerg. Infect. Dis. 13, 111–116.

Nagarajan, S., Tosh, C., Murugkar, H.V., Venkatesh, G., Katare, M., Jain, R., Behera, P.,
Khandia, R., Tripathi, S., Kulkarni, D.D., Dube, S.C., 2010. Isolation and molecular
characterization of a H5N1 virus isolated from a Jungle crow (Corvus
macrohynchos) in India. Virus Genes 41, 30–36.

Niraj, S.K., Krausman, P.R., Dayal, V., 2012. A stakeholder perspective into wildlife
policy in India. J. Wildlife Manage. 76, 10–18.

Office International des Epizooties (OIE), 2006. Economic analysis: prevention
versus outbreak costs. http://www.oie.int.

Office International des Epizooties (OIE), 2012. OIE immediate notification report:
report reference-OIE: 11590. https://web.oie.int/wahis/reports/
en_imm_0000011590_20120207_122823.pdf.

Pande, S., Dahanukar, N., 2011. The diet of Indian eagle owl Bubo bengalensis and its
agronomic significance. J. Threat. Taxa 3, 2011–2017.

Patel, A.K., Patel, K.K., Mehta, M., Parikh, T.M., Toshniwal, H., Patel, K., 2011. First
Crimean-Congo hemorrhagic fever outbreak in India. J. Assoc. Phys. India 59,
586–589.

Pattnaik, P., 2006. Kyasanur forest disease: an epidemiological view in India. Rev.
Med. Virol. 16, 151–165 doi:http://dx.doi.org/10.1002/rmv.495.

Pearson, J., Salman, M.D., BenJabara, K., Brown, C., Formenty, P., Griot, C., James, A.,
Jemmi, T., King, L., Lautner, E., McCluskey, B.J., Meslin, F.X., Ragan, V., 2005.
Global risks of infectious animal diseases. Counc. Agric. Sci. Tech. Issue Paper
No. 28.

Paul, S.D., Rajagopalan, P.K., Sreenivasan, M.A., 1970. Isolation of the West Nile virus
from the frugivorous bat, Rousettus leschenaulti. Indian J. Med. Res. 58, 1169–
1171.

Pawar, S., Chakrabarti, A., Cherian, S., Pande, S., Nanaware, M., Raut, S., Pal, B., Jadhav,
S., Kode, S., Koratkar, S., Thite, V., Mishra, A., 2010. An avian influenza A(H11N1)
virus from a wild aquatic bird revealing a unique Eurasian-American genetic
reassortment. Virus Genes 41, 14–22.

Pawar, S.D., Pande, S.A., Jamgaonkar, A., Koratkar, S.S., Pal, B., Raut, S., Nanaware, M.,
Ray, K., Chakrabarti, A.K., Kode, S.S., Thite, V., Khude, M.R., Randive, S., Basu, A.,
Pawashe, A., Ponkshe, A., Pandit, P., Deshpande, P., 2009. Avian influenza
surveillance in wild migratory, resident, domestic birds and in poultry in
Maharashtra and Manipur, India, during avian migratory season 2006–2007.
Curr. Sci. 97, 550–554.

Priya, C.G., Hoogendijk, K.T., Berg, M., Rathinam, S.R., Ahmed, A., Muthukkaruppan,
V.R., Hartskeerl, R.A., 2007. Field rats form a major infection source of
leptospirosis in and around Madurai. Indian J. Postgrad. Med. 53, 236–240.

Priya, P.M., Mini, M., Rameshkumar, P., Jayesh, V., 2009. A case of anthrax in wild
elephant from the Western Ghats region of Kerala, India. J. Threat. Taxa 1, 192–
193.

Rahman, H., Deka, P.J., Chakraborty, A., Narayan, G., 2005. Salmonellosis in pigmy
hogs (Sus salvanius)–a critically endangered species of mammal. Rev. Sci. Tech.
Off. Int. Epiz. 24, 959–964.

Rai, B.N., Chandrashekhran, K.P., 1958. A case of tuberculosis in a Giraffe (Giraffe
camelopardalis). Indian Vet. J. 35, 221–224.

Ramesh, D.A., Ramachandran, S., 2005. Factors influencing flamingo (Phoenicopterus
roseuis) distribution in the Pulicat lagoon ecosystem, India. Wetlands Ecol.
Manage. 13, 69–72.

Rao, V.A., Pravin, T., Parija, S.C., 1999. Intracameral gnathostomiasis: a first case
report from Pondicherry. J. Comm. Dis. 31, 197–198.

Rathore, B.S., Khehra, S.S., 1981. Causes of mortality in swines in free living state and
captivity in India. Indian Vet. J. 58, 271–276.

Rodrigues, F.M., Guttikar, S.N., Pinto, B.D., 1981. Prevalence of antibodies to Japanese
encephalitis and West Nile viruses among wild birds in the Krishna-Godavari
Delta, Andhra Pradesh, India. Trans. R. Soc. Trop. Med. Hyg. 75, 258–262.

Roy, P., Venugopalan, A.T., Selvarangam, R., Ramaswamy, V., 1998. Velogenic
Newcastle disease virus in captive wild birds. Trop. Anim. Health Prod. 30, 299–
303.

Rozario, M., 2008. Rabies in India. Can. Med. Assoc. J. 178, 564–566.
Samantaray, S., Topno, R.K., 2006. Gnathostomiasis: an emerging parasitic zoonosis.

Intas. Polivet. 7, 473–479.
Sarkar, J.K., Chatterjee, S.N., 1962. Survey of antibodies against arthropod-borne

viruses in the human sera collected from Calcutta and other areas of West
Bengal. Ind. J. Med. Res. 50, 833–841.

Satpute, A., Ingle, S., Kalorey, D.R., Sonegaonkar, A., Suhasinim, Z., Nagdivem, A.,
Katwatem, S.R., 2010. Serotyping and antibiogram of E. coli isolates from
endangered wild captive animals. Indian J. Field Vet. 5, 27–28.

Schmaljohn, C., Hjelle, B., 1997. Hantaviruses: a global disease problem. Emerg.
Infect. Dis. 3, 95–104.

Sehgal, S., Bhatia, R., 1990. Zoonoses in India. J. Commun. Dis. 22, 227–235.
Sethi, B., Butola, K.S., Kumar, Y., Mishra, J.P., 2012. Multiple outbreaks of

trichinellosis with high mortality rate. Trop. Doctor 1–3.
Sethi, M.S., Sharma, V.D., Singh, S.P., 1980. The occurrence of salmonellae in zoo

animals in Uttar Pradesh and Delhi (India). Int. J. Zoonoses 7, 15–18.
Sharma, S., Vijayachari, P., Sugunan, A.P., Natarajaseenivasan, K., Sehgal, S.C., 2006.

Seroprevalence of leptospirosis among high-risk population of Andaman
Islands, India. Am. J. Trop. Med. Hyg. 74, 278–283.

http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0315
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0315
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0315
http://dx.doi.org/10.1016/j.actatropica.2014.06.009
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0320
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0320
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0325
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0325
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0325
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0325
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0330
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0330
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0330
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0335
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0335
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0335
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0340
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0340
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0340
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0340
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0345
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0345
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0350
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0350
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0350
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0355
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0355
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0355
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0360
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0360
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0360
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0365
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0365
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0370
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0370
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0370
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0375
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0380
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0380
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0380
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0385
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0385
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0390
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0390
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0395
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0395
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0400
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0400
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0405
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0405
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0410
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0410
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0410
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0410
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0415
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0415
http://www.oie.int
http://https://web.oie.int/wahis/reports/en_imm_0000011590_20120207_122823.pdf
http://https://web.oie.int/wahis/reports/en_imm_0000011590_20120207_122823.pdf
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0430
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0430
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0435
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0435
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0435
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0440
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0440
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0445
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0445
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0445
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0445
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0450
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0450
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0450
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0455
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0455
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0455
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0455
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0460
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0460
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0460
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0460
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0460
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0460
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0465
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0465
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0465
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0470
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0470
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0470
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0475
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0475
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0475
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0480
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0480
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0485
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0485
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0485
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0490
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0490
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0495
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0495
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0500
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0500
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0500
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0505
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0505
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0505
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0510
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0515
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0515
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0520
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0520
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0520
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0525
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0525
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0525
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0530
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0530
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0535
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0540
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0540
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0545
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0545
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0550
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0550
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0550


B.B. Singh, A.A. Gajadhar / Acta Tropica 138 (2014) 67–77 77
Shetty, M., Menezes, R.G., Kanchan, T., Kumar, S.B., Shetty, M.D., Chauhan, A., 2008.
Fatal craniocerebral injury from wild boar attack. Wilderness Environ. Med. 19,
222–223.

Shrikhande, G.B., Satpute, A.K., Zanzad, S.S., Maske, D.K., 2008. Helminth parasites in
captive wild animals of Rajiv Gandhi Zoological Park. Vet. World 1, 207.

Singh, B.B., Dhand, N.K., Ghatak, S., Gill, J.P.S., 2014. Economic losses due to cystic
echinococcosis in India: need for urgent action to control the disease. Prev. Vet.
Med. 113, 1–12.

Singh, B.B., Sharma, R., Gill, J.P.S., Aulakh, R.S., Banga, H.S., 2011. Climate change,
zoonoses and India. Rev. Sci. Tech. Off. Int. Epiz. 30, 779–788.

Singh, B.B., Sharma, R., Sharma, J.K., Juyal, P.D., 2010. Parasitic zoonoses in India: an
overview. Rev. Sci. Tech. Off. Int. Epiz. 29, 629–637.

Singh, N., Mishra, J., Singh, R., Singh, S., 2013. Animal reservoirs of visceral
leishmaniasis in Bihar. Indian J. Parasitol. 99 (1), 64–67.

Singh, P., Singla, L.D., Gupta, M.P., Sharma, S., Sharma, D.R., 2009. Epidemiology and
chemotherapy of parasitic infections in wild omnivores in the Mahendra
Choudhary Zoological Park, Chhat Bir Punjab. J. Threat. Taxa 1, 62–64.

Smith, C.S., Daszak, P., McLaughlin, A.B., Meehan, G., Field, H.E., Cunningham, A.A.,
2008. Henipavirus infection in fruit bats (Pteropus giganteus), India. Emerg.
Infect. Dis. 14, 1309–1311.

Soman, R.S., Rodrigues, F.M., Guttikar, S.N., Guru, P.Y., 1977. Experimental viraemia
and transmission of Japanese encephalitis virus by mosquitoes in ardeid birds.
Indian J. Med. Res. 66, 709–718.

Song, J.W., Baek, L.J., Schmaljohn, C.S., Yanagihara, R., 2007. Thottapalayam virus, a
prototype shrewborne hantavirus. Emerg. Infect. Dis. 13, 980–985.

Sreenivasan, M.A., Bhat, H.R., Rajagopalan, P.K., 1986. The epizootics of Kyasanur
forest disease in wild monkeys during 1964 to 1973. Trans. R. Soc. Trop. Med.
Hyg. 80, 810–814.

Srivastava, L., Sehgal, S., Thukral, S.S., Kumari, S., Rajagopal, R., 1984. Prevalence of
various Salmonella serotypes in the wild rodents of South India. J. Commun. Dis.
16, 219–222.

Sturm-Ramirez, K.M., Hulse-Post, D.J., Govorkova, E.A., Humberd, J., Seiler, P.,
Puthavathana, P., Buranathai, C., Nguyen, T.D., Chaisingh, A., Long, H.T.,
Naipospos, T.S., Chen, H., Ellis, T.M., Guan, Y., Peiris, J.S., Webster, R.G., 2005.
Are ducks contributing to the endemicity of highly pathogenic H5N1 influenza
virus in Asia? J. Virol. 79, 1269–1279.

Sudarshan, M.K., Madhusudana, S.N., Mahendra, B.J., Rao, N.S.N., Ashwath Nurayana,
D.H., Abdul Raman, S., Meslin, F.X., Lobo, D., Ravikumar, K., Gangaboraiah, 2007.
Assessing the burden of human rabies in India: results of a national multi-center
epidemiological survey. Int. J. Infect. Dis. 11, 29–35.

Suja, M.S., Mahadevan, A., Sundaram, C., Mani, J., Sagar, B.C., Hemachudha, T., 2004.
Rabies encephalitis following fox bite—histological and immunohistochemical
evaluation of lesions caused by virus. Clin. Neuropathol. 23, 271–276.

Tanwar, R.K., Singh, A.P., Kachawa, S., Mali, M.M., 2001. Tuberculosis in a spotted
deer (Axis axis). Intas Polivet 2, 249–250.

Taylor, D., 1997. Seeing the forests for more than the trees. Environ. Health Perspect.
105, 1186–1191.

Thomassen, J., Linnell, J., Skogen, K., 2011. Wildlife-Human Interactions: From
Conflict to Coexistence in Sustainable Landscapes. Final Report From a Joint
Indo-Norwegian Project 2007–2011. NINA Report 736 83 pp.

Théodoridès, J., 1986. Histoire de la rage. Cave Canem. Masson, Paris, pp. 289 121.
Thompson, R.C.A., Murrell, K.D., 2005. Parasitic zoonoses–emerging issues,

thematic issue. Int. J. Parasitol. 35, 1153–1332.
Thompson, R.C.A., Kutz, S.J., Smith, A., 2009. Parasite zoonoses and wildlife:

emerging issues. Int. J. Environ. Res. Public Health 6, 678–693.
Tirumurugaan, K.G., Kapgate, S., Vinupriya, M.K., Vijayarani, K., Kumanan, K., 2011.

Genotypic and pathotypic characterization of newcastle disease viruses from
India. PLoS One 6 (12), e28414 doi:http://dx.doi.org/10.1371/journal.
pone.0028414.
Valandikar, S.C., Raju, R., 1996. Pulmonary tuberculosis in black rhinoceros (Diceros
bicornis) in Mysore zoo. Zoo’s Print 16–17.

Vanak, A.T., Gompper, M.E., 2009. Dietary niche separation between sympatric free-
ranging domestic dogs and Indian foxes in central India. J. Mammal. 90, 1058–
1065.

Varadharajan, A., Kandasamy, A., 2000. A survey of gastro-intestinal parasites of
wild animals in captivity in the V.O.C. Park and Mini Zoo Coimbatore. Zoo's Print
15, 257–258.

Vardharajan, A., Pythal, C., 1999. A preliminary investigation on the parasites of
wild animals at the Thrivinanthrum, Kerala. Zoo’s Print 3 (12), 159–
164.

Varma, M.G.R., 2001. Kyasanur forest disease. In: Service, M.W. (Ed.), The
Encyclopedia of Arthropod-Transmitted Infections. CABI Publishing, New York,
pp. 254–260.

Vathsala, M., Swathika, M.C., Jayathangaraj, M.G., Romathinayagam, S., Ramesh, S.,
Basith, S., Abdul, 2007. Diagnosis of bovine tuberculosis in wild animals by
polymerase chain reaction. Ind. J. Anim. Res. 41, 282–285.

Victoriano, A.F.B., Smythe, L.D., Barzaga, N.G., Cavinta, L.L., Kasai, T., Limpakarnja-
narat, Ong, B.L., Gongal, G., Hall, J., Coulombe, A., Yanagihara, Y., Yoshida, S.,
Adler, B., 2009. Leptospirosis in the Asia Pacific region. Br. Med. Counc. Infect.
Dis. 9, 147.

Weeks, P., Mehta, S., 2004. Managing people and landscapes: ICUN protected areas
categories. J. Human. Eco. 16, 253–263.

Wilde, H., 2005. Fox rabies in India. Clin. Infect. Dis. 40, 614–615.
Williams, M., 2002. Deforesting the Earth: From Prehistory to Global Crisis.

University of Chicago Press, Chicago, USA.
Wolfe, N.D., Daszak, P., Kilpatrick, Burke, D.S., 2005. Bushmeat Hunting,

deforestation, and prediction of zoonotic disease emergence. Emerg. Infect.
Dis. 11, 1822–1827.

Woolhouse, M.E., Gowtage-Sequeria, S., 2005. Host range and emerging and
reemerging pathogens. Emerg. Infect. Dis. 11, 1842–1847.

Work, T.H., Trapido, H., 1957. Kyasanur forest disease, a new virus disease in India.
Indian J. Med. Sci. 11, 341.

World Bank, 2006. India: Unlocking Opportunities for Forest Dependent People in
India. Report No. 34481-IN. World Bank: South Asia Region 85 pp.

World Health Organization (WHO), 2002. Plague surveillance and outbreak
response Report of an Informal Inter country Consultation Bangalore,
India. World Health Organization Regional Office for South-East Asia,
New Delhi.

World Health Organization (WHO), 2003. Consensus document on the epidemiol-
ogy of severe acute respiratory syndrome (SARS). Department of Communicable
Disease Surveillance and Response, produced by the Severe Acute Respiratory
Syndrome (SARS) Epidemiology Working Group and the participants at the
Global Meeting on the Epidemiology of SARS, 16–17.

World Health Organization (WHO), 2006. Report of the Brainstorming Meeting on
leptospirosis Prevention and Control. WHO India and Regional Medical
Research Centre, WHO Collaborating Centre for Diagnosis, Research, Reference
and Training in Leptospirosis, Mumbai, 16–17, February 2006.

World Health Organisation, Food and Agricultural Organisation of the United
Nations, and World organization for animal health (WHO/FAO/OIE), 2004.
Report of the WHO/FAO/OIE joint consultation of emerging zoonotic diseases.
Available at whqlibdoc.who.int/hq/2004/who_cds_cpe_zfk_2004.9.pdf.

Wrangham, R.W., Jones, J.H., Laden, G., Pilbeam, D., Conklin-Britain, N.L., 1999. The
raw and the stolen: cooking and the ecology of human origins. Curr. Anthropol.
40, 567–594.

Yadav, P.D., Raut, C.G., Shete, A.M., Mishra, A.C., Towner, J.S., Nichol, S.T., Mourya, D.
T., 2012. Detection of Nipah virus RNA in fruit bat (Pteropus giganteus) from
India. Am. J. Trop. Med. Hyg. 87 (3), 576–578.

http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0555
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0555
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0555
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0560
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0560
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0565
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0565
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0565
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0570
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0570
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0575
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0575
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0580
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0580
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0585
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0585
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0585
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0590
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0590
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0590
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0595
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0595
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0595
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0600
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0600
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0605
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0605
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0605
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0610
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0610
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0610
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0615
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0615
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0615
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0615
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0615
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0620
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0620
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0620
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0620
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0625
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0625
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0625
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0630
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0630
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0635
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0635
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0640
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0640
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0640
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0645
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0650
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0650
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0655
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0655
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0660
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0660
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0660
http://dx.doi.org/10.1016/j.actatropica.2014.06.009
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0665
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0665
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0670
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0670
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0670
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0675
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0675
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0675
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0680
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0680
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0680
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0685
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0685
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0685
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0690
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0690
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0690
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0695
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0695
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0695
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0695
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0700
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0700
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0705
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0710
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0710
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0715
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0715
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0715
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0720
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0720
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0725
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0725
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0730
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0730
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0735
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0735
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0735
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0735
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0745
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0745
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0745
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0745
http://whqlibdoc.who.int/hq/2004/who_cds_cpe_zfk_2004.9.pdf
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0755
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0755
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0755
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0760
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0760
http://refhub.elsevier.com/S0001-706X(14)00206-X/sbref0760

	Role of India´s wildlife in the emergence and re-emergence of zoonotic pathogens, risk factors and public health implications
	1 Introduction
	2 Wildlife in India
	3 Pathogens in Indian wildlife
	3.1 Viral pathogens
	3.2 Bacterial pathogens
	3.3 Parasitic pathogens
	3.4 Fungal pathogens

	4 Factors influencing interactions at wildlife-human/livestock interface
	4.1 Deforestation, expanding human and livestock population and habitat sharing
	4.2 Human-wildlife conflicts
	4.3 Illegal hunting and consumption of bush meat
	4.4 Climate change
	4.5 Other factors influencing interactions at wildlife-human/livestock interface

	5 Negative effects on wildlife
	6 Public health implications
	7 Conclusions
	Acknowledgements
	References


