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Zoonoses are diseases and infections that are naturally
transmitted between vertebrate animals and man (Beran
1994, Hubalek 2003). These diseases create very serious
public health concern throughout the world (Lipton et al.
2008). Approximately, 61% of the emerging infectious
diseases are caused by zoonotic pathogens and create
significant burden on global economics and public health
(Jones et al. 2008). Zoonotic diseases pose a genuine threat
to health and survival of people, livestock and companion
animals. This is enhanced by the constant and inevitable
interaction that occurs between humans and animals
(Anonymous 2005).

The livestock segment in India contributed, over 3.64%
to the total gross domestic product (GDP) during the year
2010–11 (Anonymous 2012). About 74% of the Indian
population lives in villages and its 70% depends on
agriculture and live in close contact with domestic and wild
animals (Anonymous 2006). This close proximity, along
with unhygienic living conditions and poverty, provides a
very conducive environment for the spread of zoonotic
diseases (Mantur et al. 2008).

The main factors for perpetuation of zoonoses in India
are: (a) the close association between human and animal
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ABSTRACT

This study illustrates the method of ranking the most important zoonotic diseases in India based on composite
index method. Every reported zoonotic disease in India was ascertained a composite index, based on 7 indices or
factors as follows: Incidence and prevalence of the disease in human and in animal populations, severity of the
adverse health effects in humans, trends and distribution of the zoonotic disease in human and in animal populations,
the economic loss in production and the negative impact on trade and industry. Based on these composite indices,
the most important zoonotic diseases in India were identified and ranked accordingly. The 8 most important identified
zoonoses ranked in the order of descending impact are: rabies, highly pathogenic avian influenza, anthrax, brucellosis,
leptospirosis, bovine tuberculosis, Japanese encephalitis and porcine cysticercosis. Ranking based on the composite
index method is highly useful in identifying the impacts of zoonotic diseases in diverse contexts. This will improve
the decision making among planners at national and international levels, for better utilization and prioritization of
available resources for the control and eradication of these diseases.
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population, (b) consumption of unpasteurized milk and dairy
products, (c) large number of stray dogs, (d) illegal
slaughtering and inappropriate waste disposal, (e) illegal
trade of animals and animal products (Sherikhar et al. 2005).
Transboundary human migration and travel also contribute
to the emergence and spread of zoonotic diseases in India
(Mavroidi 2008).

Zoonotic diseases hamper efficient production in food-
animals and generate obstacles for trade of animals and
animal products, both at a national and international level
and have significant negative impact on public health and
very deleterious effect on trade and industry, leading to
severe socio-economic consequences (Anonymous 2008,
Bhasin 2009, Jones et al. 2008, Sherikhar and Waskar 2005).
There is a cluster of neglected zoonotic diseases that exists
in developing countries which affects the poor and the
marginalized population, and plays a key role in
perpetuating poverty. Overall, most of these diseases neither
attract appropriate amounts of health resources nor adequate
measures of control due to their unknown status and impact
(Anonymous 2005).

The two major factors that contribute to failure to control
of zoonotic diseases are: the lack of quantitative data on its
true impact, and the cost effectiveness of the programmes
designed to control them (Coleman et al. 2004, Singh et al.
2008). These deficiencies impair the setting up of priorities
for the control of these diseases by decision makers at the
local, national and international level (Anonymous 2005,
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Mathers et al. 2007). The objective of this study was to
identify and rank the most important zoonotic diseases in
India using a Composite Index (CI) method. This method
of scoring was based on the trends and distribution of each
disease and their adverse effects on human health, economy,
trade and industry.

MATERIALS AND METHODS

The data available from the online resources of World
Health Organization (WHO), World Animal Health
Organization (OIE), United Nations Commodity Trade
Statistics Database and other related resources were
primarily used for collecting the basic information for this
study.

The data on diseases of animals in India from 2005 to
2011 were collected from online resources of WHO and
OIE. These details were weighed against the reports of
zoonoses in humans during the same period. Using this
information, a primary list of 22 zoonotic diseases prevalent
in the country were identified : Japanese encephalitis,
leptospirosis, rabies, anthrax, bovine tuberculosis, porcine
cysticercosis, leishmaniosis, listeriosis, toxoplasmosis,
salmonellosis, tularaemia, highly pathogenic avian
influenza, glanders, Rift Valley fever, echinococcosis,
trichenellosis, screw worm disease, Venezuelan equine
encephalitis, avian chlamydiosis, swine erysipelas, bovine
cysticercosis, and brucellosis. These diseases were then
ranked considering 7 factors, using composite indices which
were relevant and accountable for their impact.

The scoring for each disease was done, considering 7
factors, pertinent in Indian context. The following 7 factors
or the impact these cause were considered and a score or
index was ascertained to each: Incidence and prevalence in
humans, incidence and prevalence in animal population,
morbidity and mortality in humans, morbidity and mortality
in animals, adverse health effects in humans, economic
impacts, and the effects on trade and industry.

Each factor was considered for every disease and a score
was assigned based on the impact. The degrees of impact
were considered and a score in the range of 1 to 5 was
assigned to each of the 7 factors. All the individual indices
for a particular disease were added up finally, to obtain a
final score or composite index (CI) and the zoonotic diseases
were ranked based on the CI. The maximum possible score
for each disease was 35, considering all 7 factors. However,
for the ease of illustration, a cut-off mark of 14 was
considered to include all the imperative diseases and hence,
zoonotic diseases with a CI of 14 and above were only
considered for short listing.

The scoring for each entity was done, considering a
variety of factors that are prevalent in the country. A few of
the factors that were considered for assigning a score to a
particular factor, are mentioned below for illustrative
purpose:

Incidence and prevalence in human population: The
reported outbreaks from 1996 to 2011 (15 year prevalence
rate) were considered to estimate numbers of cases in

humans for calculating the degree of impact of incidence
or prevalence. A score of 1 to 5, was assigned as per the
absolute number of reported cases per 100,000 head of
population in humans as < 10; > 10 < 100; > 100 < 2000;
<2000 < 20000; and > 20000, respectively. In addition, a
qualitative assessment based on the case fatality and
underreporting were considered for assessment, depending
on the context.

Incidence and prevalence in animal population: As
above, indexing was done considering these factors in
animal population.

Morbidity and mortality in humans: The morbidity and
the case mortality rate for each disease in humans were
scored. The risk factors, conditions perpetuating the disease
in the Indian subcontinent, control measures in place,
surveillance and underreporting were also accounted for
when scoring. A score of 1 to 5, was assigned as per the
reported mortality and the morbidity in humans as > 10; >
10 > 100; > 100 > 200; > 200 > 1000; and > 1000, per
100,000 head of population in humans, respectively.

Morbidity and mortality in animals: As above, indexing
was done considering the same factors in animal population.

Adverse health effects in humans: The adverse health
effect of a particular disease was calculated based on
disability adjusted life years (DALY), health implications
and consequences, the outcome of the disease and its effects
on other diseases and health conditions. The social attributes
of the diseases were evaluated along with the socio-
economic adversities (Coleman 2002). Considering all these
factors, the adverse effects were assessed qualitatively as –
‘null effect’, ‘very low’, ‘low’, ‘high’ and ‘very high’ and a
score of 1 to 5 were assigned, respectively.

Economic impacts: The economic outcomes were
quantified based on the impact on animal productivity,
reduction in product quality, waste of input for animal
production and the depressing animal welfare effects.
Likewise, cost of treatment in humans and animals, lost of
work days, costs of disease prevention and control in animal
as well as human population were also assessed
(Anonymous 2004, Coleman 2002). In addition to these
factors, the depressing values of output to GDP due to
each disease were considered to assign an index of 1 to 5
(Table 1) depending on the economic impact.

Effects on trade and industry: The impact of trade
restrictions due to a particular zoonotic pathogen on animal
industry, environment, tourism and rural livelihood were
determined. The United Nations Commodity Trade

Table 1. Scoring pattern of economic impacts of a
particular disease

Score Total loss assessed in US$

1 <1 million
2 > 1 million but < 2 million
3 > 2 million but < 3 million
4 > 3 million but < 4 million
5 > 4 million
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Statistics Database (COMTRADE) was also compared to
account for the effects. Along with this, the direct economic
losses to the industry were also assessed for measuring the
effects of particular zoonoses on trade and industry. A score
of 1 to 5 was ascertained as in Table 2, based on this
estimation from available data.

RESULTS AND DISCUSSION

Zoonotic diseases (22) that were relevant in Indian
context were identified based on available data. These were
ranked based on the CI and the 8 most important zoonotic
diseases were selected for illustrating the scoring method
(Table 3). They were ranked according to their importance
and are in the order: rabies, HPAI, anthrax, brucellosis,
leptospirosis, bovine tuberculosis, Japanese encephalitis and
porcine cysticercosis. The method of composite index
adopted for this study, was very flexible and appropriate
for taking decisions on national level policy making issues
(Anonymous 2007, Anonymous 2002).

This ranking based on CI helps in identifying the diseases
of utmost importance. The individual index for each aspect
of the disease helps in identifying the most important impact
factor for a particular disease. This helps in prioritizing
policies for reducing the specific impact of the disease to
lessen the burden on population. In addition, the composite
index as well as individual index for a particular aspect of
the disease can be evaluated from time to time, to ascertain
the efficacy of the disease control programmes.

The 8 most important zoonotic diseases identified are
discussed below, with the disease status, causative agent or
agents, host population, risk factors, and other relevant
information, which were considered for ranking.

Rabies: Rabies is one of the earliest recognized, deadliest
and the most important zoonotic disease in India
(Anonymous 2008,Traub et al. 2005).The causative agent
is rabies virus under genus lyssavirus of the family
rhabdoviridae (Beran 1994). Rabies is primarily a disease
of terrestrial and air-borne mammals and dogs are the main
reservoir in India (Anonymous 2008). Humans contract this
fatal encephalitis by bites, licks or scratches from rabid
animals (Sudharshan et al. 2007).

Approximately, 25 million dogs are present in India, with
an approximate dog to human ratio of 1:36. Every year,
around 15 million people are bitten, mainly by dogs. It is
estimated that the annual human death toll due to rabies is
25,000–30,000. Since 1985 stray dogs are estimated to be
responsible for 95% of human deaths due to rabies
(Anonymous 2008, Sudharshan et al. 2007). Several studies
revealed that 96% of at-the-risk population in Asian
countries including India, belongs to the lower
socioeconomic category (Dodet et al. 2008).

An estimated US $25 million is expended on post bite
treatment annually and 38 million person days are lost every
year due to animal bites in India (Anonymous 2008,
Goswami et al. 2005). The severity of the impact of this
disease makes it, the one of prime importance.

Highly pathogenic avian influenza: The highly
pathogenic avian influenza (HPAI) is a major panzootic in
poultry and continues to spread and pose a major challenge
to animal and human health (Peiris et al. 2007). This disease,
directly or indirectly impacts both economic and social well
being in developing countries, taking a huge toll on the
poultry industry and has become a serious menace in recent
years (Adhikari et al. 2009).

HPAI is caused by the highly pathogenic strain H5N1,
which is a subtype of the Influenza A virus of the family
Orthomyxoviridae (Adhikari et al. 2009). The main source
of human infection is live poultry markets, where affected
chickens, ducks, geese, and other poultry species are sold
(Peiris et al. 2007). Direct handling of infected birds,
slaughter and preparation of sick poultry for food,
consumption of uncooked poultry products and close
contact with live birds are the major risk factors for
transmission of the disease. Even though, HPAI is primarily

Table 2. Scoring pattern of effects on trade and industry
of a particular disease

Score Total loss assessed in US$

1 < 2 billion
2 > 2 billion but < 4 billion
3 > 4 billion but < 6 billion
4 > 6 billion but < 8 billion
5 > 8 billion

Table 3. Ranking the most important zoonotic diseases in india based on composite index

Scores/indices based on the impact caused by the disease

Disease Incidence/ Incidence/ Adverse Mortality Mortality Economic Effects on Total
prevalence prevalence  health and morbidity and effects trade and (CI)
in animals in humans effects in in humans morbidity industry

humans in animals

Rabies 5 4 5 4 4 5 2 29
HPAI 3 2 3 4 4 5 5 26
Anthrax 3 2 4 3 4 4 5 25
Brucellosis 4 3 4 2 3 4 5 25
Leptospirosis 4 3 4 3 4 3 2 23
Bovine tuberculosis 3 2 2 3 3 4 3 20
Japanese encephalitis 2 3 4 4 1 2 2 18
Porcine cysticercosis 1 2 4 2 1 2 2 14
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an infection of avian species, the infection had extended its
host range to several mammalian species (Smallman-
Raynor et al. 2008).

Approximately, 128,044 birds died of the disease and
5,693,262 birds were destroyed in India up to 2008 (OIE
2012).The public health risk was significant enough with
potential for huge loss of life and adverse socioeconomic
consequences (Chakraborti 2009). Influenza caused by this
agent has a case fatality rate of 54% in humans (Lahariya
et al. 2006). The economic impact due to loss from trade
and travel has had a severe effect in developing countries
(Lahariya et al. 2006, Moore et al. 2006). The economic
loss to the Indian poultry industry which employs around 3
million farmers, is enormous. The Asian Development Bank
predicted a total loss of 1.8–5.8 percentage points of GDP
due to avian influenza in the country (Lahariya et al. 2006).

Anthrax: Anthrax is an endemic disease of tropical and
subtropical areas of India. The causative organism is a Gram
positive, spore-forming bacteria, Bacillus anthracis. Among
herbivores, cattle, sheep, goats, bison, deer, etc. are more
susceptible to the disease, whereas, pigs and carnivores are
less susceptible (Beran 1994). Humans get infected by direct
contact with infected animals, by occupational exposure,
through ingestion of meat from infected animals or by
contact with contaminated soils. The incidence of the
disease is not known accurately due to under-reporting and
to the fact that only a fraction of the cases receive medical
attention (Thappa et al. 2002). There are reports of 411
outbreaks in India between 2005 and 2008 with 2,722 cases
and 2,176 deaths in the livestock population (OIE 2012).
The cutaneous form of anthrax accounts for 95% of the
infection (Thappa et al. 2001).

Brucellosis: Brucellosis is a common zoonotic disease
in India, which is often neglected (Mantur and Amarnath
2008). Brucella melitensis and Brucella abortus are the most
virulent and common species found in India (Renukaradhya
et al. 2002). The disease is transmitted to humans by animal
contact and through the consumption of milk and meat.
Cattle, sheep, goat, pigs, yaks, camels and dogs transmit
the disease to humans through different routes (Smith et al.
2005).

Increased and unrestricted national and international
trading, rapid movement of animals, free grazing, mixing
of different animal species and natural mating are the most
important contributing factors for the spread and
maintenance of brucellosis in animal population
(Renukaradhya et al. 2002). Bovine brucellosis has
increased in recent times and is more of an occupational
hazard, and serological evidences suggest a high endemicity
of this disease in India (Manish et al. 2013).

Proper reporting of the disease will facilitate prioritizing
the control measures like vaccination and restricted
movement of infected or suspected animals (Smith and
Kadri 2005).

Leptospirosis: Due to the epidemic proportions and the
increasing incidence of the disease, leptospirosis is
recognized as an important emerging public health problem

in India (Sambasiva et al. 2003,Vijayachari et al. 2008). It
is now considered as an endemic disease in India and is a
major health problem (Pappas et al. 2008). Farming is the
main occupation of the general population in India and is
the main risk factor for acquiring leptospiral infection
(Gangadhar et al. 2008).

It is an acute bacterial infection caused by spirochaetes
of the genus Leptospira. Domestic and wild animals are
the maintenance host for Leptospires. Direct or indirect
contact with infected animal urine is the main vehicle for
human infection (Beran 1994, Victoriano et al. 2009,
Vijayachari et al. 2008). Rodents and domestic mammals
like cattle, pigs and dogs are the major reservoir hosts in
India (Victoriano et al. 2009). The disease shows a
seroprevalance of up to 55% in the general population
during October to November, every year and is more
commonly associated with natural disasters with resulting
acute epidemics (Victoriano et al. 2009). From the 3,526
human cases reported to OIE in the year 2008, 259 cases
were fatal and the case fatality rate was 7.34%.

Bovine tuberculosis: Tuberculosis is the most frequently
reported opportunistic disease associated with
immunosuppressive infections (HIV), in the developing
world (Beran 1994, Collins 2006, Cosivi et al. 1998).
Zoonotic tuberculosis is a major risk in rural areas, where
humans and domesticated animals share a common
environment (Moda et al. 1996, Prasad et al. 2005). The
incidence and mortality estimates are very high in countries
with a similar environment to India (Cosivi et al. 1998,
Michel et al. 2010).

Mycobacterium bovis of the M. tuberculosis complex
cause tuberculosis mainly in cattle and other animals.
Humans get infection primarily from bovine species and
from other animals kept for milk and meat production
(goats, buffalo and sheep (Moda et al. 1996)). Consumption
of milk and milk products from infected animals and aerosol
transmission are the main route of infection in humans
(Grange et al. 1994, Prasad et al. 2005, Michel et al. 2010).

India accounts for nearly 30% of the global burden of
human tuberculosis (Chakraborty 2004, Gopi et al. 2005).
The data on prevalence of human disease due to M. bovis
infection are limited in developing countries like India.
Cosivi et al. (1998) estimated the proportion of human cases
due to Mycobacterium bovis as 3.1%, for all forms of
tuberculosis. This is mainly due to the technical field level
inabilities in identifying and differentiating the species and
also due to the fact that tuberculosis is not a notifiable
disease in India (Moda et al. 1996, Chakraborty 2004).

Japanese encephalitis: Japanese encephalitis (JE) is the
most important epidemic and sporadic encephalitis in the
tropical regions of Asia (Beran 1994). It is a major problem
of pediatric concern and epidemics are reported from
different parts of India (Saxena et al. 2008). The estimated
global burden was 709,000 DALY lost in 2003
(Arunachalam et al. 2008). The annual estimate of JE cases
around the globe is 50,000 with10,000 deaths (Parida et al.
2006).
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Insufficient laboratory diagnostic facilities, and lack of
awareness of these diseases among public and health
professionals, exacerbates the problem. Relatively few data
exist to illustrate the socioeconomic impact of neglected
zoonotic diseases (Anonymous 2007). The ranking of
important zoonotic diseases based on CI will greatly assist
decision makers at the national and international level, when
prioritizing the allocation of available resources. The
ranking and evaluation of the impact and consequences of
zoonoses using CI will facilitate making better decisions
and preeminent usage of available resources for its control
and eradication (Coleman et al. 2004). In addition, the CI
can be used as a specific tool for evaluating the effectiveness
of the eradication and control programmes from, time to
time. The advantage of CI over other methods of ranking is
that a factor of interest can be added to this composite index
and find the overall impact of the diseases. It also helps in
using the individual index to determine the impact of a
particular factor of interest. CI also facilitates in adding
weightage to a particular index. These diverse outputs make
the composite index method, a better option for ranking
zoonotic diseases.
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