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ABSTRACT
Transboundary animal diseases (TADs) are a serious threat to food security and human health. North-East India shares international
borders with five countries that include China, Bangladesh, Myanmar, Nepal and Bhutan. Geographical locations and climatic conditions
of North East India with respect to other parts of India are different. Although this part of the country is well known for its natural beauty,
customs and unique cultures but the porous international borders made it highly prone to TADs. The porcine reproductive and
respiratory syndrome (PRRS) in pigs is believed to be entered in Mizoram, India from Myanmar. The recent outbreaks of African swine
fever (ASF) in India are also initiated in Arunachal Pradesh and Assam and originated from China. The vulnerability of this region to
be a potential entry point for TADs, which might have potential zoonotic value, warrants a critical review of the border situation of NER
India. The current review emphasizes on awareness about TADs and the factors responsible for their emergence.
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The quality of life in the world has enhanced with
modernization and intensive farming activities to meet the
demand of the increasing human population, which probably
disturbed the natural ecosystem leading to the emergence
of new infectious and non-infectious diseases of humans
and animals (Lindahl and Grace, 2015). Most non-infectious
diseases are preventable by adopting healthy living
practices. But emerging infectious diseases (EIDs) are
somewhat difficult to prevent and control because of their
contagious nature and relative ease in international or
intercontinental transmission. Animal diseases capable to
cross the international border are called transboundary
animal diseases (TADs) (FAO, 2004), which have very
serious implications on food security, the health of both
humans and animals and the economy of affected countries
(McElwain and Thumbi, 2017). Some TADs are restricted to
animals, but other TADs may affect both animals as well as
humans (Zoonoses). Multiple factors are responsible for the
emergence of TADs include international trade, globalization,
industrialization, biotechnological manipulation in the
genome of pathogens, intensive agriculture and livestock
farming, illegal transport of wildlife, ecological manipulation,
etc. (Brown, 2010; Cartín-Rojas, 2012; Yadav et al., 2020).
Agriculture, food security and international trade are being
very badly affected by TADs (Domenech et al., 2006; Islam,
2016).

The North East region of India consists of eight
states,viz, Assam, Arunachal Pradesh, Manipur, Meghalaya,
Mizoram, Nagaland, Tripura and Sikkim. The entire region
is surrounded by porous international borders with China,
Bangladesh, Myanmar and Bhutan. The region is well known
for its picturesque topography, cultural heritage, ethnic
beauty, rich biodiversity and other natural resources. Due
to porous international borders, the region remains highly
vulnerable to the illegal trade of wildlife, livestock and their

products, which provides easy access of TADs to enter the
region in particular and in the country in general. Like the
rest of India, livestock in North East India consist of diverse
species of cattle, pigs, goat, mithun, buffaloes, sheep, yak,
horse and ponies and poultry (Joseph Koireng et al., 2018).
It means the North East region of India can act as an entry
point for the diseases prevalent in the neighboring countries
into India due to the presence of susceptible hosts, illegal
trade of livestock and wild animals and unrestricted
movement of humans along porous international borders.
Also, the movement of wildlife including birds across
international borders and continents is an important factor
for the transboundary transmission of diseases (Liu et al.,
2020). Outbreaks of transboundary animals diseases in
North East India like classical swine fever (Malik et al., 2020),
porcine reproductive and respiratory syndrome virus
(Rajkhowa et al., 2015) and porcine circovirus-2 (Mukherjee
et al., 2018) and most recently in early 2020 the outbreak of
African swine fever (Bora et al., 2020) has highlighted the
importance of this region in term of gateway to transboundary
animal diseases entrance. In August 2019, lumpy skin
disease (LSD) was reported from China (Lu et al., 2020). At
the same time (August 2019), LSD was first time detected
in India from Odisha state (Kumar et al., 2021). Later on
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LSD was also reported from West Bengal and Assam states.
There is no exact evidence available about the route of
introduction of LSD into India, but the possibility of entry
through international borders along with North East India
cannot be overlooked. The present review offers salient
highlights on the importance of international borders along
with the North East India concerning possible entry of TADs
in India.

Transboundary animal diseases (TADs)
TADs put a huge impact on multiple sectors like animal
health, public health, food security and the economy of the
entire world (McElwain and Thumbi, 2017). According to the
FAO, TADs are those diseases that have an essential impact
on the economy, trade and/or food security of a group of
countries, which can be easily spread to other countries,
reaching epidemic proportions and that require control and
eradication cooperation between different nations (FAO,
2004). TADs are mainly classified into two types: the first
type of TADs remain restricted to animals, while the second
type of TADs is zoonotic and poses a serious threat to both
animal health and public health besides the impact on
economic and international trade. Foot-and-Mouth Disease,
Rinderpest, Contagious bovine pleuropneumonia, Rift Valley
Fever, Peste des petits ruminants, African swine fever,
Transmissible gastroenteritis, Swine vesicular disease,
African horse sickness, West Nile fever, Eastern equine
encephalomyelitis, Western equine encephalomyelitis,
Venezuelan equine encephalomyelitis, Nipah, Hendra virus,
SARS coronavirus, Bovine spongiform encephalopathy
(BSE) and Scrapie are few notable TADs appeared in the
world (Yadav et al., 2020).

Factors responsible for the emergence of TADs
New diseases are emerging very fast and are capable of
transboundary transmission. Emergence of new
transboundary diseases are possible impacts of climate
change, leakage of infectious agents from its ecological
niches and biotechnological manipulation in the genome of
pathogenic agents (Lederberg et al., 2003). Climate change
is responsible for the change in the geographic distribution
of vectors and intermediate hosts (El-Sayed and Kamel,
2020). All organisms inherently try to evolve to the changing
environment surrounding them for better survival. Climate
change causes evolution by creating selection pressure in
previous pathogenic microorganisms lead to the emergence
of modified microorganisms, which may be either more or
less pathogenic than the original form (https://www.who.int/
globalchange/summary/en/index5.html). Many tropical
diseases (dengue fever, rabies, Mycobacterium
ulcerans infection,  trachoma,  yaws,  leprosy,  Chagas
disease, trypanosomiasis, leishmaniasis, dracunculiasis,
cysticercosis, echinococcosis, foodborne trematodiases,
lymphatic filariasis, onchocerciasis, schistosomiasis and
soil-transmitted helminthiases) can re-emerge in the
developed countries due to climate change particularly
global warming (El-Sayed and Awad, 2018; Mitra and

Mawson, 2017).  It  may  be  possible  that  an  unknown
pathogenic agent already present in their reservoir host (in
wildlife) and is restricted to its niches. Human activities like
deforestation, movements to an inaccessible part of the earth
for the sake of either adventure or research lead to leakage
of new pathogenic agents into a susceptible host. There
are many examples of forest-associated emerging infectious
diseases like Yellow fever, Ebola virus infection, Nipah virus
infection, SARS, Rabies, Malaria, Sleeping sickness, etc
(W ilcox and Ellis, 2006). Normally, the biotechnological
manipulation in the genome of pathogens was created mostly
for benefit to the human civilization like vaccine production,
genomic modified microorganism for the production of specific
products (proteins and enzymes) and modified plants to
protect them from disease (Khan et al., 2016). Besides that,
biotechnological manipulations were also done to create bio-
weapons to modify a new form of already known pathogen
that is more pathogenic with the faster host-to-host
transmission (Aken and Hammond, 2003).

Transboundary transmission of TADs
Various factors like climate change, international trade,
feature of pathogenic agents, human movements, wildlife
movement across international borders and continents,
trans-border illegal trade of live animals and their products
are responsible for the transboundary transmission of TADs
(Randolph and Rogers, 2010).

Globalization and international trade of live animals and
animal products
Globalization of market and international trade related to
living animals and animal products is one of the major factors
responsible for transboundary transmission of animal
diseases (Akalu, 2017; Cartín-Rojas, 2012). Selling live
animals and animal products anywhere in the world is an
important component for the global economic growth
(Surugiu and Surugiu, 2015). India’s exports of animal
products during 2019-20 was US$ 3,694.29 millions, which
include the buffalo meat, mutton/chevon, poultry products,
dairy products, animal casing, processed meat, albumin and
natural honey (http://apeda.gov.in/ apedawebsite/
six_head_product/animal.htm#:~:text= The%20export%
2 0 o f%2 0 A n im al%2 0 P ro du c ts ,p rod u c ts%2 0l ik e%
20Buffalo%20Meat%20 (Rs.). Correlation between the role
of globalization and international trade of live animals and
animal byproducts in the transboundary transmission of
animal disease is proven by phylogenetic analysis of
pathogens detected in different geographical locations.
Phylogenetic analysis of the FMD virus isolated from the
2001 FMD outbreak in the UK showed the highest similarity
with South African FMDV (Pharo, 2002). Similarly, porcine
epidemic diarrhea (PED) strains detected in the United
States were identical to PED strains of China (Huang et al.,
2013). The outbreak of African swine fever (ASF) virus in
China has its origin in Eastern Europe (Zhou et al., 2018).The
outbreak of FMD in Egypt during 2012 was due to live animal
trade from East Africa (Ahmed et al., 2012).
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Transportation
International or intercontinental transportation played a very
crucial role in the overall development of human civilization
through the exchange of culture, social life, business,
economy, etc. The new generation transportation can
transport the animals and animal products to any place of
the world from any other places within 24 hours. Most of the
infectious diseases have an incubation period of minimum 3-
5 days, which means at a time when infected live animals
reach another place they may look healthy due to a lack of
clinical symptoms. Transmission of classical swine fever from
England to Sweden occurred through the transport of boars
(Birch, 1917). Porcine reproductive and respiratory syndrome
(PRRS) was first introduced in Switzerland in 2012 through
imported boar semen from Germany (Nathues et al., 2016)
even though boars in Germany were regularly screened for
PRRS (Guimera et al., 2005). 

Agent factors
Agent factors include those characteristics of an infectious
agent that help them to spread to a longer distance, resist
the food processing procedures and able to withstand
adverse environmental conditions during storage of raw and
processed animal products. African swine fever virus can
survive 11-1000 days in raw and processed pork products
including chilled, fried, smoked, offals, blood, skin, etc (FAO,
2013). Similarly, the FMD virus is highly stable under a
different environmental condition like pasteurization of milk
(at 72°C for 15 seconds), salting, curing and drying of hides
of infected cattle has not been effective in inactivating the
virus (Callis et al., 1975; Cottral, 1969). Classical swine fever
virus can survive over years in frozen meat (at -70°C) (Blome
et al., 2017).

Environmental factors
Climate change leads to the spread of human infections
beyond their geographic distribution (Watts et al., 2018).
Anthropogenic activities changes the climatic conditions (pH,
temperature, precipitation, etc.), which ultimately lead to the
emergence of new pathogens, a shift in the geographical
distribution of vectors and host, host jumping, etc. In the
case of the Nipah virus, fruit bats (Pteropus spp.) act as
natural reservoirs, whereas swine act as amplifiers.It had
been reported that deforestation activities in Malaysia and
Sumatra caused drought conditions during the year 1997.
This man-made disaster leads to change in bat migration
routes and feeding behavior that brings the bats and pigs in
close proximity of each other, which are the major ecological
disruptors associated with facilitating for the first time
introduction of this virus in Malaysian pig farms. In addition,
pig farm size and intensive pig farming system lead to the
circulation of this virus in the pig population and from there
to the human population (Olival and Daszak, 2005). Number
of dengue fever cases have doubled every decade since
1990 and a similar pattern was seen in other diseases, viz,
Yellow Fever, Chikungunya, Mayaro and Zikaas a result of
climate change (Hales et al.,2002; Stanaway et al., 2016).

Impact of TADs
TADs have serious consequences not only on the affected
country, but also on to rest of the world due to their impact
on a wide range of aspects like public health, socio-
economic, international trade and food security.

Impact on public health
The zoonotically potential TADs have threatened global
public health due to their capability to spread rapidly. In
recent past highly pathogenic avian influenza (HPAI), bovine
spongiform encephalopathy (BSE), West Nile fever, Rift
Valley fever, severe acute respiratory syndrome (SARS)
Coronavirus, Hendra virus, Nipah virus, Ebola virus, Zika
virus and Crimean Congo haemorrhagic Fever (CCHF) and
many more adversely affected animal and human health
(Malik and Dhama, 2015; Munjal et al., 2017; Singh et al., 2017;
Singh et al., 2019). In 1977, Rift valley fever (RVF) affected
2,00,000 humans with 600 deaths in Egypt (Helmy et al.,
2017). A recent outbreak of RVF was observed in 2018-19
from Mayotte, France, where 142 persons were infected
(Fawzy and Helmy, 2019). In an estimate by World Bank,
an economic burden of US$80 billion was beard by specific
countries due to zoonotic diseases between 1997 and 2009
(Gerrard and Nichol, 2007). Most of the newly emerging
infectious diseases have zoonotic potential. Spanish flu,
Swine flu, SARS and more recently SARS-COVID19 are
the best examples to see the impact of zoonotic
transboundary animal diseases on public health. Also, many
research reports are available indicating that many animal
pathogens evolving, which may help them to either shift or
increase their host range (Longdon et al., 2014).

Socioeconomic Impact of TADs
TADs have a great impact on the socio-economic condition
of a country. Due to highly contagious nature it causes a
heavy economic burden in terms of production and
productivity of animal and their products there off. In 1887,
the first outbreak of rinder pest in East Africa caused the
mortality of 90 per cent population of Ethiopia’s cattle and
more than 10 million cattle in the whole continent. In 1930,
an estimated annual loss of 230 million KSh in Kenya was
reported due to an outbreak of FMD, of which 30 per cent
loss was due to a reduction in milk yield. In Mexico, 13.6
million birds were destroyed due to outbreaks of Newcastle
disease in 2000. In 1997, about 3.8 million pigs were
slaughtered due to an outbreak of FMD in Taiwan. In 1994,
about 40,000 cattle and yaks were killed by rinder pest in
Pakistan (Akalu, 2017). In 1990, Belgium experienced
serious economic losses of about US$ 280 million due to
classical swine fever (Marsh et al., 2005). Every year 20
million cattle, 11 million pigs, 11 million goats and 9 million
sheep get affected by FMD, which cost approximately US$
5043 million (Knight-Jones and Rushton, 2013). A loss to
the world economy, which cost over US$ 50 billion as a result
of expenditure on treatment cost and loss in the tourism
industry due to SARS was recordedin 2003 (http://
w ww.emro.wh o. in t /pd f /ab o ut -w ho /rc6 1/zo on ot ic -
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diseases.pdf?ua=1). During the outbreak of RVF in Kenya,
an average loss of US$500 was borne by each house hold
as a result of low productivity and treatment costs. In 2001,
UK faced a loss of over US$ 9 billion due to the FMD
outbreaks. In 2004, more than 150 million chickens died or
were disposed of offin South East Asia to control HPAI
(H5N1). Between 1997 and 1998, an economic loss of US$
2.5 billion was suffered by the Netherlands to classical swine
fever (Yadav et al., 2020).

Impact on international trade
In most of the under developed and developing countries,
livestock rearing is done by small-scale marginal farmers
under the unorganized sector and provide income source
to them. Livestock rearing is also considered a boon to
landless farmers. International trade of live animals and
animal products plays an important role to uplift the socio-
economic status of landless and small-scale marginal
farmers by selling their live animals and animal products
anywhere in the world. Also, the wastage of excess produce
from animals due to lack of storage facilities can be
minimized if the international market is available. To protect
the local livestock health and farmer’s economic health from
TADs, disease-free countries may impose a complete ban
or restricted importation with precautionary measures, so
that entry of TADs can be prevented. RVF outbreaks cut off
exports from the Horn of Africa to parts of the Middle East in
1997-1998, 2000 and 2007 (Abbas et al., 2014). In 2005/
2006, Egyptian has faced a trade ban on animal and animal
products (Leforban, 2005). In 2003, the USA and Canadian
beef exporters have faced trade bans due to the BSE (Marsh
et al., 2005).The FMD outbreak in Korea in 2000 ended its
trade with Japan for US$ 300 million (Cartín-Rojas, 2012).
Recently, China bans the import of pigs and wild boar from
India due to an outbreak of African swine fever in May 2020
(https://www.thehindu.com/news/international/china-to-ban-
pork-imports-from-india/artic le31697495.ece #:~:text
=A%20joint%20notice%20 issued% 20by, safety% 20of%20
China%27s%20animal%20husbandry).

Impact on food security
Recent trend shows that protein sources in human nutrition
are shifting from plant to animal due to its high protein value
and bioavailability. It is estimated that the demand for
proteins derived from animals will be doubled by 2050
(Henchion et al., 2017). The four pillars of food security,
viz., availability, food access, stability and food utilization
are under great threat due to highly contagious TADs with
high rate of mortality (FAO, 2016). During any outbreak of
TADs, not only infected animals but also healthy animals
are slaughtered either in a particular region or throughout
the country depending upon the severity of diseases to
control and prevent the further spreading of disease leads
to huge socioeconomic loss. A loss of more than 40% of the
global food supply is due to pests and animal diseases (FAO,
2006). During the last decade of the 20th century, the annual
growth of meat products was decreased by 2% due to bovine
spongiform encephalopathy (Kumagai et al., 2019).

North East India is a possible gateway for TADs
The North East region of India is located at 89o46" to 97o30"E
and latitude 21o57" to 29o30"N. The entire area is connected
to the Indian mainland by a 22 km land corridor through
Siliguri in the state of West Bengal, popularly known as
“Chicken’s neck” (Nath and Nath, 2004). The region is best
known for its picturesque topography, cultural heritage,
ethnic beauty and rich natural biodiversity resources. The
region is covering an area of 2,62,185 sq. km, which is nearly
8 per cent of the total geographical area of the country. The
region has a population of 389.84 lakh that is 3.79 per cent
of the total population of India. It has vast coverage of forests
nearly 55 per cent of the total geographical area. The states
of the region are surrounded by China, Bangladesh,
Myanmar and Bhutan. The region has a long international
border of (5,182 km), which is more than 99 per cent of its
total geographical boundary. There are frequent international
movements of men/material/animals including vector
population bears a constant threat of incursions of exotic
and transboundary diseases to India’s mainland through this
North-East corridor (http://neradslab.res.in/). Moreover, the
recent outbreak of African swine fever is recorded in this
region (Kumar et al., 2020), which is suspected to be entered
from china through the Indo-China border of Arunachal
Pradesh (https://www.timesnownews.com/india/article/has-
china-spread-another-virus-in-india-after-covid-19-african-
swine-fever-surfaces-in-indiaafter-100-years/627134).
Previously, the first outbreak of PRRS was reported from
Mizoram, India, which might have entered from Myanmar
through a porous international border in Mizoram (Rajkhowa
et al., 2015). Recently, porcine circovirus-2 (PCV-2), an
emerging TAD, was confirmed circulating in the pig
population of the North eastern region of the country
including Meghalaya, Assam, Mizoram and Tripura
(Mukherjee et al., 2018). Lumpy skin disease (LSD) is
another important TAD of cattle was first time reported in
India from Odisa in August 2019 (Kumar et al., 2021). Later
on, it was reported from West Bengal and North East India,
particularly, Assam. Interestingly, LSD was also first time
reported in China in August 2019 (Lu et al., 2020). Although
there are no scientific evidence available about the route of
introduction of LSD into India, but there is a possibility that
it might have entered through international borders along
with North East India. The illegal trade of wildlife is also a
big challenge to handle in this region. There are frequent
reports of illegal wildlife trade along the international border
of this area. These events are indicating the importance of
the international border surrounding North-East India. There
is an urgent need for establishment of effective surveillance
system to prevent the entrance of TADs into the country.
The development of indigenous and cost-effective screening
tests with high sensitivity and specificity will help in the early
diagnosis of TADs so that immediate steps can be
undertaken to restrict the further spread across. The pen
side tests would be more appropriate for diagnosis and
screening of TADs at the field level without wasting much
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time for getting laboratory results. The early warning and
response mechanism at the regional level and national
levels can be helpful to tackle in time. Moreover, there is a
need to develop a national policy regarding on prevention
and management of TADs to prevent the devastating
consequences on both an imal and human health,
socioeconomic effects, international trade and food
security.

Control and management of TADs
Despite various control and preventive measures adopted
by different countries, TADs are continued to spread across
the world, which warrants the urgent need to re-evaluate
the strategies. In addition, all the countries should adopt
serious measures to curb the illegal trading of wild flora and
fauna for medicinal and food purposes.

Strict regulations related to international trade of
animals and animal products
There should be a strict ban on the trade of live animals
and animal products from the affected countries to the virgin
areas. Ban imposition, duration of the ban and upliftment of
ban should be a fair act and free from business forces.
International organizations like OIE, FAO, WHO and WTO
should keep active surveillance on the TADs’ presence
worldwide and assess their impact on human health, animal
health, food security and the socio-economy of the world.
These organizations and international communities should
help the affected countries to cope with the situation and
control and prevent the spread of the diseases.

Quarantine facilities
A quarantine facility is important to prevent the spread of
diseases across the countries. There should be proper and
strict arrangements to quarantine the imported live animals
and animal products. There is no fixed quarantine period
but a quarantine period of 30 days is followed. The length
of the quarantine period depends upon the time required
for observations and testing. The governments should
make effort to prevent the illegal movement of live animals
and animal products across the border, but at the same
time to make the legal transportation and quarantine
procedure easy. Great care is needed where uncontrolled
animal movements across borders because of nomadism,
transhumance, the influx of refugees, etc are frequent. The
quarantine facilities for animals and animal products are
playing an important role to tackle this problem. Besides,
due to the movement of live animals and animal
byproducts, infectious agents can cross the boundary of a
country indirectly either through fomites or vectors
(Randolph and Rogers, 2010). Even human can help in
the transboundary transmission of animals diseases
because there is no strict provision of quarantine and
screening of infectious diseases for humanity in general
(except in special cases like a pandemic or serious threat)
while traveling from one country to other (Islam, 2016; Otte
et al., 2004).

Restriction of cross border movement of wild animals
and vectors
The distribution of wild animals and vectors is specific to
particular geographical conditions. But, it is a very well-
known fact that cross-border movement of wild animals and
vectors posing challenges in controlling the spread of
diseases across international borders. Even some birds
travel from one continent to another continent providing
transmission routes for diseases from the site of origin to
distant places. These wild animals’ movements facilitate the
cross-border movement of vectors along with them. As
restriction of cross border movement of wild animals is
impractical, an active surveillance system should be
established along the international borders, which keeps
checking on movements of wildlife and occurrence of
infectious diseases in wild animals and their timely reporting
to appropriate authorities. On the death of wild animals
including birds, a proper investigation should be done to
identify the cause of death.The illegal trade of wild animals
across the border should be seriously addressed by the
respective Governments. The recent outbreak of African
swine fever in India in May 2020 might be the result of cross
border movement of animals.

The emergency of preparedness (EMPRE) 
To tackle any infectious disease outbreaks, an effective
standard operating procedure should be kept ready as
emergency preparedness (Khankeh et al., 2019). Emergency
preparedness has two basic components: the early warning
system and the early reaction system. An effective early
warning system, which provides forecast about current
disease pattern helps in early detection and save golden time
to take preventive steps to stop the spread of disease. An
effective early reaction system at the national or state or
regional level helps to keep the disease outbreaks restricted
to their point of origin and prevent further spread. In nutshell,
EMPRE helps in reducing the time interval between the
occurrence of outbreaks and steps taken to prevent it. For
proper deployment of EMPRE continuous research in the field
of disease epidemiology, development of diagnostic kits and
vaccines and development of disease diagnostic labs at
national, state and regional levels must be undertaken. All
the notifiable diseases should be reported properly to OIE.

Movements of human
Human movement across the most of world is unrestricted
and playing a key role in the spreading of disease from
infected areas to disease-free areas (Kraemer et al., 2017).
Circulation of the pathogen in an area depends upon the
transport infrastructure (Nasir et al., 2016), which is
influenced by economic (Simini et al., 2012; Weiss et al.,
2018), tourism (Deville et al., 2014) and religion spots in
that area (Lessler et al., 2014). Also, the illegal movement
of humans across porous borders becoming a serious factor
for disease spread. Also, not only humans but things that
were taken by them can help the TADs to spread to other
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countries. Evidence of such events is available in past. ASF
in 2017 in the Czech Republic and in 2018 in Hungary was
first introduced by Ukrainian workers through contaminated
food (Beltran-Alcrudo et al., 2019). The outbreak of ASF in
Santa Catarina State, Brazil, was believed to happen due to
bringing of infected pigs by war refugees from Angola (Moura
et al., 2010). Similarly, the ASF outbreak in Tanzania was
due to the introduction of infected pigs into refugee camps
from Uganda or Burundi (Wambura et al., 2006). The
ongoing COVID-19 pandemic, which affected the entire
world, is a good example of the role of human movements
in disease spread worldwide within a short period and in an
uncontrolled way.

Vaccination
Vaccines have played a crucial role in the eradication of
diseases in the past, such as rinder pest (Greenwood, 2014).
Vaccination of healthy animals is an effective way to prevent
disease occurrence and spread. New generation DIVA
vaccines (subunit vaccine, DNA vaccines, RNA vaccines)
and vaccines with easy delivery systems (oral vaccines) are
the need of the present time to tackle re-emerging and
emerging transboundary animal diseases. Polyvalent
vaccines should be preferred as they can save money and
time.

One health approach
The emergence and re-emergence of infectious diseases
and their geographical transmission is the consequence of
anthropogenic activities, change in farming systems and
change in the environment. So, it is impossible to tackle
emerging and re-emerging diseases without a holistic “One
Health” approach (Rabozzi et al., 2012). One health is the
multi-disciplinary and collaborative approach of multi-sectors
to achieve optimum human health. The principle of ‘One
Health’ is based on that optimum human health cannot be
achieved without considering the health of animals, plants
and the environment, which is shared by all these with
humans. The health of livestock, poultry and fish is important
for food security and human health. Intensive livestock
farming system to meet the food demand of increasing
human population helping the pathogenic agents for their
easy circulation and maintenance in the animal population.
Also, intensive and integrated agriculture farming creating
a new niche for the development of new pathogens and the
evolution of existing pathogens at a faster speed. Similarly,
change in climate due to human activities and farming
system providing heaven for faster evolution of pathogens
including the emergence of new pathogens. In the present
time, we cannot expect the welfare of humans by neglecting
the other components of our ecosystem, which include
animals, plants and the environment.

Surveillance
Surveillance is an important activity to keep watch on the
pattern and distribution of a pathogenic agent in the region
(Van Seventer and Hochberg, 2017). Active disease

surveillance in the susceptible regions is important. The
susceptible population should be regularly tested for
diseases. Animals should be tested before importation.
Illegal wildlife trade and unrestricted movement of animals
across international borders is the key driver of TADs. So,
there is a need to continuously observe the illegal movement
of humans and illegal trade of wild animals across the
borders. The use of artific ial intelligence and global
positioning system can be helpful to monitor the movement
of wildlife (Jawalker et al., 2017).

Way forward
TADs affect multiple sectors like animal health, food security,
public health and the economy worldwide.There is a need
for active participation from all countries to properly address,
control and prevent the transboundary transmission TADs
and the emergence of new TADs. The development of
diagnostics and vaccines including new generation vaccines
considering the new strains of the pathogens, which can be
stored at room temperature, is crucial. There is a need to
develop pen-side tests for easy diagnosis of diseases at
the field level to save time and money. A disease monitoring
and forecast network system is needed for active
surveillance of pathogenic microorganism, host and vector,
so that movement of the pathogen can be predicted and
appropriate steps can be taken to prevent the spread of
diseases and also constant monitoring of the ecosystem of
infectious agents and host to forecast the pattern of
infectious diseases and emergence of new diseases.
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