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Introduction

The emergence of novel human pathogens and re-
emergence of several diseases are of particular concerns 
in the current decade. At a basic level, emerging 
infections can be defined as those diseases whose 
incidence has been found to be increased within recent 
decades or which have threatened to increase in the 
future. Such emergences are often detection/spread of 

pathogen in newer areas, recognition of the presence of 
diseases that have been present in a population albeit 
as undetected entities, or due to the realization of an 
infectious aetiology in already established diseases1. 
Several factors underlie the emergence of such 
diseases, including increasing population, poverty and 
malnutrition, increased domestic and global connectivity, 
economic factors leading to population migration, social 

Quick Response Code:

Review Article

Indian J Med Res 149, April 2019, pp 447-467
DOI: 10.4103/ijmr.IJMR_1239_18

Emerging/re-emerging viral diseases & new viruses on the Indian 
horizon

Devendra T. Mourya†, Pragya D. Yadav1, P.T. Ullas1, Sumit D. Bhardwaj2, Rima R. Sahay1, Mandeep S. Chadha2, 
Anita M. Shete1, Santosh Jadhav1, Nivedita Gupta3, Raman R. Gangakhedkar3, Pradeep Khasnobis4 & 
Sujeet K. Singh4

1Maximum Containment Laboratory, 2Influenza Department, †ICMR-National Institute of Virology, Pune, 
3Division of Epidemiology and Communicable Diseases, Indian Council of Medical Research &  
4National Center for Disease Control, New Delhi, India

Received July 4, 2018

Infectious diseases remain as the major causes of human and animal morbidity and mortality leading to 
significant healthcare expenditure in India. The country has experienced the outbreaks and epidemics 
of many infectious diseases. However, enormous successes have been obtained against the control of 
major epidemic diseases, such as malaria, plague, leprosy and cholera, in the past. The country’s vast 
terrains of extreme geo-climatic differences and uneven population distribution present unique patterns 
of distribution of viral diseases. Dynamic interplays of biological, socio-cultural and ecological factors, 
together with novel aspects of human-animal interphase, pose additional challenges with respect to 
the emergence of infectious diseases. The important challenges faced in the control and prevention of 
emerging and re-emerging infectious diseases range from understanding the impact of factors that are 
necessary for the emergence, to development of strengthened surveillance systems that can mitigate 
human suffering and death. In this article, the major emerging and re-emerging viral infections of 
public health importance have been reviewed that have already been included in the Integrated Disease 
Surveillance Programme.

Key words Avian influenza - CCHF - emerging - India - Nipah virus - re-emerging - respiratory viral infections - rotavirus - viral diseases



448  INDIAN J MED RES, APRIL 2019

practices, prevalence of immunosuppressive diseases, 
unplanned urbanization, deforestation and change in 
agricultural practices such as mixed farming2. Genetic 
alterations in pathogens have also been responsible for 
such outbreaks, to a significant extent3.

Estimates indicate that about 60 per cent of 
infectious diseases and 70 per cent of emerging 
infections of humans are zoonotic in origin, with 
two-thirds originating in wildlife4. Habitat destruction 
due to unplanned urbanization has placed humans at 
increasing contact with animal and arthropod vectors 
of viral infections. Such interactions have been one of 
the major causes for increased human susceptibility 
to infections by novel pathogens, in the absence of 
specific immunity in these populations.

Respiratory viral infections, arboviral infections 
and bat-borne viral infections represent three major 
categories of emerging viral infections in India. 
Infectious aerosols of the tracheobronchial tree 
represent efficient means for spread of viral pathogens 
affecting the respiratory tract. Pandemic influenza 
H1N1pdm09, highly pathogenic avian influenza (AI) 
infection (H5N1) and the Middle East respiratory 
syndrome coronaviruses (MERS-CoV) represent three 
pathogens posing severe threat in this category5,6. 
Arthropod-borne viruses have consistently been 
the reason of emerging and re-emerging diseases in 
the Indian subcontinent, including Crimean-Congo 
haemorrhagic fever (CCHF), dengue, chikungunya, 
Japanese encephalitis and Kyasanur forest disease 
(KFD). The major arboviral pathogens of humans 
belong to the three genera of Flavivirus, Alphavirus 
and Nairovirus. Several bat-borne viruses have also 
come into prominent notice, best exemplified by Nipah 
viral disease, severe fever with thrombocytopenia virus 
(SFTV), as well as Ebola viral disease.

A consistent theme in the infectious disease 
landscape of the country has been the periods of 
quiescence of several pathogens following their initial 
discovery, only to be followed by their reappearance, 
often in more virulent forms. This is best exemplified 
by arboviral infections such as chikungunya and 
Zika. Several parts of the country have witnessed the 
re-emergence of chikungunya, an arboviral illness 
characterized by debilitating and prolonged arthralgia, 
since 20067. Following the initial outbreaks during 1963 
and 1973, the illness showed a long period of quiescence 
before making a re-appearance8. In contrast to the early 
outbreaks which were caused by Asian strains of the 
virus, the East African strains of chikungunya virus were 

responsible for the explosive outbreaks of chikungunya 
during 20067. Most parts of the country abound with 
substantial populations of Aedes aegypti mosquitoes, 
which are competent vectors for dengue, chikungunya 
and Zika viruses, which remain as global threats9,10. 
Although serological studies conducted in the 1960s 
showed the circulation of Zika virus in the country11, 
a detailed understanding of the disease burden and its 
impact did not come forth till the explosive outbreaks 
began in Brazil in 201511. Four cases of Zika viral 
infection were subsequently identified and reported from 
India (3 from Gujarat and 1 from Tamil Nadu), and no 
Zika-associated microcephaly cases have been identified 
in the country, till date (NIV, unpublished data).

There have also been cases of discovery of novel 
pathogens in the country. The examples include 
Chandipura virus (CHPV), CCHF virus and KFD 
virus (KFDV). These viruses were identified during 
the 1950s-1960s12-14, but their pathogenic and public 
health significance remained unexplored for a long 
time. Several of these infections take a heavy toll on 
the animal husbandry and agricultural industry. The 
economic costs associated with such infections can be 
heavy as can be inferred from the high costs of medical 
and intensive care, days of productive work lost, impact 
on travel and tourism, ban on export of agricultural 
produce from affected regions, etc. The psychological 
impact of such outbreaks and their sequelae has also 
not been systematically evaluated in the country.

The Department of Health Research (DHR), 
Ministry of Health & Family Welfare, Government 
of India, made a vision in 2013 to establish and 
strengthen the network of laboratories across the 
country to create infrastructure for timely identification 
of viruses causing outbreaks or related to significant 
morbidity/mortality which are important at public 
health level. This network of Virus Research and 
Diagnostic Laboratory (VRDLN) is also intended to 
provide virological diagnosis to patients attending 
tertiary health facilities (medical colleges) and thereby 
help in generating surveillance data on common viral 
diseases from different parts of the country. The 
detailed list of VRDLN currently functional in India 
is available (http://112.133.207.124:82/vdln/vdls.php).

The situation of emerging public health infections in 
India was last reviewed by Dikid et al1 in 2013. However, 
the country has witnessed many notable changes with 
regard to infectious diseases in the past 4-5 years, 
prompting a re-look into the scenario. The present review 
attempts to provide an updated review on the topic.
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The National Vector Borne Disease Control 
Programme (NVBDCP) undertakes the surveillance 
for the vector-borne diseases in the country. This 
Programme focusses on the prevention and control of 
diseases, which include malaria, dengue, chikungunya, 
Japanese encephalitis, kala-azar as well as lymphatic 
filariasis. The epidemiology of these diseases is known 
to vary with ecology, vector bionomics, as well as 
economic, socio-cultural and behavioural factors. 
Regular monitoring and evaluation would be critical 
to the overall success of the Programme. Arboviral 
infections, including dengue and chikungunya, have 
shown an upsurge in recent years, particularly in the 
urban community of the country16. Climatological 
factors and favourable environment conferring 
longevity of the vector mosquitoes, especially of Aedes 
species, are thought to underlie this. Concerted efforts 
toward the control of vectors, including mosquitoes 
with the help of community participation and by 
enhancing the community awareness, would be critical 
to curtail the disease transmission.

Impact of mass gatherings and emerging viral 
infections

The World Health Organization (WHO) defines 
mass gatherings as occasions, which are organized 
or are spontaneous, that pulls large numbers of 
pool of people for straining the planning as well as 
response resources in the community, city or nation 
hosting that particular event. In addition to religious 
congregations, these events may be held in the sports, 
socio-cultural or political contexts17. The religious 
Kumbh Mela, held every 12 years in Uttar Pradesh in 
India, is considered as one of the biggest human mass 
gatherings on earth18. The other examples of religious 
mass gatherings in India include the Maha Pushkaram 
festival in Andhra Pradesh (last held in 2015 and 
attended by 48.1 million people in Andhra Pradesh and 
57 million people in Telangana), annual pilgrimage to 
Sabarimala temple in Pathanamthitta district of Kerala 
(attended by 45-50 million devotees every year) and 
Velankanni, the biggest Catholic pilgrimage centre 
in India (visited by around 3 million people from 
late August to early September), Mahamaham in 
Kumbakonam in Tamil Nadu (last held on February 
22, 2016, attended by one million people)19. Similar 
events of other religious denominations attended by 
comparatively lesser numbers of pilgrims are also 
observed in India with fervor. Such opportunities 
create situations for human proximity within very 
close distances and the challenges they present to the 

Fig. 1. Disease-wise reported outbreaks in India. CCHF, 
Crimean-Congo hemorrhagic fever; KFD. Kyasanur forest disease; 
ARI, acute respiratory infection; JE, Japanese encephalitis; 
WN, West Nile; DHF, dengue hemorrhagic fever; DSS, Dengue 
Shock syndrome. Source: Ref. 15.

Emerging viral infections identified as public 
health threats 

Viral pathogens are known to cause outbreaks 
that have epidemic and pandemic potential. The 
Integrated Disease Surveillance Programme (IDSP) 
is a laboratory-based, IT-enabled system in the 
country for surveillance of epidemic-prone diseases15. 
During 2017, the IDSP network reported a total of 
1683 outbreaks of such diseases. The analysis of 
data showed that 71 per cent of these outbreaks were 
caused by viral pathogens, while 29 per cent were due 
to non-viral pathogens. Nearly 72,000 individuals 
were affected in these outbreaks, and amongst them, 
60 per cent had a viral aetiology. Data also revealed that 
febrile rash syndromes (including measles, rubella and 
chickenpox) contributed 30 per cent of the outbreaks, 
while gastroenteritis and arboviral diseases contributed 
20 and 17 per cent, respectively15 (Fig. 1).

Majority of the reported outbreaks occurred in 
the Western part of the country (Fig. 2)15. It is likely 
that the reported outbreaks represent only a part of the 
actual disease burden and only the symptomatic and/or 
geographically clustered cases identified by the health 
facility would have been covered in the reports. 
Subclinical and sporadic infections, as well as those 
not identified by the health facility, are often missed 
by the surveillance systems. The proportion of reported 
outbreaks is directly related to the public health 
infrastructure and surveillance network, with outbreak 
alerts originating most efficiently from those States 
with well-functioning public health infrastructure and 
disease surveillance systems.
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maintenance of sanitation. These gatherings create 
considerable public health concern. Transmission of 
respiratory and gastrointestinal infections remains 
major concerns during such large-scale assemblies. 
The outbreaks of infectious diseases have occurred 
during several of these events, best exemplified by 
the outbreak of cholera at the Kumbh Mela festival in 
1817, which spawned the Asiatic cholera pandemic 
(1817-1824) through the returned, infected pilgrims20. 
These assume additional importance in the wake of 
the emerging and re-emerging infectious diseases, 
including that due to viruses. Large numbers of 
Muslim followers return from the Hajj and Umrah 
pilgrimage every year, there have been concerns that 
they might acquire infections with MERS-CoV during 
the event and subsequently lead to its introduction in 
India. However, no case of MERS-CoV infection has 
been detected in the country so far though reports have 
indicated the spread of influenza through infected, 
returning pilgrims21. It would seem likely that these 
large-scale gatherings may provide platforms for 
exchange of genomic material and thereby evolution 
of pathogens, including viruses.

Nosocomial transmission and emerging infections

Institutionalized care of vulnerable people with 
compromised immune systems (e.g. those receiving 
cancer chemotherapy or undergone the procedure of 
transplantation either of solid organ or hematopoietic 
stem cell, diabetics, elderly, pregnant women 
and pre-term babies) may present opportunities 
for transmission of viral infections. Use/sharing 
of contaminated instruments for injections and 
practices such as body piercing, tattooing and 
acupuncture may result in heightened risk for 
transmission of infections, including hepatitis-C 
virus (HCV), hepatitis-B virus (HBV) and human 
immunodeficiency virus (HIV). Appreciable risks 
also exist at dental clinics, haemodialysis units, 
etc. where sterilization/disinfection practices for 
patient care instruments are not followed stringently. 
Healthcare staff faces a real risk for the acquisition 
of several viral infections, including HBV, HCV, 
HIV, rubella, viral haemorrhagic fevers (CCHF), 
encephalitic infections such as rabies and Nipah. 
Hospital-associated transmission of infection was 
a prominent finding during the outbreaks of Nipah 
infection in West Bengal22 and Kerala States, in which 
several healthcare staff fell victims to the infection. 
The details of emerging/re-emerging viral infections 
in India and new viruses are provided in Table I.

Laboratory accidents/lapses in biosafety practices

Neglect of laboratory biosafety requirements 
as well as laboratory accidents may also lead to the 
occurrences of emerging/re-emerging infections. 
Recently, there was a report on the development of 
buffalopox (BPX) lesions on the palm of a biomedical 
researcher following a shrapnel injury, warranting 
surgical treatment and leading to delayed healing56. 
Such reports, though infrequent, emphasize the need 
for stringent adherence to biosafety guidelines to be 
observed in research involving viral agents with human 
pathogenic potential.

Some viral pathogens that have gained particular 
attention in recent years are discussed below:

(i) Enteroviruses (EVs): The EVs are small, non-
enveloped, positive-stranded RNA viruses of 
the family Picornaviridae, which remain as the 
neglected and re-emerging viral pathogens in our 
country. Originally classified into four groups based 
on pathogenetic properties (Coxsackie A viruses, 
Coxsackie B viruses, polioviruses and echoviruses), 
these are more accurately classified by molecular 
typing employing nucleotide sequencing of the 
VP1 region of their genome21. More than 300 EV 
types have been described57. The disease spectrum 
associated with these includes acute flaccid 
paralysis, meningitis, encephalitis, myocarditis, 
acute haemorrhagic conjunctivitis, myocarditis, 
pericarditis, type 1 diabetes mellitus, myositis, 
respiratory tract infections and exanthems such 
as the hand, foot and mouth disease (HFMD)24. 
Overlapping clinical presentations of enteroviral 
infections makes it difficult to arrive at an aetiological 
diagnosis without laboratory confirmation. Rao24 
reported a positivity of 35 per cent for non-polio 
EV (NPEV) infections amongst children with non-
polio acute flaccid paralysis, with 66 serotypes of 
EVs detected in them. The author also observed 
that NPEVs, just like rotaviruses, had a significant 
association with diarrhoea. EVs have also been 
reported as aetiological agents of acute encephalitis 
in Uttar Pradesh23,58 and Karnataka States59. The 
infrequent reports of their detection in clinical 
cases may reflect a lower prevalence or more 
probably the inadequacy of the existing surveillance 
systems in the country. There have been reports 
of outbreaks of HFMD from several parts of the 
country60. Coxsackievirus A16 (CV-A16) and CV-
A6 have been major and CV-A10, EV-A71 and E-9, 
infrequent causes of these outbreaks in the southern 
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Table I. Emerging/re-emerging viral infections in India and new viruses
Family Viruses Probable/mode of transmission Outbreak 

potential
Biosafety-risk 

group
Bunyaviridae Ganjam virus Tick-borne Yes* 2

Bhanja virus Tick-borne Yes* 2
SFTS virus Tick-borne Yes 4
Chobar Gorge virus Tick-borne No 2
EEV Arthropod-borne No 2
Cat Que virus Arthropod-borne Yes* 2
Kaisodi virus Tick-borne Yes* 2
Umbre virus Arthropod-borne Yes* 2
Oya virus=ingwavuma virus Arthropod-borne No 2
Chittoor virus Tick-borne Yes* 2
Thottapalayam virus Rodent-borne No 2

Nairoviridae CCHFs virus Tick-borne, human to human Yes 4
Flaviviridae Yellow fever Arthropod-borne Yes 4

Zika virus Arthropod-borne, mother to child, 
sexual route

Yes 2

KFD Tick-borne Yes 4
JE Arthropod-borne Yes 2
Dengue Arthropod-borne Yes 2
Bagaza virus Arthropod-borne Yes* 2

Paramyxoviridae Influenza - (H3N2) v alias Air-borne Yes 3
Influenza -Avian (H5N1) Air-borne Yes 4
RSV Air-borne Yes 2
Quaranfil virus Tick-borne Yes* 2
Parainfluenza 1-4 Air-borne Yes* 2
Enterovirus-D68 Air-borne Yes 2

Paramyxoviridae Nipah virus Human to human 
Direct contact/consumption of 
infected bat/fruit infected with bat

Yes 4

Picornaviridae Human rhinovirus A, B and C Air-borne Yes 2
Hand, foot and mouth disease Direct contact, faeco-oral route Yes 2
Coxsackie-A21 virus Faeco-oral route Yes 2
Coxsackie-A10 virus Faeco-oral route Yes 2
Sapoviruses Faeco-oral route Yes 2
Rota Faeco-oral route Yes 2
Polio and non-polio flaccid paralysis Faeco-oral route Yes 3

Caliciviridae Noroviruses Faeco-oral route Yes 2
Hepadnaviridae Hepatitis KIs virus new and vaccine 

escape mutants of HBV
Blood-borne Yes 2

Togaviridae Rubella virus Ai-borne Yes 2
Chikungunya virus Arthropod-borne Yes 2

Poxviridae Buffalopox virus (orthopoxvirus) Direct contact Yes 2
Parvoviridae Human parvovirus-4 Parenteral transmission? Yes 2

Contd...
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Family Viruses Probable/mode of transmission Outbreak 
potential

Biosafety-risk 
group

Arenaviridae LCMV Rodent-borne Yes* 3
Herpesviridae CMV Direct contact Yes 2

Chickenpox (varicella) VZV Air-borne, direct contact Yes 2
Rhabdoviridae Chandipura virus Arthropod-borne Yes 3
Reoviridae Kammavanpettai virus (orbiviruses) Tick-borne No Unknown
*May cause epidemic; however, no epidemic has been reported. Unknown: No clear information on the risk assessment available. 
SFTS, severe fever thrombocytopenia syndrome; EEV, equine encephalosis virus; CCHFs, Crimean-Congo hemorrhagic fevers; 
KFD, kyasanur forest disease; JE, Japanese encephalitis; LCMV, lymphocytic choriomeningitis virus; CMV, cytomegalovirus; 
VZV, varicella-zoster virus; RSV, respiratory syncytial virus; HBV, hepatitis-B virus 
Source: Refs 5, 10, 22-55

and eastern parts of India61. Saxena et al62 reported 
the circulation of three genotypes of EV-A71 in 
India and also identified as a new genogroup (G) of 
the same. The authors observed that the genogroups 
D and G circulate widely in the country, while the 
sub-genogroup C1 was restricted to one focus in 
Western India. EV-A71 association has also been 
reported in cases of acute flaccid paralysis from 
Uttar Pradesh, Karnataka and Kerala25,26. The exact 
disease burden associated with EV-A71 infections 
in India needs detailed investigations

(ii) Reoviruses: Reoviridae includes viruses possessing 
linear double-stranded RNA genomes. Viruses of 
four genera, viz. Orbivirus, Rotavirus, Orthoreovirus 
and Coltivirus, affect animals and humans. 
Orbiviruses are known to infect humans, ruminants, 
horses, rodents, bats, marsupials, sloths and birds. 
These are transmitted by vectors which are included 
in Culicoides midges, mosquitoes, black flies, sand 
flies and ticks. Orbiviruses are widely distributed 
and contain 21 recognized species within multiple 
serotypes63.

(iii) Herpesviruses including Varicella-Zoster virus 
(VZV): Herpesviruses are the important aetiological 
agents of vesicular exanthems and central nervous 
system (CNS) infections. Herpes simplex virus type 
1 (HSV-1) is known to cause vesicular ulcerative 
lesions in the oral cavity and can also infect the 
genitalia, liver, lungs, eyes and CNS. A recent report 
indicated that HSV-1 was a significant pathogen 
in paediatric cases of acute viral encephalitis64. 
HSV-2 causes painful genital ulcers and high 
morbidity and mortality in neonates acquiring it from 
infected mothers65. VZV, one of the herpes viruses, 
is the causative agent for varicella (chickenpox), an 
acute febrile illness (AFI) with diffuse maculopapular 

vesicular rash and herpes zoster (shingles). Estimates 
indicate that more than 30 per cent of people over 
the age of 15 yr in India are susceptible to VZV27. 
Varicella seroprevalence was 16 per cent in children 
aged 1-4 yr, 54 per cent in those between the ages of 
5 and 14 yr and 72 per cent amongst those aged 15-25 
yr66. Varicella occurs in endemic and epidemic forms 
in the country and carries secondary attack rates of 
>85 per cent in the exposed individuals67. Conditions 
of overcrowding and low immunization coverage 
make ideal grounds for outbreaks of varicella. In 
southern India, varicella shows a seasonal peak 
from January to April68. After the recovery from 
chickenpox infection, the virus remains dormant 
and reactivation of the virus leads to shingles. It is 
mostly seen in immunocompromised person and is 
not transmitted from human to human67.

Current scenario of emerging viral infections

Respiratory viral infections

Acute respiratory diseases claim over four 
million deaths every year and cause millions of 
hospitalization in developing countries every year69. 
Over 200 viral pathogens, belonging to the families 
Orthomyxoviridae, Paramyxoviridae, Picornaviridae, 
Coronaviridae, Adenoviridae and Herpesviridae, 
cause respiratory infections in humans. Influenza, 
parainfluenza, respiratory syncytial virus (RSV) and 
adenoviruses remain important respiratory pathogens. 
Human metapneumovirus has also been recognized 
worldwide as a pathogen of significance70.

(i) Influenza: Influenza viruses, belonging to 
Orthomyxoviridae family, are the frequent causes 
of epidemics and pandemics affecting humans. 
Influenza pandemics have occurred earlier in 
1918 (Swine influenza), 1957 (Asian flu), 1968 
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(Hong Kong flu), 1977 (Russian flu) and the recent 
pandemic of 2009 (pandemic influenza A H1N1)71. 
Influenza virus type A is highly variable, shows 
continuous antigenic variation and is a major cause 
of epidemics and pandemics. The surface antigenic 
glycoproteins undergo two major types of antigenic 
variation, viz. antigenic shift and antigenic drift. 
Antigenic shift is the result of major changes in one 
or both the surface antigens [haemagglutinin (HA) 
and neuraminidase (NA)] and causes occasional 
pandemics. Three mechanisms might be operative in 
the antigenic shift, leading to emergence of pandemic 
influenza strains, viz. genetic re-assortment, direct 
transfer from avian/mammalian host to humans 
and virus recycling. Antigenic drift results due to 
minor changes in HA or NA and causes frequent 
epidemics72. Influenza viruses are continuously 
evolving and show ubiquitous distribution in the 
environment, animals and humans. 

(ii) Severe acute respiratory syndrome-associated 
coronavirus (SARS-CoV): SARS was first reported 
in the Guangdong province of China in February 
2003 showing human-to-human transmission. 
The disease caused an estimated 8000 cases and 
more than 750 deaths in more than 12 countries73. 
The WHO issued a global alert about the disease 
on March 13, 200374. Although the cases mostly 
remained confined to China, a few cases were 
reported from North and South America, Europe 
and Asia. No case, however, has been reported from 
India.

(iii) MERS-CoV: MERS-CoV is a zoonotic viral illness 
causing respiratory infection which was first reported 
in Saudi Arabia in 2012 and has since spread to 26 
different countries. Over 2207 laboratory-confirmed 
cases and 787 deaths have occurred due to MERS-CoV 
infection globally, since 201275. The clinical spectrum 
of illness associated with MERS-CoV ranges from 
asymptomatic infections to acute respiratory distress 
syndrome, resulting in multi-organ failure and death. 
The case-fatality rates (CFRs) have remained high 
at 3-4 per 10 cases76. Limited information currently 
exists about the transmission dynamics of this 
virus, and definitive treatment and a prophylactic 
vaccination remain unavailable till date. Evidence 
for secondary, tertiary and quaternary cases of MERS 
ensuing from a single infected patient also exists, 
even in the absence of mutations conferring hyper-
virulence77. No case of infection with this virus has 
been detected in India so far. Bats are thought to be 

the natural reservoirs of this virus, and many patients 
developed the illness after contact with camels. India 
is home to a great diversity of bat species and has 
substantial camel population. The country also reports 
heavy passenger traffic from the Middle East, as part 
of pilgrimage, employment, tourism and trade. These 
facts call for preparedness and surveillance against 
this virus in the country.

(iv) Avian influenza (AI): Humans are susceptible to 
infection with AI and swine influenza viruses, 
including the AI virus subtypes - A(H5N1), 
A(H7N9) and A(H9N2). Exposure to infected birds 
or contaminated environment is thought to underlie 
human infection with these viruses78. Human cases 
of AI might occur in future, in view of the ongoing 
circulation of AI viruses in birds. There have been 
sporadic reports of human infections with AI and 
other zoonotic influenza viruses, but sustained 
human-to-human infection and transmission have 
been lacking. Although the public health risk from 
the currently known influenza viruses at the human-
animal interface remains the same, the sustained 
human-to-human transmission of this virus is low.

(v) RSV: RSV is an important pathogen causing 
acute lower respiratory tract infection (ALRTI) 
in young children. It can also affect older adults 
and immunocompromised individuals79. Estimates 
indicate an annual incidence of approximately 
34 million episodes of ALRTI associated with RSV 
infection in children aged five years or less80. RSV 
infections also lead to about three million cases of 
hospitalization and about 66,000-199,000 deaths, 
with more than 99 per cent of the deaths reported 
from developing country80. In view of the public 
health significance, the WHO has started a pilot 
project for RSV surveillance in its six regions, 
utilizing the well-established platform of Global 
Influenza Surveillance and Response Network81. 
The exact burden and impact of RSV infections in 
the country need to be studied in depth.

Viral haemorrhagic fevers

(i) CCHF: CCHF was first recognized in 1944 from the 
West Crimean region, former Soviet Union as a huge 
outbreak, and the virus was subsequently isolated in 
1956 from a human CCHF-positive case82. CCHF 
virus belongs to the genus Orthonairovirus of the 
family Nairoviridae. This virus had been detected 
from almost 30 countries in Africa, South-Eastern 
Europe, the Middle East and Western Asia. The 
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CCHF viruses clustering is seen in 6-7 different 
groups (Group I - West African strains; Group II 
- Central African strains; Group III - South Africa 
and West Africa, Group IV - the Middle East and 
Asian strains; Group V - European strains; Group 
VI - Greek strains). Group IV involves Asia 1 
and Asia 2 subgroups83. Phylogenetic analysis 
based on the S gene segment of CCHF virus had 
shown that the Indian CCHF virus strains formed 
a distinct cluster in the Asian-Middle East group 
IV84. Humans are normally infected by bites from 
ticks or close contacts with bodily fluids of acute 
viraemic CCHF-positive cases (showing potential 
for human to human transmission) and also from 
blood or tissue from viraemic livestock during 
handling or slaughtering. The high-risk groups are 
those who either get exposed to ticks (e.g. farmers, 
shepherds and veterinarians) and persons (mainly 
healthcare workers/family members) who come in 
close contact with the CCHF patients85.

  Since its first detection in the country in 
201186, many nosocomial and sporadic outbreaks 
of CCHF have been investigated in Gujarat and 
the adjoining Rajasthan State28,87. A nation-wide 
survey by the ICMR-National Institute of Virology 
(ICMR-NIV), Pune, revealed wide seropositivity 
amongst sheep, goat and cattle population across the 
country88. Since 2011 till December 2018, almost 
81 cases have been diagnosed positive for CCHF 
(NIV, unpublished data). 

  The clinical manifestations typically develop 
after incubation period of 1-3 (maximum 9) days 
after exposure to tick bite; while in infections 
acquired through direct contact with viraemic 
livestock or CCHF-positive patients, it may 
extend to 5-6 (maximum 13) days. The clinical 
features include abrupt onset of high-grade fever, 
severe headache, malaise, nausea, vomiting, 
diarrhoea and sore throat. The disease typically 
progresses through the stages of incubation 
period, pre-haemorrhagic, haemorrhagic period 
and then convalescence89. Molecular assays such 
as conventional reverse-transcription polymerase 
chain reaction (RT-PCR) and qualitative real-
time RT-PCR (qRT-PCR) have been used to 
detect CCHF RNA and for laboratory diagnosis. 
Several serological tests including enzyme-linked 
immunosorbent assay (ELISA) have also been 
developed to detect CCHF-specific IgM and 
IgG antibodies. The isolation and propagation of 

CCHF virus require a high-containment [biosafety 
level (BSL)-4] laboratory. No specific treatment 
is available for CCHF disease and treatment 
includes supportive medications and  maintenance 
of fluid-electrolyte balance, timely monitoring 
and replacement of platelets in case of severe 
thrombocytopenia along with administration of 
fresh-frozen plasma and erythrocyte preparations 
to maintain the blood volume in case of circulatory 
failure. The antiviral drug ribavirin has shown 
promise in some studies89; however, its use remains 
controversial. The WHO has recently declared 
CCHF as the highest priority disease globally, 
needing urgent research and development90. 
Serious alertness and cohesive work under the ‘One 
Health Programme’ is required to cope up with the 
threat of this dreadful zoonotic disease.

(ii) KFDV: The KFDV belongs to genus Flavivirus and 
family Flaviviridae. The virus was identified for the 
first time in 1957, during investigations of a febrile 
illness affecting monkeys (including the species 
Semnopithecus entellus and Macaca radiata) and 
also humans14. KFDV is usually maintained in 
nature by enzootic cycles which occur between small 
mammals and ticks. Monkeys acquire the infection 
through bites of infected Haemaphysalis spinigera 
ticks, develop disease and pass on the infection to 
ticks that feed on them subsequently. In monkeys, 
the illness manifests as a severe febrile illness. Ticks 
dropping off from the bodies of monkeys that die 
of the illness create hotspots of infection which 
further spread the virus. Since 1957, the disease 
has occurred in sporadic and epidemic form in 
many parts of Karnataka State in India. However, 
since 2012, KFD infections (involving monkeys 
and humans) have also been reported from States 
of Kerala, Tamil Nadu, Goa and Maharashtra29. 
With widespread distribution across the Western 
Ghats, KFDV has emerged as an important disease 
of public health importance in the past few years91,92 
(Fig. 3). After an incubation period of 3-8 days 
following the tick bite, the illness manifests with 
high-grade fever with or without chills, frontal 
headache and body ache, lasting for 5-12 days. 
The CFR is generally around 3-5 per cent and the 
convalescence is often prolonged. In some infected 
individuals, the illness is biphasic, starting after a 
febrile period of 1-2 wk. The fever mostly lasts from 
2 to 12 days and is mainly started with headache 
and CNS manifestations are usually apparent. 
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Neck stiffness, psychological disturbances, coarse 
tremors, giddiness and abnormalities in reflexes are 
often noted.

  Laboratory diagnosis generally relies on the 
detection of KFDV RNA in serum/blood samples 
by conventional RT-PCR or qRT-PCR. ELISA tests 
are also used to diagnose KFDV-specific IgM and 
IgG antibodies. Isolation and propagation of KFDV 
require a BSL-4 laboratory. A formalin-inactivated, 
chick embryo fibroblast-derived KFD vaccine is 
currently employed for prophylaxis in the affected 
areas. The vaccine was found to be immunogenic, 
safe and potent. However, no specific treatment 

is available for KFD till date and management is 
mostly supportive93.

(iii) Rift valley fever (RVF) virus: RVF belongs to 
genus Phlebovirus. First time, this virus was 
identified in 1931 during an investigation of an 
epidemic amongst the sheep farm in the Rift Valley 
of Kenya94 . Since then, many outbreaks have been 
reported in Sub-Saharan Africa. RVF is primarily a 
disease for animals with zoonotic potential to cause 
infection in humans. It is transmitted to humans 
either through contact of blood or fluids of infected 
animals as well as bite from infected mosquitoes 
(Aedes or Culex species). Till date, human is 

Fig. 3. Kyasanur forest disease positivity in human, ticks and monkeys recorded in different States of India during recent past. Source: Ref. 92. 
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considered as dead end and no human-to-human 
transmission is reported in RVF. This disease is 
known in two forms: mild and severe. Incubation 
period is 2-6 days. Milder form generally presents 
with flu-like symptoms, fever, myalgia, arthralgia, 
vomiting, malaise, etc95.

  Majority of cases are relatively mild; still a 
small percentage of patients develop severe forms of 
disease including: ocular (eye) disease (in 0.5-2%) 
with blurred vision, lesions in eyes involving 
macula leading to loss of vision. These symptoms 
start after 1-3 wk of initial mild symptoms; 
meningoencephalitis form (in less than 1%) that 
usually occurs after 1-4 wk of onset of initial 
RFV symptoms presenting with severe headache, 
memory loss, disorientation, lethargy, convulsions, 
hallucinations leading to coma and neurological 
complications; and haemorrhagic fever form 
(in <1%) in whom haemorrhagic symptoms 
generally appear 2-4 days after disease onset. 
Bleeding manifestation includes haematemesis, 
melaena, purpuric rash or ecchymosis, bleeding in 
gums, epistaxis, menorrhagia and bleeding from 
venepuncture site. CFR in bleeding cases is almost 
50 per cent95.

  Laboratory diagnosis is mainly through 
qRT-PCR and IgM ELISA assay. Till date, there 
is no specific vaccine or drug available for RVF 
treatment.

(iv) Yellow fever (YF) virus: YF is a viral haemorrhagic 
fever disease transmitted by infected Aedes 
mosquitoes and the virus belongs to family 
Filoviridae. This disease is endemic in tropical 
areas of Africa and Central and South America. 
YF presents with acute-onset jaundice with 
constitutional symptoms such as fever, headache, 
myalgia, nausea, vomiting and fatigue. The cases 
with severe symptoms may land up in liver and 
multi-organ failure and CFR may be up to 50 per 
cent in such cases96.

  Laboratory diagnosis is mainly through qRT-
PCR and IgM ELISA assay. Plaque reduction 
neutralization test (PRNT) may be needed due 
to cross-reactivity with other flaviviruses. An 
extremely effective vaccine is available against 
YF. A single dose of YF vaccine is sufficient to 
provide life-long immunity within 10 days after 
vaccination (80-100% effective) while 99 per 
cent immunity within 30 days. A booster dose of 
the vaccine is not needed. There is currently no 

specific anti-viral drug available for the treatment 
of YF, and hence, vaccination against YF is 
mainstay of prevention96.

Gastroenteritis viruses

(i) Rotavirus: Rotavirus is double-stranded RNA virus 
belonging to the family Reoviridae. It is one of the 
major causes of severe and dehydrating diarrhoea 
amongst children aged less than five years. In India, 
rotavirus is responsible for almost 22 per cent 
deaths, 30 per cent hospitalizations and 8.3 per cent 
outpatient visits each year30. Two rotavirus vaccines, 
namely Rotarix and RotaTeq, have been licensed for 
prophylaxis of rotavirus diarrhoea. The WHO has 
recommended both these vaccines to be included 
in childhood immunization programmes97. A 
study conducted in Pune highlighted the burden of 
rotavirus disease and changing profile of circulating 
rotavirus strains, highlighting the emergence of 
G9P(4) re-assortant strains98. Surveillance of 
rotaviral infections will help in early identification 
of the rare and emerging strains of rotaviruses. 
Thus, monitoring of rotavirus disease and strains is 
essential to assess the impact of rotavirus vaccines 
and circulating rotavirus strains in the country.

(ii) Sapovirus: Sapovirus is responsible for acute 
gastroenteritis (AGE) in humans as well as animals. 
These are of public health importance due to 
sporadic outbreaks reported in people of all age 
groups worldwide. In 1976, in the United Kingdom 
(UK), sapovirus particles were discovered in human 
stool samples for the first time99 and eventually 
identified as a new gastroenteritis pathogen due to 
its worldwide distribution100. Sapovirus belongs 
to the genus Sapovirus of family Caliciviridae. 
There are 14 genogroups of sapoviruses. The four 
genogroups of human sapovirus infection are 
GI, GII, GIV and GV. GIV1 strains are detected 
and reported from Canada, Japan, United States, 
Europe in 200731. The first detection of sapovirus 
in India was in 2000 from Vellore101. During the 
investigation of a food-borne outbreak in Delhi, 
Norovirus (NoV) belonging to GII genogroup was 
identified102. During a paediatric gastroenteritis 
outbreak investigation in Vellore in south India 
in 2007, sapovirus infections accounted for 16.7 
per cent of cases103. In India, sapovirus has also 
been detected in asymptomatic children. It seems 
probable that sapovirus infections might contribute 
significantly to the burden of diarrhoeal diseases in 
India. Limited information exists on the sequence 
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diversity of sapoviruses in India, and molecular 
epidemiological studies need to be performed to 
understand the dynamics of sapovirus infections 
in the country.

(iii) Novovirus: NoV is RNA virus of the family 
Caliciviridae. Human NoV, erst Norwalk virus, 
was first detected in the stool specimen of a 
gastroenteritis outbreak in Norwalk. It was the 
first viral agent reported as a cause of AGE104. 
These are the leading cause for AGE outbreaks 
reported amongst all the age groups worldwide after 
rotavirus32,105. There are five genotypes of NoV (GI-
GV), of which GI, GII and GIV are responsible for 
human AGE cases. NoV was reported amongst AGE 
cases in western India106. NoV positivity was found 
to be 6.3-12.6 per cent with a prominence of GII 
genotype (96.6%)107, suggesting it to be the second 
most common cause of non-bacterial gastroenteritis 
after rotavirus in western India. Of the 59 human 
Caliciviridae strains from India, 61 per cent were 
NoV with predominance of GII genotype (15%), 
which were detected using two-step multiplex RT-
PCR108. In India, NoV infections are common cause 
of childhood AGE cases. The replacement of strains 
had made a cautionary and pointed out the need for 
strain-specific vaccines.

Acute febrile illness (AFI) and acute-undifferentiated 
fever (AUF)

Increasing number of cases of febrile illnesses, in 
which a definitive aetiology is not detectable, leading to 
their classification as fever of unknown origin (FUO), 
has been a concern in the tropical countries. Locally 
endemic infections such as malaria, dengue, leptospirosis, 
rickettsial infections, Japanese encephalitis33 and 
influenza could probably be responsible for AUF cases. 
Unavailability of diagnostic facilities, challenges in 
collection, transport and testing of the right type of 
specimen(s) at the right time often impact accurate 
laboratory diagnosis of these conditions. Bacteriological 
tests often reveal infections with Salmonella sp., 
Leptospira sp., Escherichia coli and Staphylococcus 
aureus also as the underlying cause of FUO. Despite a 
battery of tests for a variety of pathogens, an aetiological 
agent is often not detected in as much as one-third to 
one-fourth of patients with FUO109.

Acute encephalitis syndrome (AES) and acute 
encephalopathy

(i) Nipah virus (NiV) disease: For the first time, NiV 
was identified during an outbreak of acute febrile 

encephalitis cases amongst pig handlers that occurred 
in Kampung Sungai Nipah, Malaysia, in 1998110. NiV, 
along with Hendra virus, belongs to the Henipavirus 
and is a pathogenic paramyxovirus which causes 
acute-onset encephalitis, leading to deaths in humans. 
The reservoir for NiV is known to be Pteropus bats 
(flying foxes) and transmission to humans usually 
occurs through contact of positive NiV cases 
through their infectious secretions or an intermediate 
animal host such as pigs. Human-to-human spread 
of the virus has also been described110. Outbreaks 
of NiV in pigs have been reported from Malaysia 
and Singapore. Subsequently, human disease has 
been reported from Malaysia, Singapore, India and 
Bangladesh110. Evidence of the virus without clinical 
disease has also been found in fruit bats in Cambodia, 
Thailand and Madagascar. The outbreaks of human 
cases of NiV have been reported in Siliguri (2001) 
and Nadia (2007) districts of West Bengal111. A focal 
outbreak that led to 18 laboratory-confirmed cases 
and amongst them 16 deaths in Kozhikode and 
Malappuram districts of Kerala State in south India 
in May 2018 has been the latest report of this deadly 
disease112.

  NiV disease in human has average incubation 
period of 4-14 days with maximum incubation 
period of 21 days. The virus causes multi-organ 
vasculitis and the pathology is seen mostly in the 
CNS and the respiratory system. The virus causes 
acute febrile encephalitis with symptoms including 
fever, headache, drowsiness, dizziness and coma. 
Thrombocytopenia, leucopenia and elevated 
aspartate aminotransferase and alanine transaminase 
levels have also been reported from NiV-infected 
cases. NiV infection in pigs is known as porcine 
respiratory and encephalitis syndrome and barking 
pig syndrome. Infections by NiV in humans and 
animals are confirmed by virus isolation, RNA 
as well as anti-Nipah IgM and IgG antibodies 
detection. BSL-4 facilities are mandatory for 
isolation as well as virus propagation. There are no 
vaccines available for NiV for human use. Studies in 
small-animal models of NiV infection suggest that 
monoclonal antibodies therapy may be promising113.

  The circulation of NiV has been confirmed 
in Pteropus giganteus bat populations of West 
Bengal and Assam States of India34 (Fig. 4). Large 
colonies/roosts of this bat species were observed 
in proximity of human settlements. This indicated 
that the north-eastern region of India could be one 
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of the hot spots for spillover of NiV infection from 
bat to human population.

(ii) Thottapalayam virus (TPMV): In India, TPMV 
was isolated for the first time from the Asian house 
shrew (Suncus murinus) from Vellore, in 1964114. 
TPMV belongs to the family Hantaviridae and the 
genus Orthohantavirus. Serological and electron 
microscopic studies confirmed its resemblance to 
Hantaviruses (HTNV). The house shrew naturally 
harbours this virus. It is known to cause transient 
viraemia with shedding of virus from oropharyngeal 
secretions of the house shrew. Delayed excretion and 
presence of virus in urine, faeces and persistence in 
tissues, particularly lung, have also been recorded. 

(iii) Lymphocytic choriomeningitis virus (LCMV): 
LCMV is a rodent-borne disease that causes a wide 
range of human infections from meningoencephalitis 
to congenital birth defects. It is also known to cause 
severe disseminated illness reported from organ 
transplant immunocompromised patients35. Isolation 
of this virus was done from cerebrospinal fluid 
(CSF) of a menigoencephalitis case in 1933 for 
the first time115. In 1955, first congenital LCMV 
was reported in England following which multiple 
cases were reported throughout Europe and the 
United States116. In pregnancy, LCMV may cause 
foetal death or induce/spontaneous abortion and 
the surviving foetuses can be visually impaired 
or with brain dysfunction117. Rodents, especially 
house mouse, are the main reservoirs of LCMV 
and exposure to their secretions, and excreta leads 

to transmission to humans. Congenital LCMV does 
not occur unless pregnant women contracts with 
primary LCMV infection during pregnancy35.

  In India, the incidence of LCMV was observed 
to be 0.76 per cent in mice. The presence of 
LCMV in rat and mice of southern and north India 
was analyzed and found to be 2.85 per cent117,118. 
Extensive surveys need to be done in the areas 
of the country, showing abundance of rodents to 
understand circulation of LCMV and to assess its 
epidemic potential.

(iv) Human parvovirus-4 (PARV4): It is a single-stranded 
DNA virus, first identified in 2005 from a 
hepatitis-B-positive patient who was intravenous 
drug user (IDU)119. PARV4 belongs to family 
Parvoviridae. The other viruses of significance in 
this family are parvovirus B19, human bocaviruses 
1-4 and adeno-associated viruses 1-536. There are 
three genotypes of PARV4. Among these, genotypes 
1 and 2 are predominantly found in Europe, North 
America as well as Asia, while genotype 3 is 
found mainly in Africa. PARV4 infection and its 
widespread presence in diverse tissue samples have 
been recently detected120. Transmission of PARV4 
to humans occurs amongst IDU and is strongly 
linked to acquisition of both HCV and HIV infection 
as reported in Europe and North America36. The 
presence of PARV4 in two per cent plasma samples 
from voluntary blood donors has been reported 
from North America121. These viruses were found 
resistant to traditional methods for viral inactivation 
employed mainly for plasma-derived products. A 
high prevalence of PARV4 infection (35%) among 
those with HIV infection (with or without HCV 
co-infection) has been reported from Iran122. High 
PARV4 levels were observed in CSF in children 
suspected to have encephalitis from southern India 
suggesting an acute infection123. The incidence of 
PARV4 in humans in India is limited, thus, the 
clinical significance of PARV4 remains unclear.

(v) Human cytomegalovirus (CMV): CMV, also known 
as human herpesvirus-5, is a highly host-specific 
virus belonging to Herpesviridae family37. In 1956, 
CMV was isolated by Smith124 from submaxillary 
gland of a dead infant for the first time. The virus 
is of public health importance as it is known to 
responsible for high morbidity and mortality 
in new-borns as well as immunocompromised 
patients. It is probably one of the most common 
infections amongst healthy individual characterized 

Fig. 4. Geographic location of bat collection (indicated by arrows) 
and Tioman virus positivity in Pteropus giganteus bat (indicated by 
black dot), North-East India. Source: Adapted from Ref. 34.
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by a self-limiting infection. Besides contact 
with seropositive mothers (passage through 
genital tract, breast milk, etc.), blood transfusion 
is also known as one of the most important 
mode of perinatal/post-natal spread of CMV to 
neonates. Distribution of CMV is seen globally and 
predominantly in developing countries125.

  Foetus can be infected after a primary or a 
recurrent infection in pregnant women. Infections 
in utero are associated with intrauterine death or 
congenital foetal abnormalities and intrauterine 
growth retardation along with developmental delays, 
blindness and deafness as sequelae126,127. Infections 
are usually subclinical and can be confirmed only 
by laboratory testing. CMV is a common congenital 
infection worldwide with estimated incidence of 
0.2-2.2 per cent and seroprevalence of 45-100 per 
cent128. Seroprevalence in India is about 80-90 per 
cent129. In a recent seroprevalence study in western 
India, 83 per cent seropositivity for CMV IgG and 
9.46 per cent seropositivity for CMV IgM have 
been observed in antenatal women129. In India, 
due to scarcity of data regarding birth defects, 
it is difficult to extrapolate the true incidence of 
recurrent CMV. 

(vi) CHPV: CHPV is a single-stranded, negative 
sense, RNA arbovirus of the genus Vesiculovirus 
and family Rhabdoviridae. CHPV was first 
discovered by Bhatt and Rodrigues130 in 1966 during 
investigations of febrile illness in Chandipura 
region of Maharashtra. Epidemics of CHPV-
associated AES were reported in young children 
from Andhra Pradesh, Gujarat and Nagpur38. Apart 
from India, CHPV is prevalent in West Africa since 
1975, which had been isolated from hedgehog and 
phlebotomine sand flies131. Phlebotomine sand 
flies are the main vectors for CHPV transmission. 
CHPV is also known to infect mosquitoes, mainly 
Ae. aegypti; it survives in the salivary gland of 
the mosquito for 4-5 days and is then transmitted 
to other vertebrates. Adults are unaffected by 
CHPV, while CFRs in infected children can range 
from 56 to 75 per cent. Despite the progress made 
in understanding the virus and development of 
diagnostics, antivirals and control strategies, 
CHPV is a known public health problem in certain 
parts of Maharashtra and in Andhra Pradesh132. 
Although the case fatality rates could be reduced, 
a substantial section of population in these regions 
remains at risk. The factors responsible for the 

amplification of this virus in natural reservoirs 
need to be investigated in detail.

Other emerging and re-emerging viruses

(i) Severe fever with thrombocytopenia syndrome 
virus (SFTSV): SFTSV is a tick-borne virus 
and belongs to the genus Phlebovirus and 
family Bunyaviridae (Fig. 5) reported from 
China, Japan and South Korea133,134. The clinical 
spectrum of illness associated with this virus 
includes fever, thrombocytopenia, leucocytopenia, 
gastrointestinal and muscular symptoms, 
neurological abnormalities, coagulopathy and 
haemophagocytic syndrome. SFTSV has been 
detected in Haemaphysalis ticks134; however, this 
virus has also been detected in bats135; hence, it 
is difficult to comment upon the likely vectors 
for its transmission to humans or other animals. 
The seroprevalence of SFTV is reported from 
domesticated animals, including sheep, goats, 
cattle, pigs, dogs and chickens136.

(ii) Malsoor virus: Malsoor virus is a novel phlebovirus, 
belonging to family Phenuiviridae. It was isolated 
from bats in India and found phylogenetically 
related to SFTSV135. The potential of Malsoor virus 
to cause disease in humans remains unknown. In 
India, bats often live near human habitats and the 
potential spillover of viral pathogens from them to 
humans is a matter of concern.

(iii) Chobar Gorge virus (CGV): The tick-borne Orbivirus 
species which includes Chenuda virus, CGV, Wad 
Medani virus and Great Island virus39. CGV was 
isolated from Ornithodoros spp136. CGV is divided 
into two serotypes: serotype-1 from ticks collected 
from a limestone cave in Nepal while Fomede virus 
(FV) was isolated from bat species in caves in Guinea 
in 1978. Serological evidence was found in horses, 
sheep, cattle, buffalo and humans137. The virus has 
a genomic structure similar to the other tick-borne 
orbiviruses and consists of seven structural and three 
non-structural proteins. However, no human disease 
has been attributed to it so far39.

(iv) Equine encephalosis virus (EEV): EEV is an 
arthropod-borne Orbivirus (Family Reoviridae) and 
causes febrile non-contagious disease in equids138. In 
1967, EEV was isolated from horses in South Africa 
for the first time. The infection presents as an acute 
illness involving lack of appetite and oedema40. The 
disease results in 60-70 per cent morbidity in equids, 
but deaths are rare139. Two species of the midges 
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belonging to Culicoides species are known to be 
the vectors for EEV138. Recently, complete genome 
of EEV has been obtained from a dead horse from 
India with next-generation sequencing methods, 
thus confirming its presence in the country41.

(v) Buffalopox virus (BPXV) from human and buffaloes 
in India: Poxviruses are the largest and complex viruses 
belonging to genus Orthopoxvirus (OPXV) under the 
subfamily Chordopoxvirinae (infecting vertebrates) 
of poxviruses140. The OPXVs include variola virus 
(VARV), vaccinia virus (VACV), monkeypox virus, 
cowpox virus (CPXV), camelpox virus (CMLV), 
horse pox virus, rabbitpox virus, buffalopox virus, 
Cantagalo virus and Aracatuba viruses. OPXV 
genomes typically measure about 200 Kb and contain 
conserved coding regions in centre essential for 
viral replication as well as for virus assembly with 
variable terminal ends which determine host range 
and pathogenicity141. All OPXVs are immunologically 
related to each other, causing cross-reactivity and 
cross-protection142. The practice of vaccination with 
VACV began in the 20th century, and in 1979, human 
smallpox (VARV) was successfully eradicated143.

  BPXV is a double-stranded, enveloped DNA 
virus in the genus OPXV and family Poxviridae42. 
BPX is a highly contagious and one of the known 
and important zoonotic viral disease144 affecting 
humans and livestock species such as buffaloes and 
cow. This disease causes considerable financial loss 
to the dairy industry in terms of reduction in milk 
production and draught capacity145. In buffaloes 
and cows, this disease affects udder, teats, inguinal 
region, ears and eyes, and in the generalized 
form, it affects the hindquarters146. In humans, 
the disease is characterized by erythematous 
pocks on arms, face and neck, along with fever, 
axillary lymphadenopathy and malaise147. Till date, 
BPX has been reported frequently from different 
States of India as well as in Pakistan, Bangladesh, 
Nepal, Indonesia and Egypt147. The first report of 
a zoonotic human case of BPX was reported in 
1934148. Nosocomial infection of BPXV in human 
beings has also been reported in Pakistan149.

Despite the successful smallpox eradication 
programme, a possibility exists that VARV and 
VACV-related viruses may re-emerge in human and 

Fig. 5. Place of first isolation of Bunyaviruses in India. Source: Adapted from Ref. 46.
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animal population, posing a public health threat. 
Hence, a deeper understanding of the evolutionary 
biology and host specificity of OPXVs becomes 
important. Measures for prevention of BPX warrant 
high priority, considering its increasing incidence, the 
potential economic loss to the dairy sector as well as 
the zoonotic impact on humans. 

Conclusion

India, being a country of extreme geo-climatic 
diversity, faces a constant threat of emerging and re-
emerging viral infections of public health importance 
(Tables I and II). There is a need for strengthening 
disease surveillance in the country focusing on the 
epidemiology and disease burden. There is also a 
pressing need to gain detailed insights into disease 
biomics, including vector biology and environmental 
factors influencing the diseases. It is also important 
to strengthen the emergency preparedness for these 
diseases and response by focusing on ‘one health’ 
approach.
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Table II. Known future threat of emerging viral infections in India
Virus Probable/mode of transmission Outbreak 

potential
Biosafety-risk 

group
MERS-CoV Air-borne Yes 3
Ebola virus Direct contact Yes 4
Avian influenza (H7N9) Direct contact 

Air-borne 
Rare, limited person-to-person spread

Yes 3

Avian influenza (H9N2) human infection China Direct contact 
Air-borne 
Rare limited person-to-person spread

Yes 3

Yellow fever virus Arthropod-borne Yes 2
Usutu virus-like-JE (mosquito-borne) Arthropod-borne Yes 2
Tilapia novel orthomyxo-like virus, causes hepatitis Indirect transmission by fomites Unknown Unknown
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