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Abstract

Severe Acute Respiratory Infection poses a significant threat to human health being a major cause of
morbidity and mortality. India has witnessed several outbreaks of different infectious etiologies in the
past. Among these, several new viral infections have been classified as emerging threat to humans. The
word emerging refers to infectious etiologies that have newly appeared in the community or are rapidly
increasing their range, corresponding to upsurge in the number of cases. Several different elements
can contribute to the emergence of a new virus disease that may cause epidemic or pandemic around
the globe. Containment of these viruses is difficult as most of them are of zoonotic origin. There is
no immunity in the community against these viruses leaving individuals vulnerable to the disease.
Factors such as socio-cultural, ecological along with human animal interphase creates challenges with
respect to the emergence of these viral diseases. The major emerging viral infections of public health
importance with respect to severe acute respiratory infection in India has been reviewed in this article.
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INTRODUCTION

Severe acute respiratory infections (SARI)
is defined as an acute respiratory illness presenting
with fever > 38°C, cough and shortness of breath
in the past 10 days requiring hospitalization®. The
potential viral pathogens of SARI include seasonal
A and B influenza viruses, the new influenza A
(HIN1) pdmO09 virus strain, human rhinovirus
(HRV), human metapneumovirus (HMPV), human
adenovirus (HAdV), human parainfluenza viruses
(HPIV), respiratory syncytial virus (RSV), human
bocavirus (HBoV), enteroviruses and human
coronaviruses (HCoVs). Children are prone to get
infected with lower respiratory tract infections
caused by viruses®. These viruses have substantially
seen to affect elderly and immunocompromised
individuals. In most cases, respiratory viral
infections are self-limiting and confined to the
upper airways, where they evoke relatively mild
symptoms such as sneezing and a runny nose>.
However, in susceptible individuals, such as
newborns and the elderly, the symptoms can
impact on the lower airways, resulting in wheeze,
shortness of breath, bronchiolitis or pneumonia“.
The increasingly growing field of molecular
diagnostics helps in better understanding of
global circulation patterns of respiratory viruses
worldwide®. Although the pattern of respiratory
viruses circulating in the community can be
predicted based on their predisposition to specific
season® there viruses which may be identified
outside their normal seasonal pattern of infection.
The similarity in clinical presentation of SARI makes
it difficult to identify the underlying cause until
a laboratory testing is performed. Therefore in
such cases patients are subjected to presumptive
treatment’. In majority of the centers in India SARI
is treated empirically and with supportive therapy
due to limited access of laboratory facilities to
diagnose the infection. Acute respiratory infections
remain one of the leading public health concerns
causing high morbidity and mortality specially
in low- and middle-income countries where the
diagnosis can be challenging. A few of the viruses
have caused outbreaks in the recent past and
are of global health concern. Similar clinical signs
and symptoms are caused by various respiratory
viral pathogens; hence, rapid simultaneous
identification of different viruses is of major
epidemiological and clinical interest. The past

outbreaks of the respiratory viruses were itself
anindication of their evolving nature. The current
review brings in light the evolving epidemiology
of the respiratory viruses and their importance in
accordance with the Indian perspective.
Changing epidemiology of SARI

Since 1963, World Health Organization
has been instrumental in estimating the actual
burden of SARI in the midst of evolution of
communicable diseases. A study published in 1978
showed the changes that occurred in 1957/1958
and 1967/1968 in 32 countries at different stages
of development-i.e., highly developed, less highly
developed, and developing®. The mortality rates
in the group of highly developed countries were
58.6 and 60.3 per 100 000 population in the
year 1957/1958 and 1967/1968, respectively. In
the less highly developed countries, mortality
rates attained 83.6 and 62.1 respectively, and in
the developing countries they were as high as
169.4 and per 100000 population, respectively.
Since 1963 WHO has organised a system for the
collection and dissemination of laboratory and
epidemiological information on viral diseases. A
study on Global burden of diseases estimated the
annual death attributed to major causes of lower
respiratory tract infections (S. pneumoniae, Hib,
influenza, and RSV)°. In children younger than 5
years acute respiratory infections caused 13.1%
of all deaths worldwide. Whereas a mortality of
4.4 % was documented in people of all ages. The
same study also reported that India accounts for
one third of the death due to lower respiratory
infections majorly diagnosed in children younger
than 5 years.
Seasonal and Pandemic Influenza

Influenza viruses belong to the family
“Orthomyxoviridae”, an RNA virus which presents
with varied antigenic characters. The three main
types of Influenza virus reported till date are type
A, B, and C. Type A and B have been responsible
for most of the epidemics and outbreak caused
till date by influenza virus. In the last century
influenza virus has causes epidemics related to
Acute Respiratory Infections (ARI) in every 1-4
years. The first epidemic was documented in early
1694%. The Spanish flu was one of the greatest
pandemics that occurred during 1918 killing more
than 21 million people worldwide'!. Emergence
of a novel influenza A (HIN1) (swine origin) virus
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with a combination of new gene segments was
reported in 2009 and the pandemic was declared
to be over by WHO in 2010%. A cumulative data
from 17™ February 2020 to 01 March 2020 was
reported to WHO from 111 countries, areas, or
territories. During this time, the WHO (Global
Influenza Surveillance and Response System)
laboratories tested 233445 specimens. Among
these samples, 62423 were positive for influenza
viruses, of which type A was documented in 42013
(67.3%) cases and 20410 (32.7%) were influenza B.
Of the sub-typed influenza, A viruses, accounted
for 7348 (74.5%) were influenza A(HIN1) pdm09
and 2516 (25.5%) were influenza A(H3N2). Of the
characterized B viruses, B-Victoria lineage was
foundin 1574 (98.9%) whereas 18 (1.1%) belonged
to the B-Yamagata lineage.

Influenza A virus has the ability to undergo
changes in its surface antigens leading to events
called “antigenic shifts” (major changes) and
“antigenic drifts” (minor changes). Antigenic shifts
lead to epidemics and pandemics of influenza
A, whereas antigenic drifts have been related to
localized outbreaks. These are the major concerns
of influenza epidemic and to create target vaccines
against the pathogen.

Influenza commonly affects young
individuals; however, the mortality and morbidity
are observed among individuals with extreme of
ages and individuals affected with definite high-
risk medical conditions such as cardiovascular
diseases and diabetes mellitus®*. A systematic
review and metanalysis reported individuals with
diabetes mellitus to be at 2.21 times at higher risk
of death®. The transmission of influenza virus is
through droplet nuclei (larger than 5u) released
from individuals infected with the virus?®. Close
contact is usually required for acquiring infection
due to the large size of the infectious droplets.
The disease shows an acute onset of symptoms
following a short incubation of 1-2 days fever
headache and malaise accompanied by sore
throat and dry cough. The uncomplicated infection
may last for 4 to 8 days and eventually subsides.
At several instances’ influenza can present as
pneumonia which may be due to primary influenza
virus or caused due to secondary bacterial and
viral infections. The clinical manifestations and
seasonal outbreak are key signs for early diagnosis
of influenza. In complicated cases the diagnosis of

influenza requires laboratory confirmation using
available tests such as nucleic acid detection or
rapid diagnosis kits.
Influenza in India: what the country needs?
The major outbreak of influenza in
India during the post pandemic period was in
2015 reporting 42,592 cases and 2990 deaths.
The influenza surveillance conducted from 2009
to 2013 reported 6,193 (14.0%) of SARI to be
positive for influenza virus?’. The interesting
finding of the study was that despite a varied
range of environmental and latitudinal variability
across India there were two major patterns
of influenza circulating in the country. The
seasonality and transmission of the influenza virus
has been associated with seasonal fluctuations
in the environment and social factors®. This
has an implementation on strategizing vaccine
formulation and correct time best suited for these
regions. A modelling study estimating mortality
associated with global seasonal influenza predicted
a median annual associated mortality of 148105
for low and middle-income countries®®. From the
current data it is well estimated that influenza is
a growing health care problem in India. The types
and subtypes of strains circulating in the country
and the seasonality of annual outbreaks are also
known'. However, there is a paucity in data with
respect to the severity of the disease and its sub
classification with respect to hospital admissions
and deaths, especially among the high-risk groups.
Identifying the burden of influenza among these
individual groups will further help to conduct cost
effective vaccine trials. During the 2009 pandemic
1.5 million doses of vaccine were imported by
the government for vaccination among high risk
groups, however the acceptance and utilization
of these vaccine were not very satisfactory?®2.
Despite all the efforts, India recorded 38,730
cases and 2024 deaths by the end of 2009%.
This clearly highlights the lack of awareness
prioritizing the need for information, education
and communication programmes targeting
the general public and health care workers.
Additionally, the government should bring in
programmes for mandatory vaccination of health
care workers who are at highest risk of acquiring
the infection. Given the widespread presence
of influenza virus in nature, the probability of
emergence of a modified influenza virus with a
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high rate of transmissibility among humans might
evolve. Uncertainty lies in how India perceive this
threat and take action.
Severe acute respiratory syndrome (SARS): the
2002 epidemic

Severe acute respiratory syndrome (SARS)
originated in Southern China in November 2002
caused by a novel coronavirus belonging to the
Nidovirales order positive-strand RNA viruses)
which had spread rapidly around the globe mostly
affecting the Asian countries. By the end of the
epidemic 8422 individuals were affected by the
disease with 916 reported deaths (11% case
fatality)?’. The disease was associated with serious
respiratory symptoms, leading to pneumoniaZ.
The origin of SARS- CoV and its potential vector
still remains unknown, however genetic studies
provide evidence supporting zoonotic origin of the
virus®. Interestingly genetically and antigenically
similar viruses were isolated from different
animal sources in China®’. The novel coronavirus
was different from other coronaviruses reported
previously showing a variation among the
structural proteins (S, E, M, and N)3.. First case
of SARS was reported from India in April 2003 in
an individual with travel history to Singapore and
Hong Kong. There were only 3 probable case of
SARS reported from India during the 2002-2003
epidemic. Till date there are no confirmatory test
for SARS available and PCR test is not validated.
As with other viral diseases there is no cure for
SARS and to date there are no vaccines available.
SARS epidemic was the first infectious disease
of the 21st century which newly emerged as a
cause of human illness. During the epidemic it
was observed that the advanced technologies
of the 21st century played a relatively small role
in combating the outbreak and the conventional
methods of isolation and hygiene practices proved
to be more helpful in combating the disease.
The absence of new clinical cases suggested that
SARS-CoV is no longer present in the population;
however, the possibility of clinically “silent”
infections or virus carriers in the environment
could not be ruled out completely. The outbreak
of SARS demonstrates the importance of an
emerging infection which can have a considerable
impact on economy of the world. Although the
impact of SARS 2002 epidemic was not much on

India but it stimulated an emergency response for
preparedness of an emerging and epidemic prone
disease in near future.
Middle East respiratory syndrome (MERS)
coronavirus

From 2012 to 2019, 2442 MERS-CoV
cases were reported from 27 countries with an
estimated death of 84232, Majority of the cases
are reported from Africa, the Middle East, and
southern Asia where virus is reported to be present
in dromedary camels. The spread of “MERS-CoV”
infection from human to human has been found
among the family members and health care
workers. The disease presents with typical signs
of pneumonia with incubation ranging from 2-14
days. Severe symptoms are observed among
immunocompromised, elderly and individuals with
underlying comorbidities®®. A real time reverse
transcriptase PCR was developed by Centers for
Disease Control and recommended for detecting
MERS-CoV from clinical samples®*. The disease
is known to have a zoonotic origin where in
the presence of identical sequences of isolates
recovered from a patient and from camel was
documented®. Despite of this the transmission
dynamics of the virus from the zoonotic origin
to humans is not well explored. There is no
specific treatment or vaccines for MERS CoV. The
emergence of MERS CoV was a reminder of 2002
SARS epidemic. Both were due to coronavirus and
are thought to be originated from animal sources.
The difference lies in their cellular selection for
infection. SARS-CoV uses angiotensin-converting
enzyme 2 as receptor in the host, whereas MERS-
CoV recognizes cluster of differentiation 263%%,

The global threat of MERS has reduced
over time, this was achieved by understanding
the knowledge gaps with regard to the spread
of the diseases, having an enhanced surveillance
and early case detection. The early outbreaks
were controlled by proper infection prevention
strategies maintained at hospitals and community.
In view of international movement between India
and Midlle East countries there is always a high
risk of a individual bringing in the disease to India.
If a MERS CoV infected individual arrives in the
country would the nation be able to encompass
the infection. Was the MERS-CoV outbreak an
alarm to a bigger upcoming threat?
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SARS-CoV-2 the pandemic of coronavirus disease
2019 (COVID-19)

The SARS-CoV 2 belonging to the
coronaviruses family is the etiology behind the
ongoing outbreak of coronavirus disease 2019
(COVID-19). COVID-19 was first reported in Wuhan,
in the Hubei province of China in December 2019.
What started as an outbreak in China soon spread
across the world. As of September 2020 there have
been 33 million confirmed cases in 213 countries,
with 996000 reported deaths. Epidemiology of
SARS CoV 2 in different states of India is depicted
below (Table 2). Individuals infected with the
disease commonly present with fever and cough
which might progress to pneumonia. Similar to
SARS and MERS the severity of the disease is
majorly observed among elderly and individuals
with underlying comorbid conditions. The SARS
CoV-2 has shown 88% sequence similarity to
coronaviruses found in bats which indicates its
zoonotic origin. The virus has 70% identity to SARS
coronavirus whereas it showed only 50% identity
with MERS coronavirus®. The virus shows a high
rate of transmissibility that can be attributed to the
fact that S protein of SARS CoV-2 can bind human
ACE2 receptor with 10-20 folds higher affinity**
compared to SARS CoV. There is an uncertainty
regarding the crude fatality rate of the disease
but it is assumed to be as high as 1-2% of all
infections*’. For emerging infectious diseases, the
case fatality ratio is an important indicator not only
of the disease severity but also for its significance
as a public health concern. Despite of the lower-
case fatality compared with other respiratory
viruses COVID-19 has spread more rapidly.

Structural modelling of SARS CoV-2 identified
factors which makes this virus more infectious than
other coronaviruses. Coronavirus uses a ‘spike’
protein to bind to human cell membrane, this
process is activated by specific enzymes found in
lots of human tissues®. This explains some of the
symptoms in individuals affected with coronavirus
involving organs other than the lungs. Another
study from China observed an association between
the ABO blood type and COVID-19%. Studies have
reported that anti-A antibodies specifically inhibit
the adhesion of SARS CoV to ACE2 receptors. The
absence of these antibodies among individuals
with Blood Group A makes them more susceptible
to the disease. However, these results are
inconclusive due to lower patient numbers and
need further evaluation. In view of high mutation
rates coronaviruses are unpredictable and an in
depth understanding of its pathogenesis is the
current need of the hour. The current diagnosis
of the disease depends on reverse-transcription
polymerase chain reaction (RT-PCR), targeting the
E gene for screening and the RdRp gene for final
confirmation***®, However, Sometimes, RT-PCR
tends to give false-positive and false-negative
results*. Evidence from the previous SARS epidemic
reveal that serological responses, including virus-
specific immunoglobulin, immunoglobulin M,
and immunoglobulin G, can permit for serological
diagnosis*®. However serological tests have their
limitations in view of cross reactivity of antigens
used, reducing the specificity of the test. There is
no current evidence from randomized controlled
trials (RCTs) for recommending any specific
treatment for SARS-CoV-2 infection. There is no

Table 1. Comparison of three coronavirus diseases: SARS, MERS and COVID-9

SARS MERS COVID-19
Epicenter Guangdong province China Saudi Arabia Wuhan, China
Year of outbreak 2002-2004 2012 2019
Clinical Presentation SARI SARI SARI
No. of cases 8422 2442 33 million*
Fatality Rate 10.8% 34.5% 3.01%*
RO 2.2-3.6 0.7 2-6.47
Animal reservoirs Bats Dromedary camels Bats
Human receptors Angiotensin-converting Dipeptidyl peptidase- Angiotensin-converting
for the virus enzyme 2 4/ CD-26 enzyme 2
Treatment Not available Not available Not available

*Cases documented till September 2020
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Table 2. COVID-19 INDIA as on: 28 September 2020 (https://www.mohfw.gov.in/)

SI. No State Active Cases  Recovered Death
1 Andaman and Nicobar Islands 188 3553 53
2 Andhra Pradesh 64876 605090 5708
3 Arunachal Pradesh 2495 6495 14
4 Assam 29350 139980 655
5 Bihar 12827 164987 888
6 Chandigarh 2303 9103 147
7 Chhattisgarh 31661 72224 848
8 Dadra and Nagar Haveli 152 2848 2
and Daman and Diu
9 Delhi 29228 236651 5235
10 Goa 5097 26460 401
11 Gujarat 16633 113008 3416
12 Haryana 16485 105990 1307
13 Himachal Pradesh 3657 10359 175
14 Jammu and Kashmir 18199 52859 1132
15 Jharkhand 12433 66797 679
16 Karnataka 104743 462241 8582
17 Kerala 56786 117921 677
18 Ladakh 1013 3032 58
19 Madhya Pradesh 22431 97571 2207
20 Maharashtra 273646 1030015 35571
21 Manipur 2359 7876 64
22 Meghalaya 1480 3779 43
23 Mizoram 535 1373 0
24 Nagaland 1042 4888 16
25 Odisha 35006 173571 797
26 Puducherry 5239 20648 513
27 Punjab 18556 88312 3238
28 Rajasthan 19700 107718 1441
29 Sikkim 692 2146 33
30 Tamil Nadu 46341 525154 9313
31 Telengana 29673 156431 1107
32 Tripura 5689 18959 273
33 Uttarakhand 10799 35672 574
34 Uttar Pradesh 55603 325888 5594
35 West Bengal 25723 216921 4781
Total# 962640 5016520 95542

specific treatment recommended for COVID-19,
and the vaccines are still under development.
However, evaluation of several antiparasitic and
antiviral drugs are under trail but the response in
not conclusive. The current strategy again depends
on the basic infection control practices including
preventive strategies focusing on patientisolation,
hand hygiene, social distancing, respiratory
hygiene, use of mask, PPE and environmental
cleaning.
The Genetic Bottlenecks of RNA Viruses

The RNA viruses are said to evolve rapidly

and this phenomenon depends on three main
features: a) High mutation rates, b) population
dynamics (such as genetic drift due to mutation)
or c) by external disturbances (such as population
bottlenecks). In nature, the genetic bottlenecks
may be very frequent during the transmission
of many RNA viruses altering the severity of the
disease outbreaks. High mutations can occur due
to an error-prone RNA-dependent RNA polymerase
(without the proof-reading capability) during viral
replication of SARS-CoV-2. The error rate in RNA
viruses has a limited mutational tolerability, and
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a small increase in this rate can generate what is
known as mutational meltdown which can lead
to viral extinction. How true this theory holds for
SARS CoV 2 is yet to be discovered.
India’s preparedness for the global pandemic
Looking at the constant outbreaks of
emerging pathogens in the past and limited
capacity for rapid identification of such viruses,
the Department of Health Research (DHR)/Indian
Council of Medical Research (ICMR) took initiative
to establish 160 Virus Research & Diagnostic
Laboratories (VRDLs) across the country from
2012-2017. Currently 106 VRDL laboratories
have been established. These laboratories are
currently instrumental in diagnosing the case of
COVID-19 in the country. This already operational
platform was able to switch gears to provide
countrywide diagnosis for SARS-CoV-2 within a
month after discovery of this novel virus. Public
health interventions were adopted to control the
COVID-19 transmission in India. The most recent
laboratory surveillance data from ICMR showed
3.9% positivity among the tested samples from
January to April 2020%. There has been an upsurge
in cases documented from India and till end of
September more than fifty lakh individuals were
affected by this diseases in the country. Currently
there are 713986 total hospital beds available in
public health care set ups India, which amounts
to 0.55 beds per 1000 population*’. The number
of ICU beds available is also low, both in private
as well as public health care centers. According
to the estimates from other countries 7-10% of
COVID-19 cases may require critical care support
(48). Looking at the vast population of the country,
if the number of cases keep increasing there can
be a deficit in the health care system to manage
the disease.
Signs of evolution and indication to future threat
Emerging infections are defined as
infection that are rapidly increasing in incidence
or geographic range, including previously
unrecognized diseases such as that of SARS,
MERS and COVID-19. The adaptation of the
emerging viruses has driven the outbreak of
various infectious diseases in the past. Only two
human coronaviruses were well known to cause
mild illness in humans before the outbreak of SARS
in 2002, The epidemic of SARS and MERS flipped
the coin revealing how devastating these viruses

can be. The advent of SARS CoV-2 as a pandemic
has thrusted the potential of how devastating
the Human coronavirus is, which surprised us
with its high transmissibility rate affecting 180
countries and territories around the globe. The
zoonotic origins of human coronaviruses define
the viral adaptability leading to interspecies
transmission. A classic example of this is the
modification of SARS Co-V accessory protein
ORF8 which is absent in SARS-CoV related bat
viruses*. Numerous such evidences of mutation
and genetic recombination has been observed in
the viral evolution®. A variety of unknown zoonotic
coronaviruses are circulating in the wild. There are
plenty of occasions when these zoonotic viruses
might evolve and recombine, that might cause
the emergence of new infection which can be
highly transmissible and/or deadly in humans in
future. Reduction of unnecessary contact between
animals and humans is of utmost importance
to avoid the spillover of such viruses from their
natural reservoirs.
These emerging viruses are of key concern
and pose global threat due to the following:
1. The great diversity and capacity of rapid
evolution
2. Active transmission from animals to humans
3. Lack of immunity in the community against
these novel viruses
4. Rapid transmissibility
5. Socio-economic factors including health
inequalities within countries
6. Movements of people and goods
7. Potential biothreat

CONCLUSION

Control of emerging infectious diseases
require a national policy dedicated to early
detection, rapid response and plan of action.
The World Health Organization has made several
recommendations for such national responses
which are under implementation in India.
However, looking at a large population of the
country emerging infections like COVID-19 poses
a great threat. A meaningful response approach
to the problem at the systems level is the need
of the hour. The main emphasis should be on
strengthening the surveillance, partnership
building and research guiding public policies in
the near future.
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