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Abstract
The pathogens including viruses, parasites and other microbes, are known to emerge and evolve since thousands of the years 
ago. Viruses are potent infectious agents causing numerous life-threatening diseases in human beings and co-evolved with 
human evolution. Emerging viruses, especially the RNA viruses are more pathogenic because there is no herd immunity 
for most humans. The RNA viruses have capabilities to adapt to the rapidly changing global and local environment due to 
the high error rate of their polymerases that replicate their genomes. They achieve the high evolution rate though through 
mutation (e.g. Dengue viruses), reassortment (Influenza viruses), and recombination (polioviruses). The best example 
of emergence and reemergence of viruses is influenza A viruses (e.g. H1N1 and H5N1) which have resulted in many 
outbreaks, epidemics, and pandemics across the globe. The emergence and reemergence of novel pathogens are associated 
with the complicated host-pathogen environment and microbe co-evolution with their host. Emergence/reemergence of 
human viral disease is a never-ending challenge, affecting the social and economic development of a country.
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Introduction
An emerging infectious pathogen may be defined as an 

etiological agent that has recently appeared within the pop-
ulation or its geographical ranges are rapidly expanding, 
which are very old phenomena and documented by Persian 
and Roman philosophers. They wrote about the devastat-
ing disease plague in the time of ancient Greeks [1,2]. The 
most fatal and unforgettable natural disaster in human his-
tory occurred in 1918 due to the outbreak of ‘Spanish flu’ 
that resulted in the killing of 50-100 million people (3-5% 
of the world population) across the world [3,4]. In 1956, the 
influenza pandemic was repeated as ‘Asian flu’ and caused 
nearly 2 million deaths. Furthermore, in 1968, the ‘Hong 
Kong flu’ resulted in 1 million deaths, and in 2009 recent-
ly reemerged ‘Swine flu’ killed 18,000 people. Taken these 
together, flu pandemics represents the classical example of 
emerging RNA viruses. The first case of ‘Bird flu’ in human 
was identified in 1997 in Hong Kong and later it spreads 
to other regions of Asia pacific, Africa, Europe and Latin 
America. Very recently in 2013, a novel avian influenza a 
strain H7N9 has emerged in China.

Factors Responsible for Virus Emergence, Re-
emergence and Adaptation

Viruses, particularly RNA viruses, have high poten-

tial to adapt rapidly to a new host and changing environ-
ments than other pathogens. Yellow fever virus (YFV) 
was the first human virus discovered in 1901. Till now, 
we have accumulated an enormous amount of knowl-
edge about host-virus interactions. However, this un-
derstanding is still expanding. One of the main viral ad-
aptation mechanisms is mutation and mostly occurred 
in RNA viruses. In RNA viruses, RNA-dependent RNA 
polymerase is an error-prone and does not have any 
mechanism to correct mutations caused by viral RNA 
polymerase [5]. The mutation rate in RNA viruses is 10-4 
to 10-6 per bp per generation [6]. These mutations may 
be deleterious or advantageous for virus growth or help 
viruses in adapting to a new host or changing environ-
ment. Studies have shown that mutations are important 
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be generated. This mechanism of recombination mostly 
occurs in enteroviruses which infect the gastrointestinal 
tract for long period of time [9]. Another good example 
of this mechanism is polio live vaccine which contains 3 
strains of polio viruses. These strains not only undergo 
mutations but also recombine among themselves to re-
verse neuropathogenicity [10,11].

Besides genetic mechanisms, other factors that con-
tribute to the emergence and reemergence of infectious 
disease are: 1) Ecological changes and agricultural de-
velopment; 2) Changes in human demographics and 
behavior; 3) Migration of human across different geo-
graphical region and commerce; 4) Breakdown of public 
health measures and deficiencies in public health infra-
structure; 5) Climate change also plays important role 
in the emergence of an infectious disease; 6) Resistance 
to microbial antibiotics; and 7) Zoonosis (from animal 
to human). Emerging and reemerging human virus-

for the virulence in case of foot and mouth disease and 
polio viruses [7].

The other adaptation mechanisms include reassort-
ment, and recombination. Influenza virus evolved and 
changes their genes by reassortment. When the same 
host is infected by two different strains of influenza vi-
ruses (e.g. avian and human viruses), a new progeny 
virus with mixed genetic materials could appear. This 
new strain of influenza virus arose due to reassortment 
process could be more effective to evade to a new host 
that lacks immunity to this new pathogen. The emerging 
Influenza strains which appeared in influenza pandemics 
in 1957, 1968 and 2009 were raised through this process 
of gene shuffling by reassortment [8].

Recombination could also produce new strains of 
viruses. In this case, if two similar viruses infect same 
host cells and exchange their genetic material in differ-
ent regions of their genome, a new strain of virus could 

Table 1: Emerging and reemerging human viruses.

Family Viruses Zoonosis Etiology
Arenaviridae Chapare virus

Guanarito virus
Junin virus
Lassa virus
Lujo virus
Machupo virus
Sabia virus

-
-
-
-
-
Mouse
Rodents

-
Venezuelan hemorrhagic fever
Argentine hemorrhagic fever
Lassa fever
-
Bolivian Hemorrhagic fever
Brazilian hemorrhagic fever

Bunyaviridae Andes virus
Crimean-Congo haemorrhagic fever virus 
(CCHFV)
Severe fever with Thrombocytopenia 
syndrome virus (SFTSV)

Rodents
Ticks

Arthropod

Hantavirus cardiopulmonary syndrome
Crimean Congo hemorrhagic fever

Severe fever with thrombocytopenia 

Coronaviridae MERS-Cov

SARS-Cov

-

Bats

Severe acute respiratory syndrome
Seasonal/Swine/Bird Flu Severe acute 
respiratory syndrome

Filoviridae Ebola virus
Marburg virus

-
-

Ebola hemorrhagic fever 
Marburg hemorrhagic Fever

Flavirideae Zinka virus
Dengue virus
West Nile Virus

Mosquitoes
Mosquitoes
Mosquitoes

Fever, congenital microcephaly
Dengue fever 
West Nile fever and encephalitis

Hepeviridae Hepatitis E virus (HRV) Swine, Boar Chronic hepatitis E
Neuropathy

Lyssaviruses Australian Bat lyssavirus
(ABLV)
European Bat lyssavirus
(EBLV)
Irkut virus (IRKV)

Bat
Bat
Bat

Fatal encephalitic disease 
Fatal encephalitic disease
Fatal encephalitic disease

Orthomyxoviridae Influenza virus Swine, Bird Swine flu, Bird flu
Paramyxoviridae Hendra virus

Nipah virus
Bat
Bat

Hendra disease
Nipah disease

Retroviridae HIV - AIDS
Togaviridae Chikungunya virus Mosquito Chikungunya fever
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total of 59 persons were infected by ZIKV as confirmed 
by reverse-transcription polymerase chain reaction (RT-
PCR) and serological analysis. Figure 1 summarizes the 
outbreaks of ZIKV in human population in different 
countries. It was found that up to 73% of Yap Island resi-
dents were infected by ZIKV, and Aedes hensilli was con-
sidered as a principal vector for ZIKV transmission. The 
second major ZIKV outbreak emerged in French Poly-
nesia in 2013 where 28,000 of people were supposed to 
be infected with ZIKV based their signs and symptoms 
of low-grade fever, conjunctivitis, arthralgia and macu-
lapapular rash [18]. This is the first time, Guillain-barre’s 
syndrome was linked with the ZIKV infection.

In 2015, Brazil informed the WHO about ZIKV in-
fection. ZIKV infection in Brazil leaded to 440,000 to 
1.5 million cases and represents an emergency threat to 
human life especially to pregnant women and newborns 
[17,19]. The first case of ZIKV infection in South Amer-
ica was confirmed in May 2015. It is assumed that ZIKV 
was introduced into the country through the World 
Sport Championship, the canoe race held in Rio de Ja-
neiro in August 2014. Four countries, French Polynesia, 
New Caledonia, the Cook Islands, and Easter Island were 
participating in this championship. ZIKV strain in Bra-
zil was closely related to the strain in French Polynesia 
outbreak in 2013-2014. ZIKV congenital infection caus-
es microcephaly in newborns and its infection is related 
to Guillain-barre syndrome in adults. ZIKV infects and 
replicates in neural stem cells of developing brain and 
causes their apoptosis that leads to the reduction of cor-
tical layer thickness in a developing brain [20]. In Amer-
ica, the increasing number of cases of congenital micro-

es have summarized in Table 1. This review is focused 
on emerging RNA viruses that infect humans and may 
cause deadly disease. Taken together, we are focused on 
the emergence and reemergence of ZIKA, Dengue Virus, 
West Nile Virus (WNV), EBOLA, Influenza, SARS-CoV, 
MERS-CoV, Nipha Virus, and enteroviruses.

Zika virus
Zika virus (ZIKV) is a flavivirus and primarily trans-

mitted by the bite of an infected mosquito. ZIKV is relat-
ed to other flaviviruses like dengue virus, West Nile virus 
and yellow fever virus. The recent emergence and spread 
of ZIKV to 48 countries across worldwide have been 
considered as an emerging global public health problem. 
At present, there is no effective vaccine to prevent ZIKV 
infection. ZIKV is transmitted by mosquito bite was 
confirmed when it was first isolated from Aedes aegypti 
mosquitoes in 1966 in Malaysia [12]. The ZIKV resides 
in the salivary gland of infected mosquitoes and inoc-
ulated into the human body by mosquito’s bite during 
their blood feeding. ZIKV is also found to be transmitted 
sexually from one person to another as the ZIKV RNA 
has been observed in sperm and urine after 62 days of 
infection [13-15]. ZIKV is an enveloped, spherical virus 
containing single-stranded positive RNA genome with 
10,794 nucleotides. This RNA is translated into a poly 
protein which is co & post-translationally cleaved into 
11 mature viral proteins. ZIKV infection in Asia was 
observed in Indonesia where seven persons were suf-
fering from fever, stomach pain, dizziness and anorexia 
[16,17]. The first significant outbreak of ZIKV infection 
occurred in 2007 in Yap Island of Micronesia [16]. A 
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Figure 1: Representation of global outbreak of ZIKV infection in humans [16,125-128].
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West Nile district of Uganda in 1937 [28]. WNV is trans-
mitted to humans by mosquito bite and to some animals 
like birds. Figure 2 summarizes the WNV transmission 
cycle in human and birds. Birds serve as the reservoir of 
the virus. The infection of WNV in humans is usually 
asymptomatic (80%) and caused West Nile fever and en-
cephalitis.

WNV is a neurotropic flavivirus infects the central 
nervous system and causes severe neurological diseases 
[29]. The symptoms of West Nile neuroinvasive disease 
(WNND) include the encephalitis, meningitis, and acute 
flaccid paralysis. WNV enters the central nervous system 
and infects neuron, glial cells, basal ganglia, spinal cord 
and brain stem [30]. The infected neurons and astrocytes 
produce the chemokines, CXCL10 and CCL5. These 
chemokines play important role in WNV specific T-cells 
into CNS [31]. During the period from 1937-1999, the 
WNV infection in humans, horses, and birds occurred 
occasionally [32,33]. However, a small outbreak of WNV 
infection in humans and horses occurred in Camargue 
region in France in 1960s [34]. WNV was first intro-
duced in the Western Hemisphere in 1999. Infection in 
humans caused 62 cases, 59 cases with neuroinvasive and 
7 deaths in New York City [35]. WNV epidemic is usu-
ally characterized by the introduction of few human cas-
es in first season with explosive amplification in second 
season and consequence maintained of level. WNV is a 
neurotropic flavivirus infects the central nervous system 
and causes severe neurological diseases [29].

Sequence analysis shows that WNV in New York City 
was imported from Israel [29]. WNV was first detected in 
Florida in 2001 indicating that virus had spread to other 
parts of country. Later in 2001, the virus was detected in 
21 states in America including Iowa and Louisiana with 
64 neurotropic disease cases and 9 deaths [36]. The virus 
continues to spread to other parts of the country, reach 

cephaly and Guillain-Barre syndrome cases are related 
to ZIKV infection [18,21,22]. On 1st Feb 2016, WHO 
declared ZIKV infection as an international health emer-
gency. ZIKV is able to cross the placenta, detectable in 
amniotic fluid and causes intrauterine growth restriction 
of a fetus in pregnant women [20,23,24]. Three lineages 
of ZIKV have been identified by phylogenetic analysis. 
Two are African lineages, e.g. MR766 and Nigerian clus-
ter and one is Asian lineage (Table 2) [25].

Most of the ZIKV infection is asymptomatic and in-
cubation period is not known precisely but usually the 
cases occur 3-13 days after a mosquito’s bite [16]. Clin-
ical symptoms of ZIKV infection include mild fever, 
conjunctivitis, skin rashes, joint and muscle pain, back 
pain and headache. Other clinical manifestations are 
anorexia, dizziness, diarrhea, constipation, retro-orbital 
pain, edema, and abdominal pain. ZIKA vaccine includ-
ing DNA vaccine, neutralizing antibody vaccine, subunit 
vaccine and others are in progress [26,27].

The ZIKV infection in infected people can be detect-
ed by RT-PCR and enzyme-linked immunosorbent as-
say (ELISA) using IgM antibodies or plaque reduction 
neutralization test (PRNT). IgM cross reacts with other 
flavivirus. Center for Disease Control and Prevention 
recommends to use both RT-PCR and serological test to 
confirm ZIKV infection.

West Nile Virus (WNV)
West Nile Virus (WNV) is an emerging virus belongs 

to the family Flaviviridae, genus Flavivirus. WNV is a 
single-stranded, positive sense RNA virus with a genome 
of approximately 12 kb. WNV was first isolated in the 

         

Enzootic

Birds Mosquitoes

Enzootic

Epizootic/Epidemic

Human, Horses

Reservoir Vector Accidental host

Figure 2: Transmission cycle of West Nile Virus (MNV) [129].

Table 2: ZIKV lineages.

African lineage (two clusters) MR 766 cluster, Nigerian Cluster
Asian lineage One Asian genotype
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the Asian origin of dengue virus [44]. By late 19th and 
early 20th century, the virus widespread to tropical and 
subtropical countries [45]. First reported outbreak of 
dengue virus occurred in 1953/1954 in Manila and the 
second outbreak occurred in 1958 in Bangkok [46]. Sud-
den outbreaks of dengue in China from 1978-2008 have 
resulted in more than 600,000 cases approximately and 
about 475 deaths overall [47,48]. As far as America is 
concerned, DENV is expanding its geographical range 
and reintroduce in North America through Texas and 
Florida in America. The DENV epidemic is limited by 
a control campaign initiated in 1947 by Pan America 
Health Organization (PAHO). This organization is focus 
on removing the Aedes aegypti from Central and South 
America. The PAHO program was suspended in 1970s 
and Aedes aegypti population increased again that leads 
to the raise in DENV cases [49]. DENV outbreaks in 2009 
in Florida occurred first in more than 70 years and 16 
cases of DENV were reported. In 2010, DENV causes in-
fection in 66 people in Florida and after that few cases of 
DENV infection reported [50,51]. According to a CDC 
report in 2013, 4 cases of dengue virus infection in Ha-
waii in 2011 and 2 cases in Florida in 2012 were reported. 
Moreover, in 2013, 20 cases of dengue in Florida and 3 
cases in Texas were reported [52]. Very recently, accord-
ing to a newspaper, a total of 80 cases of dengue have 
been reported in USA and its territories in 2017 [53]. It 
indicates that the DENV is increasing its geographical 
ranges and may causes pandemics in near future.

Ebola virus
Ebola virus (EBOV) is the deadliest emerging virus 

causing infection in human and nonhuman primates 
(NHP). It is a filovirus and causes hemorrhagic fever 
in human. It is an enveloped, single-stranded, non-seg-
mented, negative RNA virus. EBOV virus genome is 
approximately 19 kb and encodes for 7 genes resulting 
9 proteins. EBOVs together with Marburg viruses con-
stitute the Filoviridae family [54]. There is no FDA-ap-
proved drug or vaccine to treat Ebola virus infection in 
human. The only way to control the disease is to keep 
the patients in isolation, protect the health care workers 
and close monitoring of the people who come in con-
tact with the patients. In Africa, bats serve as a reservoir 
for EBOV transmission [55]. Human get infected with 
EBOV when they come in contact with infected tissues, 
blood, bats, patients or accidental host (Apes). EBOV 
was first identified in 1967 in Marburg, Germany when a 
few animal workers and staffs got infected. These peoples 
were processing samples from monkey imported from 
Uganda to prepare kidney cells to study Poliomyelitis 
vaccine [56,57]. The first significant outbreak of Ebo-
la was recognized in 1976 when it caused hundreds of 
deaths in Norther Zaire (318 cases) and southern Sudan 

to California and caused largest epidemics of meningo-
encephalitis in history of country [37]. According to the 
national surveillance in America, the total number of 
WNV case and deaths from 1999-2013 were 37,090 and 
1489 respectively [38]. Initial cases of WNV infection in 
human around the world has summarized in Table 3.

Most of the people (70-80%) infected with WNV do 
not show symptoms of infection. Less than 1% of infected 
people show some neurological symptoms like encepha-
litis or meningitis. The symptoms of WNW infection in 
humans includes fever, body ache, headache, vomiting, 
diarrhea, skin rash, coma and fatigue. Diagnostic test for 
WNV include the blood test to check raising level of an-
tibodies against WNV, brain test that measure the brain 
activity by electroencephalography (EEG) to check brain 
inflammation by WNV and lumbar puncture [39]. Cur-
rently there is no vaccine or antiviral treatment of WNV 
infection [40].

Dengue virus
Dengue is a common viral disease causing 50 million 

cases every year in more than 100 countries in tropical 
and subtropical regions. Dengue virus (DENV) belongs 
to genus flavivirus and family Flaviviridae. Dengue is 
considered as second largest mosquitoes borne disease 
after malaria. The majority of dengue virus infections are 
asymptomatic however minority of cases leads to den-
gue hemorrhagic fever (DHF), dengue shock syndrome 
(DSS) characterized by circulatory failure. Dengue vi-
rus infection in human has been also associated with 
neurological symptoms [41]. Dengue virus is a posi-
tive-sense, single-stranded RNA virus with a genome of 
11 kb. Dengue virus exists as four antigenically distinct 
serotypes named DENV 1-4. Dengue virus is transmit-
ted to human by the bite of mosquitoes, Aedes aegypti 
during their blood meal. The symptoms of dengue virus 
infection are majorly asymptomatic therefore it is very 
difficult to predict first dengue infection in humans. Ac-
cording to a Chinese medical encyclopedia, first dengue 
infection might be dated to 992 A.D. [42]. It is very dif-
ficult to predict place of origin of dengue virus but some 
studies show that this virus might have originated in Af-
rica as many mosquitoes-borne diseases occurred there 
and often infect primates [43]. Another study predicts 

Table 3: Initial outbreaks of WNV infection in human.

Country Year
Algeria 1994
Romania 1996-1997
Czech Republic 1997
Demographic Republic of Congo 1998
Russia 1999
United States 1999-2003
Israel 1957, 2001
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genome with 8 segments and is an enveloped virus. Seg-
mented genome allows the viruses reassortment which 
means that if two viruses infect the same cells then prog-
eny viruses may have gene segments from both the par-
ents with novel antigenic and genetic properties. The 
reassortment between viruses allows virus adaptation to 
a new host and raises the potential to cause pandemics 
[64].

Influenza virus encodes two spike-shaped surface 
proteins named hemagglutinin (HA) and neuraminidase 
(NA). The HA required for virus attachment to target 
cells [65] and NA allows the release of progeny viruses 
from infected cells. The influenza A viruses are classified 
based on their subtype of hemagglutinin (H1-H17) and 
neuraminidase (N1-N10) [66,67]. Seasonal influenza vi-
ruses kill 250,000-500,000, mostly old people (90%) each 
year around the world [61]. The main reservoir for in-
fluenza viruses is wild waterfowl. Thus, they serve as the 
main source for emergence and reemergence of influen-
za viruses. Avian influenza can be highly pathogenic and 
continue to emerge and reemerge around the globe to 
cause many epidemics and pandemics. Avian influenza 
virus was existed as ‘fowl plague’ and known more than 
130 years. Chicken, ducks, and pigs also serve as the res-
ervoirs of influenza virus and act as a mixing vessel for 
the emergence of novel strains of influenza virus that not 
existed previously. The first instance of ‘Fowl plague’ was 
first recognized in 1878 in Northern Italy [68]. The most 
fatal and unforgettable natural disaster in human histo-
ry occurred in 1918 due to the outbreak of ‘Spanish Flu’ 
that resulted in the infection of 500 million people across 
the world and killing of approximately 100 million peo-
ple [4].

H1N1 influenza: The H1N1 influenza virus has 
caused many significant mortalities and morbidities in 
the human population. An influenza pandemic in 1918 
was caused by H1N1 virus. Segmental reassortment 
plays important roles in the evolution of H1N1 virus. 
The 1918-1919 Influenza pandemic during First World 
War resulted in half million deaths in United State and 
was caused by H1N1 [3]. The pigs were considered as 

(284 cases) [38]. Among these two subtypes, Zaire sub-
type of Ebola virus was more fatal and resulted in 90% of 
case fatality while Sudan type causes 50% of case fatality. 
In 1979, EBOV erupted again and caused infection in 34 
people in Africa and 12 deaths [58]. Three more species 
were identified in subsequent EBOV infections. In 1989, 
Reston EBOV was discovered which causing infection in 
Cynomolgus Macaques imported from the Philippines 
[58]. There was no proof that it could also cause infec-
tion in humans [59]. In decades of 1980s and 1990s, a 
very few cases of symptomatic EBOV infection in human 
were observed until 1994. In 1994, 31 people were killed 
due to EBOV infection in Minkoka district in Gabon 
[60]. After that, the EBOV outbreaks occurred every 1-4 
years in Sudan, Congo, Sudan and Gabon.

Another major outbreak of EBOV occurred in 2007 in 
Uganda where 149 cases with 25% fatality were observed. 
Furthermore, another outbreak of EBOV occurred in De-
cember 2013 in Guinea and quickly spread to other adja-
cent countries Sierra Leone and Liberia. It was considered 
as the largest outbreak in history. Zaire strain of EBOV re-
sponsible for this outbreak was named as Makona after the 
river which is present at the borders of these three countries. 
The EBOLA continue to emerge, and epidemic accelerated 
to other countries in Africa. As a result, a total number of 
2347 cases were identified in central Africa till 2013 [38]. In 
August 2014, an unrelated outbreak of ZEBOV occurred in 
the Democratic Republic of the Congo and caused 66 cases 
with 74% lethality rate. By the March 2016, a total of 28,646 
cases of EBOV disease and 11,323 deaths have been report-
ed across 10 countries (Liberia, Guinea, Sierra Leone, Italy, 
United Kingdom Mali, Senegal, Spain, Nigeria and United 
States) [61].

The incubation period of EBOV disease ranges from 
2-21 days. The symptoms of the disease are fever, chills, 
nausea, vomiting, anorexia, abdominal pain and di-
arrhea. Death is caused by multiple organ failure and 
shock. EBOV infection in human takes place via entry 
through the mucous membrane, injuries, and abrasion 
in the skin or parental transmission. EBOV can invade in 
almost all the cells of body by a different mechanism for 
each cell type. Usually, EBOV enters into cells via lipid 
rafts, endocytosis and macripinocytosis [62,63].

During early days of infection, it is difficult to diag-
nose EBOV disease as the symptoms are more common 
to other diseases like malaria and typhoid fever. EBOV 
is detected in blood only after onset of infection. Table 4 
summaries the few diagnosis methods of EBOV disease.

Influenza virus
Influenza virus is another emerging virus which be-

longs to the Orthomyxoviridae family and infects many 
species. Influenza virus contains negative-stranded RNA 

Table 4: Diagnostic methods for EBOV infection.

Infection stage Diagnosis method
Early stage of infection 
after symptoms 

Enzyme linked immunosorbent assay 
(ELISA)
IgM ELISA
Polymerase chain reaction (PCR)
Virus isolation

After infection IgG and IgM antibodies detection 
In deceased patient Immunohistochemistry 

PCR
Virus isolation
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Reassortment between different influenza strains iso-
lated from different hosts species leads to the generation 
of new strains having a potential for global pandemic. 
The best example for this is the reassortment between 
avian and human influenza produced H2N2 and H3N2 
that caused pandemic in 1957 and 1968 respectively 
[74,76]. Recently, it has been shown that reassortment 
between influenza a viruses among H3N2 subtypes leads 
to the production of novel influenza virus [8]. Influenza 
pandemics occurred in humans have listed in Table 5.

Swine influenza: Swine influenza also called as hog 
flu, pig influenza or pig flu. Swine influenza virus infects 
pigs and usually does not cause infection in humans. 
However, they do pose significant threat to people work-
ing with the pigs. H1N1 swine flu is circulating in pigs in 
North America and other regions since past 80 years [77]. 
In 1997, a highly pathogenic avian virus H5N1 caused 
infection in humans in Hong Kong with 18 confirmed 
cases and 6 deaths. This was an unusual case where avian 
virus caused infection in humans and had never reported 
before. In 1998, a novel strain of H3N2 emerged in North 
America and caused an outbreak in North American 
swine [78]. Furthermore, in 2009, a novel swine-origin 
influenza A (H1N1) was identified and caused infection 
in human [79]. This new strain of swine origin influen-
za A virus (S-OIV) arose from triple reassortment and 
contain genes from human H3N2, classical swine H1N1, 

the mixing vessels for this influenza pandemic [69]. The 
influenza pandemic was not reported before, therefore 
soldiers and people were not aware and could not take 
preventive actions. The U.S. imposed the quarantine to 
prevent the spread of virus as people were dying in large 
number and dead bodies were mounted up.

After 1918 influenza pandemic, severe outbreaks of 
H1N1 occurred in 1928-1929, 1932-1933, 1936-1937 and 
1943-1944 in the United States [70] and the United King-
dom [71]. Intrasubtypic reassortment of H1N1 occurred 
in 1947 and this new subtype was not neutralized by the 
existing vaccine and caused more severe disease. The vi-
rus continued to spread across the globe and named as 
‘A-prime’ based on antigenic divergence [72]. In this sub-
type, the HA segment was mutated whereas NA segment 
remained conserved [73]. The H1N1 disappeared from 
human in 1957 and a new strain, H2N2 appeared. This 
new strain contains three segments from avian source and 
five segments from H1N1 1918 strain lineage [74]. After 
the emergence of this new subtype, H1N1 did not appear 
until 1977 [75]. The influenza A (H1N1) reemerged in 
1977 in North Eastern China, Soviet Union, and Hong 
Kong, and mostly affected young people [74]. This new 
strain was closely related to the strain from 1950 indi-
cated that this strain was existed and did not disappear. 
Figure 3 summarizes the emergence of influenza virus in 
human population at different time points.
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Figure 3: Time line of emergence and infection of Influenza virus in human [130].
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The vaccination effectiveness changes year to year and 
provides modest to high protection against influenza.

Hong Kong summer influenza, 2017: A recent un-
usual outbreak of summer influenza in Hong Kong has 
been reported in May 2017. In Hong Kong, May 2017 to 
August 2017, summer influenza outbreak has caused a 
total of 14,713 cases and resulted in 306 deaths (Avian 
Flu Diary, Aug 2017) Table 6.

This flu is considered as unusual in many aspects: a) 
It started one month earlier than two previous years; b) 
It caused over 300 deaths, which is much higher than 
last summer; c) It has sustained more than 90 days as 
compared to few days in last year. This outbreak may be 
due to the flu vaccine administered last year has begun to 
expire and may not be effective in providing protective 
immunity to the vaccinated people. It may also be due to 
weak flu peak last year and thus the number of people de-
veloped natural immunity would be less. This outbreak 
may also be due to the mutation of a dominant antigenic 
epitope within the H3N2 flu strain, making the flu vac-
cine used in the past two years ineffective [85].

Severe Acute Respiratory Syndrome Corona virus 
(SARS-CoV)

Severe acute respiratory syndrome (SARS) is anoth-
er emerging corona virus and considered as a threat to 
human health. SARS-CoV transmits from one person 
to other through the droplets produced during a cough 
or sneezing, direct contact with infected droplets. SARS 
virus replicates in lungs and gastrointestinal tract [86]. 
There is no vaccine or antiviral drugs to treat SARS. 
The SARS is caused by a corona virus. The first case of 
SARS was recorded in city of Foshan, Guangdong Prov-
ince, China in November 2002. The Chinese Ministry 
of Health reported to WHO about an ‘acute respirato-
ry syndrome’ outbreak causing 300 infected cases and 

and North American avian influenza viruses. The human 
to human transmission of S-OIV and other influenza vi-
ruses is thought to occur through the droplets released 
during coughs. In United States, a total of 642 confirmed 
cases were identified in human from 2005-2009 [79]. 
Moreover, the mixing and co-circulation of H3N2 fur-
ther generated H1N1 and H1N2 which caused sporadic 
infection in humans [80,81]. H1N1 entered in Italy when 
a shipment of pigs from United States introduced into 
Italy in 1976. This strain rapidly spreads among other 
swine. It was shown that a new avian-origin influenza A 
strain introduced in European pigs from Ducks [82]. A 
new strain of swine-origin influenza A (H1N1) emerged 
in Mexico and the United States in 2009 [83]. This vi-
rus spread rapidly to 30 countries via human to human 
transmission mode and WHO declared pandemic alert 
of level 5 of 6. According to WHO, the pandemic alert of 
level 5 characterized by human to human transmission 
of virus in at least two countries in a single WHO region 
while level 6 characterized by community level outbreaks 
in different WHO regions in addition to phase 5 level cri-
teria. This new strain of influenza virus supposed to have 
potential to cause influenza pandemic in twenty-first 
century.

Common symptoms of influenza include fever, nasal 
congestion, headache, lack of energy, sore throat, runny 
nose, and muscle aches. The symptoms of influenza vary 
from person to person depending on the immune sys-
tem, age, and medical conditions. The diagnostic tests for 
influenza include the serology, virus culture, RT-PCR, 
rapid molecular assays, rapid antigen testing and immu-
nofluorescence assay (IFA) [84].

Influenza vaccines also known as influenza shots 
developed twice a year as influenza virus changes very 
rapidly. WHO and CDC recommend the influenza vac-
cination in nearly all the people above the age of 6 years. 

Table 5: Summary of Influenza pandemics.

Name of flue pandemics Time period Deaths Subtype emerged Reference
1889-1890 flu pandemic 1889-1890 1 million Possibly H3N2 or H1N1 (Valleron, 2010)
1918 flu pandemic (Spanish flu) 1918-1920 20 to 100 million H1N1 (Mills, 2004)
Asian flu 1957-1958 1 to 1.5 million H2N2 (Greene, 2006)
Hong Kong flu 1968-1969 0.75 to 1 million H3N2 (Starling, 2008)
Russian flu 1977-1978 No accurate count H1N1
2009 flu pandemic 2009-2010 105,700-395,600 H1N1 (Donaldson, 2009)

Table 6: Comparative analysis of number of cases and deaths recorded from 2015 to 2017 during summer Influenza in Hong 
Kong.

Season and duration of influenza virus outbreak Total number of cases Total number of deaths % of death among 
total cases

2007 summer (H3N2, May 5-August 2) 14,713 (90 days so far) 306 2.1%
2016 summer (H1N1, September 23-October 27) 1597 (35 days) 40 2.5%
2016 Winter (H1N1, January 29-May 20) 11159 (113 days) 212 1.9%
2015 Summer (H3N2, June 12-August 7) 4129 (57 days) 135 3.3%
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with 35% mortality [98]. This outbreak was caused by 
NiV transmission from pigs to human [99] and culling of 
1 million pigs leads to the control of outbreak. Initially, it 
was considered that the outbreak was caused by the Jap-
anese encephalitis (JE) which is a mosquito born RNA 
virus, but JE vaccination could not treat the disease. Af-
ter initial outbreak, NiV has reemerged in Bangladesh in 
2001, 2003, 2004, 2005, 2007 and 2008 that caused fetal 
human encephalitis [100,101]. NiV has also reemerged 
in India in 2001 and 2007 that also leads to fatal human 
encephalitis. NiV infection can be diagnosed by virus 
isolation and RT-PCR from nasal and throat swab, urine, 
cerebrospinal fluid and blood. Antibody detection (IgG 
and IgM) can also be used to detect NiV infection. Nos-
ocomial infection of NiV can be prevented by standard 
control practice and proper nursing techniques. The rib-
avirin drug is effective in vitro but clinical application of 
ribavirin remained uncertain.

Human Enterovirus
Human enteroviruses have caused many epidemics 

in recent history and considered as important emerging 
viruses infecting humans mainly infants and children. So 
far, only humans seem to be host of the enteroviruses. 
Enteroviruses are positive-sense, single-stranded RNA 
viruses and belong to genus enterovirus and family pi-
cornaviridae. The RNA genome is enclosed in an icosa-
hedral capsid. Human enteroviruses are classified mainly 
into three classes, EV-A, EV-B, EV-C, and others as D-J 
[102,103]. The human enteroviruses Enterovirus A spe-
cies consist of 25 serotypes. Enteroviruses responsible 
for hand-foot-and-mouth disease (HFMD), myocarditis, 
herpangina, pleurodynia and meningitis. The EV-A71 
and Coxsackievirus A16 are two of the enterovirus A vi-
ruses that caused major outbreaks recently.

Enterovirus-A71 (EV-A71): EV-A71 is one of the 
hundreds of enteroviruses, has infected millions of peo-
ple, and associated with life threatening complications in 
newborns. EV-A71 causes HFMD, herpangina, cerebel-
litis, meningoencephalitis, and has circulated in Asia-pa-
cific since 1997. EV-A71 is divided into six subgroups, 
only B and C subgroup are associated with outbreaks 
[104]. Usually, EV-A71 is more pathogenic as compared 
to other enteroviruses, and causes neurological compli-
cation. EV-A71 was first discovered in California, USA, 
where it caused several outbreaks and found to be asso-
ciated with neurological symptoms in 1969-1972 [105]. 
EV-A71 outbreaks have occurred in many countries and 
regions, including China, Australia, Cambodia, Vietnam 
and Taiwan. In China, the first large outbreaks of EV-
A71 occurred in 2007 in Shandong Province where 1149 
cases and 3 deaths were reported [106]. Furthermore, 
in 2008, EV-A71 caused a major outbreak of HMFD in 
Fuyang city, China. A total of 6049 cases were reported 

5 deaths. The symptoms were similar to atypical pneu-
monia. A 64-year-old doctor got infected with the SARS 
while he was treating SARS patients. This doctor was 
traveling to Hong-Kong and stayed in Metro pole Ho-
tel, where 16 other people got infected with SARS. These 
people carried the virus to Singapore, Toronto and Ha-
noi. The doctor got very sick on following day and died 
on March 4 in a hospital. On March 15, WHO issued a 
global alert about the new emerging respiratory disease, 
SARS. After that SARS spread to 36 countries in Asia, Eu-
rope, and North America within next 6 months. Center 
of origin for SARS is believed to be Guangdong province 
in Southern China. A total number of 8096 cases were 
reported and 774 patients died of infection [87-89]. The 
symptoms of infected people were similar to influenza 
and include headache, fever, myalgia, respiratory failure, 
and death. In 2003-2004, SARS reemerged and infected 
4 people. These four people were recovered [90,91]. The 
animals, Himalayan palm civets, and raccoon dogs were 
considered to harbor virus very similar to SARS [92].

Middle East Respiratory Syndrome Corona virus 
(MERS-CoV)

After 2004, no more case of SARS reported, howev-
er, another similar disease called Middle East respira-
tory syndrome (MERS) continue to appear. The MERS 
caused by a corona virus. The first case of MERS was 
reported in Saudi Arabi in June 2012 [93]. MERS cases 
were also detected in Qatar, Oman and the United Arab 
Emirates [94]. MERS rapidly spread to other countries 
in Asia, Europe, and Africa by travelers resulting in total 
1626 people infection with 36% fatality till Jan 2015 [95].

Nipah Virus (NIV)
Nipah virus is a recently discover non segmented 

RNA virus belongs to paramyxovirus family. It is a highly 
pathogenic virus and laboratory work requires bio safety 
level-4 containment. Nipah virus enters into central ner-
vous system (CNS) and causes encephalitis in infected 
individuals with a mortality rate of 40-70%. However, the 
exact route of entry of Nipah virus into CNS is unknown 
but study have shown that it could enters through the ol-
factory epithelium in nasal turbinates [96]. The genome 
of NiV consists of six genes (N-P-M-F-G-L) flanked by 
5’trailer region and 3’leader region [96]. The fruit bats of 
Pteropus genus considered as the main reservoir of NiV. 
The NiV can infect many mammalian species like cats, 
horses, dogs and pigs. NiV has been considered as emerg-
ing virus threaten to human health in Southeast Asia. The 
NiV has no-segmented RNA genome and considered as 
highly mutagenic virus. NiV caused the deadly disease in 
human and have wide reservoir hosts [97]. This virus was 
first recognized in 1998 when it caused viral encephalitis 
outbreak in Malaysia. This outbreak infected 300 people 
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occurred in Chicago. According to a CDC reports, a total 
of 1153 case of EV-D68 infections were confirmed in 49 
states including Columbia district [38]. EV-D68 infec-
tions were not confined to USA only, the Public health 
agency in Canada reported of 268 cases of EV-D68 in 
several cities during 2014 [118], followed by other coun-
tries in Europe including Germany, Netherlands, Den-
mark, Sweden, Spain, France, Italy, and also from Chile 
and Brazil [119]. Recently in 2016 in France, EV- EV-
D68 and EV-A71 have caused a total of 59 cases for se-
vere pediatric conditions associated with different symp-
toms [115]. The increasing number of EV-D68 infections 
may be due to the more adaptation of virus, increasing 
geographical ranges and enhanced virulence. The molec-
ular mechanism behind recent emergences of EV-D68 
is considered to be the antigenic variations that leads to 
generation multiple sublineages, novel variants and loss 
of protection from preexisting antibodies [119]. The di-
agnosis of EV-D68 is done by PCR method performed 
on clinical samples. Recently, a real time PCR (RT-PCR) 
based method have been implicated in the diagnosis of 
EV-D68 and this method is very sensitive and specific 
[120,121].

Prevention and treatment of enteroviruses: There is 
no FDA approved drug for the treatment of enterovirus 
infection. Prevention and supportive treatment are the 
best way to treat the enterovirus infection. The vaccine 
is available for poliovirus. In 2015, the Food and Drug 
Administration (FDA) of China have approved the first 
vaccine for the treatment of EV-A71. This vaccine was 
developed by the Institute of Medical Biology at Chinese 
Academy of Medical Sciences. The second vaccine for 
EV-A71 was approved in 2016 by Chinese FDA and this 
vaccine was made by Sinovac Biotech [122].

Conclusion
The emergence and reemergence of viral disease are 

considered as a continuous threat to human life in the era 
of globalization [123]. The emerging and reemerging vi-
ruses include the RNA viruses. RNA polymerase of RNA 
viruses is error-prone [5]. The mutations in the genetic 
material of RNA viruses accumulated over the time and 
produce a new strain of virus with novel immunogenic 
and antigenic properties. This new strain of virus has a 
potential to cause a pandemic. In addition to the genetic 
variation, environmental factors such as changing envi-
ronment and tropical deforestation also play important 
role in the emergence of a viral disease [124]. Further-
more, a number of several other factors are responsible 
for the emergence of a new disease and reemergence of 
the old viral diseases [124]. Viruses, especially the RNA 
have the intrinsic property to change their genetic mate-
rial according to the changing environment and condi-
tion [5]. Emerging RNA viruses cannot be conserved in 

with several fatalities [107]. Another epidemic of EV-
A71 occurred in Guangdong Province in China where 
it caused 48,876 cases (131 cases were severe and 21 cas-
es were fatal) [108]. Therefore, EVA-71 has become an 
important problem for China. The main reasons for EV 
emergence are the mutations and recombination. The in-
fidelity of polymerase leads to one mutation per genome 
pre-replication [109]. In Vietnam, a total of 63,780 cases 
of HFMD were reported in 2012 and of which, approxi-
mately 58% were caused by EV-A71 [110].

In Europe, EV-A71 outbreaks have caused many ep-
idemics in history. The first major outbreak of EV-A71 
in Europe occurred in 1975 in Bulgari where it infected 
more than 705 people, of which 149 developed paralyses 
and 44 died. Recently in France, EV-A71 and EV-D68 
have caused a total of 59 cases for severe pediatric con-
ditions in 2016 [105]. Fifty-two of children were affect-
ed by severe neurological symptoms. Another outbreak 
of EA-A71 in Catalonia in 2016 caused hundreds of the 
cases affecting children up to the age of 10 and associat-
ed with neurological symptoms [111]. These outbreaks 
of enteroviruses give us a warning about more epidemic 
in the near future that may be fatal to humans.

EV-A71 spread through the fecal-oral route, by re-
spiratory droplets, oral secretion, and fomites. The most 
sensitive and rapid diagnostic test for EV-A71 is RT-PCR 
performed on clinical samples including blood, cerebro-
spinal fluid, stool or urine [112].

Enterovirus-D68 (EV-D68): EV-D68 is an emerging 
virus causing many outbreaks in recent history. EV-D68 
was first reported in 1962 in California where four chil-
dren were diagnosed with pneumonia and bronchitis. 
In recent history, the increasing numbers of respiratory 
diseases caused by EV-D68 have been reported in many 
countries including the United States, the Netherlands, 
Philippines, and Japan [113]. During 1970-2005, only 26 
cases of EV-D68 were identified and the majority of the 
cases were in children [114]. Small and geographically 
limited outbreaks of EV-D68 occurred globally during 
2008-2010 [113]. During these outbreaks, 11 patients 
from Japan, 21 patients from Philippines, 24 patients 
from the Netherland and 39 patients from United States 
were reported [113]. The subsequent outbreaks of respi-
ratory disease caused by EV-D68 were reported in dif-
ferent countries including Great Britain, Italy, Thailand, 
China, Italy, New Zealand, and several African countries 
[115]. The largest outbreak of EV-D68 occurred in the 
United States and Canada during 2014 [116] and found 
to be associated with severe clinical manifestation. This 
outbreak caused significant morbidity and mortality. In 
kanas City, USA, nineteen patients were found to be in-
fected with EV-D68 in 2014. These patients were ranged 
from six weeks to 16 years [116,117]. Similar outbreaks 
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sponsible for the disease emergence and reemergence 
can help us to develop the effective strategies for the pre-
vention of a disease progression.
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