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Abstract 

Background:  Hand, foot, and mouth disease (HFMD) is a viral infection caused by a virus from the enterovirus genus 
of picornavirus family that majorly affects children. Though most cases of HFMD do not cause major problems, the 
outbreaks of Enterovirus 71 (EV71) can produce a high risk of neurological sequelae, including meningoencephalitis, 
lung difficulties, and mortality. In Asia, HFMD caused by EV71 has emerged as an acutely infectious disease of highly 
pathogenic potential, which demands the attention of the international medical community.

Main body of the abstract:  Some online databases including NCBI, PubMed, Google Scholar, ProQuest, Scopus, 
and EBSCO were also accessed using keywords relating to the topic for data mining. The paid articles were accessed 
through the Centre Library facility of Siksha O Anusandhan University. This work describes the structure, outbreak, 
molecular epidemiology of Enterovirus 71 along with different EV71 vaccines. Many vaccines have been developed 
such as inactivated whole-virus live attenuated, subviral particles, and DNA vaccines to cure the patients. In Asia–
Pacific nations, inactivated EV71 vaccination still confronts considerable obstacles in terms of vaccine standardization, 
registration, price, and harmonization of pathogen surveillance and measurements.

Short conclusion:  HFMD has emerged as a severe health hazard in Asia–Pacific countries in recent decades. In 
Mainland China and other countries with high HFMD prevalence, the inactivated EV71 vaccination will be a vital tool 
in safeguarding children’s health. When creating inactivated EV71 vaccines, Mainland China ensured maintaining 
high standards of vaccine quality. The Phase III clinical studies were used to confirm the safety and effectiveness of 
vaccinations.
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1 � Background
The EV71 virus generally causes hand, foot, and mouth 
diseases (HFMDs) or herpangina and neurological 
abnormalities among children below 5 to7 years old. It 
causes severe rashes in the hand, foot, and mouth that 
appear like blisters [1]. The symptoms also include fever 
and painful blister-like sores. This virus can transmit 
directly from an infected person to another through fae-
cal materials, saliva, sputum, respiratory droplets, etc. [2, 
3]. Moreover, EV71 can also transmit indirectly through 
steel, iron, paper, plastic, and other things that come in 
contact with infected persons [4]. Generally, children 
between the age group of 5 and  7 years get easily affected 
by the EV71 virus due to their low immunity, whereas 
adults rarely get affected by this virus as they are mostly 
immunogenic.

HFMD causes severe health hazards such as abnor-
mality in CNS, respiratory problems, cardiovascu-
lar disorders, aseptic meningitis, cerebella ataxia, 
poliomyelitis-like paralysis acute brainstem encephalitis, 
cardiopulmonary failure, fulminant neurogenic pulmo-
nary oedema, and also increase in death rates [5]. HFMD 
is mostly triggered in environmental conditions of high 
temperature, warm regions, or mostly in summer and 
spring seasons 2 and 5 and also spreads fast in warm or 
humid areas [6].

HFMD can occur more by EV71 but less by coxsackiev-
iruses as A16 (CVA16), A5, A6, A7, A9, A10, B1, B2, B3, 
and B5 [7, 8]. Enterovirus 71 is also called as Enterovirus 
A71 (EV-A71), belonging to the family Picornaviridae. 
Sometimes, EV71 causes polio-like disorder in chil-
dren and encephalitis [9]. According to Chen et al. [10], 
EV-A71 infections pose a higher risk to boys than girls, 
but still the mechanism of action of this virus is not clear. 
EV71 infection is a major threat to public health all over 
the world [10, 11].

Solomon et al. [4] reported that more than 100 human 
enterovirus serotypes are present including 3 poliovi-
ruses, 23 coxsackieviruses A (CA), 6 coxsackieviruses B 
(CB), 31 echoviruses, and 39 numbered enteroviruses 
(EV68-71, EV73-102, EV104-107, and EV109). The infec-
tions are mostly detected in children and very rarely in 
adults. Further, Lee et  al. [12] identified that human 
enteroviruses are phylogenetically divided into 4 types: 
A, B, C, and D. However, these different strains of EV71 
are detected by cell culture or PCR assay, collected from 
respiratory droplets like saliva, sputum, nasal mucus, 
and faecal material of infected persons. In the year 2019, 
Alexandra et al. found that EV71 can enter the host body 
through the faecal–oral route and initially target the gas-
trointestinal epithelium than the respiratory tract. After 
that, it gradually infects the host body [13].

Graphical Abstract
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2 � Main text
2.1 � Methodology
A basic and thorough overview of the literature surveyed 
to identify the viral infection of EV71 was conducted till 
2021. Many offline and online databases were taken into 
consideration. The review articles and research papers 
published by various reputed publishers such as Else-
vier, Springer, Taylor & Francis imprints, and Hindawi 
were considered as the primary source of data collection 
for this review article. Some online databases including 
NCBI, PubMed, Google Scholar, ProQuest, Scopus, and 
EBSCO were also accessed using keywords relating to 
the topic for data mining. The paid articles were accessed 
through the Centre Library facility of Siksha O Anusand-
han University. The conference proceedings, magazines, 
WebPages, and book chapters were also reviewed and 
accessed as the other sources of the literature to maxi-
mize the information about the current bottlenecks, the 
extent of research carried out, and the potential util-
ity of the topic. In this review, it is discussed about the 
structure, outbreak, and molecular epidemiology of 
Enterovirus 71 along with different EV71 vaccines. The 
EV71 infection is a major threat to public health across 
the world. The infections are mostly seen in children and 
very rarely in adults.

3 � Structure of the EV71
The structure of Enterovirus 71 is a single-stranded RNA 
virus with an RNA genome size of around 7.4  kb [14]. 
Folegatti et al. [15] reported that different enteroviruses 
have a distinct structure, sequence, genome, and biologi-
cal activity. The EV71 is non-enveloped and icosahedral 
with a diameter of about 20–30  nm. Also, the coding 
area of EV71 is divided into 3 sections such as P1, P2, 
and P3. The P1 is encoded with 4 structural viral proteins 
like VP1, VP2, VP3, and VP4. Similarly, P2 is encoded 
with three non-structural proteins like 2A, 2B, and 2C, 
whereas P3 is encoded with four non-structural proteins 
like 3A, 3B, 3C, and 3D. The P2 and P3 are combined to 
form the proteases that are used in proteolytic cleavage 
for the production of structural proteins.

Moreover, the capsid of EV71 has 60 copies of VP1, 
VP2, VP3, VP4, and the structural proteins are combined 
to make a protomer. Further, 5 protomers form a pen-
tamer and 12 pentamers are combined to make a virion 
[16, 17]. In contrast, VP1, VP2, and VP3 are present in 
the outer layer of the viral capsid, and the host immune 
system is affected by these 3 proteins. Moreover, some 
neutralizing epitopes of VP1 are used as biomarkers for 
vaccines [18]. Genotype A has the prototype strain (Br 
Cr), while B has 5 sub-genotypes (B1 to B5), and C has 
five sub-genotypes like C1, C2, C3, C4, and C5. The EV71 
is dependent on VP1. Moreover, an untranslated region 

(UTR) is present at the 5’ and 3’ end of the RNA genome. 
The 5’ UTR has an internal ribosomal entry site for cap-
independent translation, and it is bound with VPg (viral 
protein), while 3’UTR possesses a poly-A tail. The RNA 
translated to polyprotein is consecutively cut by the viral 
2A protease, 3D protease, and 3C protease. Viral protein 
3D shows RNA-dependent RNA polymerase activity.

Further, the Picornaviridae viral genomes are com-
posed of IRES. So, the virus can enter the host cells and 
release the viral genome in the cytoplasm, and IRES can 
be interpreted by viral RNA. At the time of viral transla-
tion and replication, the virus needs IRES-specific trans-
acting factors (ITAFs). It requires some other factors like 
T cell-restricted intracellular antigen 1 (TIA-1) and TIA-
1-related protein (TIAR) for viral translation and rep-
lication. The interaction of TIA-1 and TIAR with the 5´ 
untranslated region of the viral genome can increase the 
replication [19]. The structure of EV71 is shown in Fig. 1.

4 � Categories of enteroviruses
Enteroviruses are classified into several types as polio-
virus (PV) is a micro, unenveloped virus of the genus 
Enterovirus, with a single-stranded genomic positive 
ribonucleic acid of approx. 7500nt Picornaviridae family. 
The PV is a causal factor in poliomyelitis, where motor 
neurons are the primary target. The PV motor neuron 
tropism is due in part to PVR (PV receptor) expression. 
In this regard, EV71 relates to the EV community, but has 
been split as PV, human EV genus A, into many genera. 
In addition to, Enterovirus 68 has induced lower lung 
infections in the younger forms of Enterovirus 70, that 
is an agent of extreme acute haemorrhagic conjunctivitis 
epidemics, where EV71 (Enterovirus 71) has exacerbated 
aseptic meningitis and hand, foot, and mouth disease 
(HFMD) and encephalitis in a variety of nations. Aseptic 
meningitis, herpangina, outbreak myalgia (pleurodynia, 
Bornholm syndrome), hand, foot, and mouth illness, 
myocarditis, pericarditis, diarrhoea, rashes, and sinus 
infections are signs with several diseases. In specific con-
genital malformations and maybe in some instances of 
diabetes, they can also play a part. Among all, the echovi-
rus-induced diseases are aseptic meningitis, febrile infec-
tions without or with a cough, and rash. Table 1 describes 
different categories of EV71 [20].

5 � EV71 Receptors bind with host body
Some important EV71 viral receptors like P-selectin gly-
coprotein ligand 1 (PSGL-1), human scavenger receptor 
(hSCARB2), human dendritic cell-specific intercellular 
adhesion molecule-3 grabbing nonintegrin (DC-SIGN), 
annexin A2 (AnxA2), heparan sulphate (HS), and 
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sialylated glycan have the ability to bind with the host 
cells [21]. After binding the viral receptor with the host 
cell, the viral coat is dissociated and the RNA is released. 
The protein translation and viral replication start in the 
host cell as shown in Fig. 2 [22].

6 � The outbreak of EV71 in different countries
Initially, HFMD was detected in April 1957 with 8 chil-
dren infected in New Zealand and during the 1960s the 
major outbreak of HFMD occurred by the CVA16 virus 
[23]. In 1969, EV71 was detected in the USA in a 9-month 
baby with encephalitis. The virus also was identified in 
California, and after that, it spread across the world [24]. 

In 1997, the first major outbreak of HFMD occurred in 
the Asia–Pacific region.

In 1981, HFMD was first identified in Shanghai, 
China. Later, in 2008, approximately 488,955 cases were 
detected with a mortality rate of 126 in China [25, 26]. 
Between 2008 and 2012, around 7,200,092 infected 
patients were identified with a death rate of 2,457, which 
was announced by the Chinese Centre for Disease Con-
trol and Prevention. EV71 was an epidemic with the C4 
genotype in China [27]. On 3 May 2008, Chinese health 
authorities informed that the outbreak of EV71 mostly 
occurred in specific areas like Fuyang, Anhui, Zheji-
ang, and Guangdong. In 2008, total 3,3736 cases were 

Fig. 1  Structural representations of EV71

Table 1  Different categories of Enteroviruses (EV71)

SL. No Virus Serotypes Clinical diseases

1 Poliovirus 3 types Asymptomatic infection, viral meningitis, paralytic 
disease, poliomyelitis

2 Coxsackie A viruses 23 types (A1-A22, A24) Viral meningitis plus, rash, ARD, myocarditis, orchitis

3 Coxsackie B viruses 6 types (B1-B6) Viral meningitis, but no orchitis

4 Echoviruses 32 types Viral meningitis, with orchitis

5 Other enteroviruses 4 types (68–71) Viral meningitis
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detected, and among them 22 patients were dead, while 
42 were severely complicated cases. Approximately, 415 
patients were detected in 24 h in Fuyang. On 5 May 2008, 
around 6,300 patients were detected in Zhejiang with 
a death rate of 26, and 5,151 patients were detected in 
Anhui, while 8,531 cases with hand–foot–mouth disease 
were detected in China, where age of the affected infants 
was less than 6 or 2. In Taiwan, in the year 1998, around 
129,101 infected patients with HFMD were detected, 
and among them, 405 patients were found suffering from 
neurological disorders like meningitis and encephalitis 
with a mortality rate of 78. In 2008, 387 serious patients 
were identified with EV71 by HFMD, and the mortality 
rate was 14 in Taiwan [28]. In Taiwan, EV71 was identi-
fied in 44.4% of patients in the year 1998, 2% in 1999, and 
20.5% in 2000.

Most EV71 cases detected in 1998 were with geno-
type C, while 1/10 was identified with genotype B. The 
death rate of EV71 was 78 in 1998, 25 in 2000, and 26 in 
2001. Lin and Tzou categorized 1998 outbreak of Tai-
wan into 2 phases. The first phase was witnessed on 7 
June, with around 405 critical cases, and 91% of infants 
below 5  years old were dead [29]. Further, it was found 
that 16% of cases were seen in six months or younger 
children, while 43% were 7–12 months children, and 65 

out of 78 children lost lives due to pulmonary oedema or 
haemorrhage, which are associated with the lethal virus. 
The second phase occurred on 4 October with very few 
cases, which were detected in Southern Taiwan. In 2003, 
first EV71 infected child was identified in Vietnam with 
HFMD between 2011 and 2012, and around 200,000 
cases were detected with a mortality rate of 207. Approx-
imately, 63,780 cases were detected in the first 7 months 
of 2012 with HFMD [30].

Tran Minh Dien, vice director of the National Hos-
pital for infants, announced that 58.7% of cases were 
occurred by EV71 in Vietnam. In South Korea, the first 
infected patient with HFMD was recognized in spring 
2009 and hospitalized; after some days it was found that 
all the patients were dead owing to severe complications. 
Besides these, HFMD occurred in Japan in 1997–2000 
and Singapore and Malaysia in the year 1997. Chen et al. 
demonstrated that EV71 is mostly seen in Asia–Pacific 
countries. Moreover, the C4 genotype of EV71 is cur-
rently found in China, Hong Kong, Korea, and Vietnam, 
while B5 was found in Japan, Malaysia, and Taiwan.

In Australia, in June 2013 around 100 children were 
infected by EV71, of which four cases were detected in 
Sydney. In Cambodia, between April and July 2012, the 
fatality rate was 64, and 2 survived, who were under 

Fig. 2  EV71 viral receptors binding process with host body
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7 years old. Infected children died in between 24 h, and 
symptoms were mainly respiratory problems, fever, and 
neurological abnormalities. On 6 July 2012, out of 24, 
15 were found positive with EV71. After that, the infec-
tion rate gradually decreased. On 15 July 2012, WHO 
declared that Cambodia is free from EV71 [31].

7 � Molecular epidemiology
The Enterovirus 71 genotypes are detected in different 
countries, as shown in Table 2. In the year 1969, a child 
in the USA was detected EV-A71 with encephalitis [32]. 
After that, the infections got spread rapidly in the 1970s 
among the children of America, Europe, and Australia 
[33, 34]. In 2017, Shin et  al. reported that the EV-A71 
is closed by capsid proteins VP1, VP2, VP3, and VP4, 
where VP1 has antigenicity and neutralization factor. 
Further, Yi et  al. reported that based on the VP1 nucle-
otide sequence, EV-A71 can be classified as 3 separate 
genogroups such as A, B, and C [35, 36]. Genogroup A 
contains the prototype EV-A71 strain (BrCr-CA-70) and 
first detected in the USA in 1969, but in China, it was not 
detected until 2008.

According to Solomon et  al. [4] genogroup B is cat-
egorized into sub-genogroups, i.e. B1, B2, B3, B4, B5. 
Further, genogroup C is also classified into sub-geno-
groups C1, C2, C3, C4, and C5 [37, 38]. Moreover, the 
C4 genogroup is again subclassified into the C4a and 
C4b lineages. However, genogroup D was first detected 

in India, and genogroups E and F were first recognized 
in Africa [39]. In addition, EV71 is seen more in the 
Asia–Pacific region [40]. In the Asia–Pacific region, 
genogroup A was not detected until 2008, but geno-
groups B and C were identified since 1997. Moreover, 
the subgroups like B3, B4, C1, and C2 rapidly spread in 
this area since 1990–2016. Also, C4 and C4a were cir-
culating in this area, where the nucleotide and amino 
acid mutations of C4a are relatively found the same as 
C4b.

Further, it was found that the change of C4a to C4b 
is the major reason for increasing neurovirulence epi-
demics in China [41, 42]. From the genetic and anti-
genic analysis, it was reported that C4a was spreading 
not only from China to Vietnam, but also highly spread 
in Ho Chi Minh City, Southern Vietnam, in 2011. Bible 
et  al. reported that EV-A71 strains are also spread-
ing outside the Asia–Pacific region [43]. From 1963 to 
1986, B0, B1, and B2 subgroups were identified in the 
Netherlands [44]. Moreover, during the year 1987, B 
genogroup was replaced by C, C1, and C2 [45]. Based 
on the epidemiological study, subgroups B1, B2, C1, 
and C2 gradually spread its tentacles in Europe, Aus-
tralia, and the USA [46]. In addition to this, B3-B5, C4, 
and C5 were seen in the Asia–Pacific region from 1997, 
but not seen outside of that area. Gradually, EV-A71 
started spreading across the world [47]. From 1900 to 
2016, infections were rapidly spread by sub-genogroup 

Table 2  EV-A71 genotypes in different countries

Countries 1960–1969 year 1970–1979 year 1980–1989 
year

1990–1999 year 2000–2009 year 2010–2016 year

Singapore B3, B4 B4, B5, C1

Malaysia B3, B4 B4, B5, C1

Australia B3, C2 C1

Japan B3, B4, C2 B4, B5, C2, C4a C2

Korea B4, C2 C2, C3, C4a, C4b C4a

Taiwan B4, C2 B4, B5, C4, C5 B5, C4

China C4 C4, C4a

Cambodia C4

Vietnam C4, B5

France C1, C2, C4 C4

UK C1 C1, C2

Germany C1, C2

Austria C1, C4

Norway C1

Netherlands B0 B1 B1 C1 C1, C2

Hungary B1 C1, C4

Bulgaria B1

USA A B1 B1 C1, C2 C2

Peru C1
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B0, B1 and B2, C2, C3, C4a, and C4b. From the basis 
of molecular epidemiological study, it was found that 
mutated EV-A71 spread across the world, while the 
sub-genogroup B5 had a various antigenicity from B1, 
B4, C2, and C4 [47].

8 � Clinical symptoms in EV71
The most frequently observed disease in EV71-infected 
patients is pyrexia (eighty-one per cent) with a skin rash 
(seventy per cent), insomnia (sixty-six per cent), vomit-
ing (sixty-two per cent), lethargy (forty per cent), myo-
clonus (sixty per cent), and ataxia (forty-two per cent). 
CSF (cerebrospinal fluid) evaluations were carried out 
in 47 clients, where 45 were pleocytosis, 94/ml median, 
15–920/ml range among them. However, none of them 
had viruses isolated from specimens of CSF. The most 
frequently diagnosed vector of CA16 was HFMD, 
while CA5, CA9, and CA10 were statically identified 
as HFMD as a source among other recognized HFMD 
enteroviruses.

The EV71 and CA16 are highly neurotropic viruses 
that have caused severe CNS issues in patients, and 
these CNS complications have been identified as the 
primary causes of fatal HFMD. From the clinical exper-
iments in Western Australia, and Japan, Malaysia indi-
cate that hand–foot–mouth disease (HFMD) rashes 
may be variable because of CA16 and EV71. Rashes or 
erythema occurs due to CA16 in the arms and legs, of 
larger vesicles than the EV71 virus, where the rash is 
most commonly popular and petechial in those viruses. 
The  infection  of three  to four  days was characterized, 
as the disorder in the mouth, gums, palate, papulosicles 

and the distribution of vesicular enanthemum in the 
labia, buttocks, feet seen in EV71 patients. Some major 
clinical symptoms are briefly shown in Table 3 [48, 49].

9 � Pathogenesis
The flow chart of the pathogenesis of Enterovirus 71 
is presented in Fig.  3. Enterovirus 71 mostly occurred 
in brainstem encephalitis that specifically affects the 
medulla and is connected with cardiopulmonary dys-
function. EV71 infection is more effective in Asia with 
an excessive death rate. EV71 causes a highly burning 
illness that persists for 3–10 days. HFMD transmission 
can be controlled not only by isolating patients, but 
also by maintaining proper hygiene, like hand-washing 
in regular intervals and frequently cleaning the surfaces 
of accessible objects [50]. This virus causes serious 
health hazards and leads to death. EV71 is a neuro-
tropic virus, and the main target is to affect the brain 
stem [51]. EV71 can enter the CNS through two routes. 
The virus can either enter the CNS by the blood–brain 
barrier or by peripheral nerves through retrograde 
axonal transport [52]. EV71 virus also transmits to the 
CNS by peripheral motor nerves, and the skeletal mus-
cle gets immediately infected by the CNS not only by 
motor neurons but also by other neural pathways.

From the study of autopsy in Malaysia, inflammation 
was found in the spinal cord grey matter, brainstem, 
hypothalamus, subthalamic and dentate nuclei [53]. 
Neurological virulence is reported to be a major cause 
of death [54]. Li et al. [55] suggested that an L97R alter-
ation in the VP1 protein increases the neuronal tropism 
of EV71, although the alterations in VP1, 5’ NCR, and 
protease 2A affect viral virulence [55, 56]. The change 
in variation in the sequences in RNA causes some neu-
rological infections. The mechanism of action of pul-
monary oedema of EV71 infection is the destruction of 
the medial, ventral, and caudal medullas, which causes 
blood shift to the lungs [57]. Moreover, pulmonary 
oedema is also developed in children suffering from 
EV71 brainstem encephalitis.

It has also been reported that abnormal cytokine 
activation produces severe inflammation in the lungs 
[58]. From several studies, it was found that children 
suffering from severe EV71 encephalitis have cyto-
toxic T lymphocyte antigen haplotype (CTLA-4). It is 
also reported that EV71 causes aseptic meningitis and 
fever which are adverse health effects in children [59]. 
Based on autopsy studies, it was found that the mor-
tality rate of EV71 infection in Taiwan and Hong Kong 
had occurred by brainstem encephalitis. Enteroviruses 
not only get influenced by viral factors but also prolifer-
ate host factors in their life cycle. The interaction of the 

Table 3  The Clinical signs in EV71 patients

SL No Sign/Symptom Total no. of infected 
patients (%)

EV71 
infected 
patients (%)

1 Fever (°C) 81 43

2 Fever (37–38 °C) 8 4

3 Fever (38–39 °C) 34 18

4 Fever (> 39 °C) 40 21

5 Skin eruption 70 37

6 Vomiting 62 33

7 Myoclonus 60 32

8 Sleep disturbance 66 35

9 Lethargy 40 21

10 Ataxia 42 22

11 Neck stiffness 15 8

12 Headache 21 11

13 Apathy 9 5

14 Nystagmus 11 6



Page 8 of 11Nayak et al. Beni-Suef Univ J Basic Appl Sci           (2022) 11:78 

viral and host factors plays a key role in viral replica-
tion. Although tissue-specific viral virulence is poorly 
understood in cell-based systems and animal models, it 
needs more study in the future [60].

10 � EV71 vaccines
Some EV71 infections are not only symptomatic but also 
asymptomatic and can be controlled by vaccine [61]. Till 
date, different EV71 vaccines have been developed such 
as inactivates virus  vaccine and virus-like particle vac-
cine, DNA vaccines subunit vaccine also a live attenuated 
vaccine [62, 63]. From the previous study, it was reported 
that inactivated whole-virus EV71 vaccines are more 
effective as compared to other inactivated vaccines [64]. 
From the previous occurrence, it was also found that for-
maldehyde-inactivated EV71 vaccines are very effective 
and protective for any animal model.

On the other hand, a formalin-inactivated EV71 vac-
cine is expressed as an alum-adjuvant vaccine which 
causes cross-neutralizing antibody comebacks in a 
phase III trial. As per reports, about 30,000 children in 

China were cured in phase III clinical trials of inacti-
vated EV71 vaccines. In December 2015, China’s Food 
and Drug Administration officially investigated 2 
inactivated EV-A71 vaccines which inhibited serious 
HFMD in children. On the other hand, formalin-inac-
tivated EV71 vaccines were developed in Taiwan and 
Singapore which underwent Phase I clinical trials, and 
the results were excellent for preventing of EV71 infec-
tion. Although inactivated EV71 vaccines were mostly 
used for safeguarding the children, they had the poten-
tial to inhibit the replication of the viral genome.

The virus-like particles (VLPs) vaccines are com-
pletely different from the inactivated whole-virus EV71 
vaccines. VLPs vaccine possesses all surface epitopes of 
the capsid protein and is very less effective than inacti-
vated vaccines [65]. In addition to this, some new EV71 
vaccines such as DNA vaccines, subunit vaccines, and 
peptide vaccines have been developed. EV71 vaccine 
development is active and ongoing in Asian nations. 
Vaccine researchers and developers in both developed 

Fig. 3  Flow chart of pathogenesis of Enterovirus 71
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and developing countries must work together to 
develop a safe and effective EV71 vaccine.

11 � Conclusions
EV71 is a life-threatening disease for infants and chil-
dren across the world. This viral infection is fast-
spreading in Asia, causing chronical health hazards like 
HFMD, neurological abnormalities among children. 
HFMD is a viral and transmissible disease. Children 
get infected in 3  days after exposure to the virus and 
remain infectious until 10  days. The major symptoms 
of this infection are fever, runny nose, sneezing, cough, 
rashes in skin, ulcer in mouth and muscle aches, etc.

To date, no specific treatments have been found for 
EV71 virus. Children with mild symptoms are one of 
the reasons for non-polio enterovirus infection. Most of 
the children recover completely, but some get affected 
with serious complications or lethal to the virus. There-
fore, there is an urgency of treatment for these viral 
infections. EV71 vaccination is a priceless gift for chil-
dren in Asia–Pacific as well as across the world. Clini-
cal studies on inactivated EV71 vaccines have proven 
to be a useful weapon in the battle against EV71 infec-
tion-associated severe HFMD outbreaks. Companies 
in Asia lead the development of EV71 vaccines, dem-
onstrating that vaccine R&D and assessment in these 
Asian nations have improved. Nonetheless, market 
entrance approvals and applications in other countries 
with significant targeted populations of babies and chil-
dren face technological and legislative obstacles. Vac-
cine availability, the possibility of introducing the EV71 
vaccination into EPI, and the harmonization of vaccine 
standards are the hurdles. As a result, international col-
laboration is critical for controlling the spread of the 
EV71 vaccination in underdeveloped countries. WHO 
should take the lead in developing EV71 vaccine quality 
control and assessment standards.

The good news is that the National Institutes of 
Health’s National Institute of Food and Drug Control and 
the National Institute of Biological Standards and Con-
trol are working together to develop WHO neutralizing 
antibody standards for EV71 vaccines, which could help 
standardize vaccine quality control and evaluation. Only 
the Japanese encephalitis (JE) vaccine developed by the 
Chengdu Institute in China has received WHO pre-qual-
ification. The world still has a long way to go before the 
cost-effective EV71 vaccine is widely available.
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