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Enteroviruses (EV), the major pathogens of hand, foot, and mouth disease (HFMD) and herpangina, affect
millions of children each year. Most human enteroviruses cause self-limited infections except polio-
viruses, enterovirus A71 (EV-A71), enterovirus D68 (EV-D68), and several echoviruses (Echo) and cox-
sackieviruses (CV). Especially, EV-A71 has repeatedly caused large-scale outbreaks in the Asia-Pacific
region since 1997. Some Asian countries have experienced cyclical outbreaks of severe EV-A71 infections
and initiated development of EV-A71 vaccines. Five EV-A71 vaccine candidates have been clinically eval-
uated and three of them were approved for marketing in China. However, none of the China-approved
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Vaccine This situation supports a role for collaboration among Asian countries to facilitate clinical trials and

licensure of EV-A71 vaccines. Additionally, enterovirus D68 outbreaks have been reported in the US
and Taiwan currently and caused severe complications and deaths. Hence, an Asia-Pacific Network for
Enterovirus Surveillance (APNES) has been established to estimate disease burden, understand virus evo-
lution, and facilitate vaccine development through harmonizing laboratory diagnosis and data collection.
Founded in 2017, the APNES is comprised of internationally recognized experts in the field of enterovirus
in Asian countries working to raise awareness of this potentially fatal and debilitating disease. This article
demonstrated the summaries of the first expert meeting, 2017 International Workshop on Enterovirus
Surveillance and Vaccine Development, held by APNES in Taipei, Taiwan, March 2017.

Asia-Pacific region

1. Introduction

Enteroviruses (EV), the major pathogens of hand, foot, and
mouth disease (HFMD) and herpangina, affect millions of people
each year worldwide, especially among infants and young children
[1-3]. The genus Enterovirus belongs to the family Picornaviridae
and consists of 13 species, including four species causing human
infections (Enterovirus species A ~ D). Human EV could be classified
into more than 100 serotypes. Most human enteroviruses cause
self-limited infections except polioviruses, enterovirus A71 (EV-
A71), enterovirus D68 (EV-D68), and several echoviruses (Echo)
and coxsackieviruses (CV) which could result into neurological
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complications. Especially, EV-A71 has repeatedly caused large-
scale outbreaks of severe HFMD in the Asia-Pacific region since
1997 [4]. The rapid progression of severe complications, such as
central nervous system disease and cardiopulmonary failure, can
lead to death within 24 to 48 hours [5]. The overall household
transmission rate of EV-A71 was 52%, and particularly high at
84% among children under 6 years of age [6]. Patients with uncom-
plicated EV illness bring significant economic and medical impacts
on society with at least 1-4 days of missed school or lost work, and
direct medical costs of $69-771 USD per case and indirect costs of
$63-422 USD per case mainly attributable to parental missed work
[7].

EV-A71, one of the EV-A viruses, is the major etiologic agent of
HFMD and herpangina. Based on phylogenetic analysis of VP1
genes, EV-A71 viruses are divided into 8 genogroups A to H
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[8-10]. Genogroup A comprises the prototype EV-A71 strain (BrCr-
CA-70), which was isolated in 1970 in the United States [11]. Gen-
ogroup B and C can be further divided into major genotypes B1-B5
and C1-C5, respectively. Recently, genogroups D and G were iden-
tified in India [12], genogroups E and F were identified in Africa,
and genogroup H was identified in Pakistan [8-10]. Genogroup B
and C have been causing large-scale epidemics in Asia since
1997, particularly B4, B5, C2, C4 and C5 genotypes are often asso-
ciated with severe outcomes of large-scale EV-A71 epidemics in
Asia and the Pacific region [13-15]. The genogroups B4, B5, and
C4 are mainly restricted to Asian countries while C1 and C2 circu-
late mainly in Europe [16,17]. However, EV-A71 B5 has been
reported in France [18] and Denmark [19]. BO genotype was retro-
spectively identified in the Netherlands [20]. Distribution of EV-
A71 genotypes within and outside the Asia-Pacific region from
1963 to 2014 are shown in Figs. 1 and 2 respectively [4,16,19-31].

Since 1997, large-scale epidemics of severe EV-A71 infections
have been sequentially reported in Malaysia (1997), Taiwan
(1998), Singapore (2000), Vietnam (2005), Brunei (2006), China
(2007), and Cambodia (2012). Interestingly, EV-A71 strains circu-
lating in these countries are highly related, which showing that
genotype C4 and B5 viruses are endemic in China and Southern
Asia, respectively, and spread to other countries in this area
(Fig. 3). Some of these countries have experienced cyclical out-
breaks of severe EV-A71 infections and initiated development of
EV-A71 vaccines as a public health priority. Currently, three EV-
A71 vaccines have been licensed in China but none of them has
been qualified by the World Health Organization (WHO) or the
European Union (EU) for international distribution [32]. Longitudi-
nal surveillance data are critical for design of clinical trials and for-
mulation of vaccination policy [20,33]. Although the WHO Western
Pacific Regional Office (WPRO) has established a HFMD reporting
system since 2011, the system is hampered by some limitations.
First, the data format related to disease severity is not consistent.
Second, the online biweekly report does not include laboratory

diagnosis and EV serotyping. Overall, the HFMD reporting system
is not optimal to understand the epidemiology of different circulat-
ing EV serotypes [34,35]. Therefore, a laboratory-based enterovirus
surveillance network is urgently needed and would be more useful
to monitor the disease burdens of different circulating EV sero-
types, especially in Asian countries experiencing large-scale epi-
demics of EV-A71 infections [20].

To overcome the limitations of the current HFMD reporting sys-
tem, the Asia-Pacific Network for Enterovirus Surveillance (APNES)
was established through collaborations between academic institu-
tions and hospitals in Cambodia, Malaysia, Vietnam and Taiwan in
2017, with the aims of establishing harmonized laboratory diagno-
sis and estimating disease burdens of different enterovirus sero-
types to accelerate development of EV-A71 vaccines in these
countries. Founded in 2017, APNES comprised of internationally
recognized experts in the field of enterovirus in Asian countries
working to raise awareness of the potentially fatal and debilitating
disease. The APNES held its first expert meeting, 2017 International
Workshop on Enterovirus Surveillance and Vaccine Development,
in Taipei, Taiwan, March 2017. This conference focused on the sig-
nificant increases in enterovirus incidence in Asian countries
where the disease is endemic and in areas most affected by the
disease.

2. Laboratory diagnosis

Laboratory diagnosis is critical to differentiate EV serotyping
and genotyping. There are several methods for laboratory diagno-
sis of enterovirus infections, including virological, molecular, and
serological methods. Virological methods include virus isolation
and immunofluorescence assay (IFA). Molecular methods include
reverse transcription-polymerase chain reaction (RT-PCR) target-
ing 5 untranslated region (5'UTR), real-time RT-PCR targeting
VP1 gene, and consensus-degenerate hybrid oligonucleotide pri-
mers (CODEHOP) RT-PCR targeting VP1 gene (VP1-CODEHOP)

Country [ 19605 | 19705 1980

[ 1990 [ 1991 ] 1992 [ 1993 [ 1994 [ 1995 | 1996 [ 1997 | 1998 1999 | 2000 [ 2001 | 2002 2003 | 2004 2005 | 2006 [ 2007 | 2008 2009 | 2010 [ 2011 [ 2012 [ 2013 [ 2014

Asia-Pacifc Region

Bl
Australia Cl

B B B B4 BA B
Cl Cl

cocooc

o al o Lo

(Brunei

Cambodia

Cda  Cha

China

C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 (4 C4 C4 4 C4 4 4

Hong Kong

BI B2 B2
C1

Japan 3

C4 (4 C4 C4 4 C4 4 4 4 4 C4 4
B ' BB

C4 C4 C4 Cda Ch Ch

Korea

g a6 a6 o c3 C2
Cdb C4 (4 Cda C4 4

Malaysia

B3

cr ¢ ¢ c C Cc ¢ ¢ oc C1

[Philippines

Singapore

Ta

c_c @l C1

Bl Bl

Taiwan

- el m—

C4 4 o4 44 C4 Cc4 4

Thailand

C4 4 4 4 c4

Vietnam

Fig. 1. Distribution of EV-A71 genotypes in the Asia-Pacific region from 1963 to 2014.
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Fig. 3. International Spreading of EV-A71 in the Asia-Pacific Region. Map adapted from https://upload.wikimedia.org/wikipedia/commons/4/4d/BlankMap-World.svg.

[36-44]. Serological methods include neutralization assay and
enzyme-linked immunosorbent assay (ELISA) immunoglobulin M
(IgM). The advantages and disadvantages of laboratory diagnosis
methods for Enterovirus infections are listed in Table 1. Overall,

the real-time RT-PCR is the popular method for rapid diagnosis
of EV-A71 infections, but it can only detect one or two serotypes
of EV in one reaction [16]. In a direct comparison, the
VP1-CODEHOP performed better than virus isolation and 5'UTR
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Table 1
Laboratory diagnosis methods for determing serotypes of Enterovirus infections.

Methods Advantages

Disadvantages

Virus Isolation/ IFA
Real-Time RT-PCR
5'UTR RT-PCR

Provide virus isolates for further study
High sensitivity, Rapid test within 4 hours
High sensitivity, Time-saving (2-3 days)
VP1 CODEHOP RT-PCR High sensitivity and specificity, Time-saving (2-
3 days),

PCR product can be used for sequencing and
genotyping

High sensitivity and specificity

Rapid test within 4 hours

Neutralizing Assay
ELISA serum IgM

Chromatography serum
IgM

Rapid test within 1 hour

Low sensitivity, Time consuming (~7 days), Multiple monoclonal antibodies required
Multiple primers for different genotypes, High cost

Labor intensive, False positivity, Multiple primers for different genotypes, Sequencing
required

Labor intensive, Sequencing required

Time consuming due to requiring paired sera, Labor intensive, Live virus required
1. False positivity due to cross-reactivity

2. Low positivity in the first 2 days of disease onset

1. False positivity due to cross-reactivity with other EV

2. Low positivity in the first 2 days of disease onset

IFA = immunofluorescence assay; RT-PCR = reverse transcription polymerase chain reaction; CODEHOP = consensus degenerate hybrid oligonucleotide primer;

ELISA = enzyme-linked immunosorbent assay.

RT-PCR for detection of enterovirus infections using throat swabs.
In addition, the VP1-CODEHOP could be a better method for virus
surveillance because it can concurrently detect multiple EV sero-
types [15]. Moreover, the VP1-CODEHOP was recommended in
the WHO poliovirus surveillance guideline in 2015 [45]. Typical
enterovirus surveillance studies usually involves virus isolation
which requires multiple cell lines and good specimen quality and
transportation to increase sensitivity. At the moment, laboratory-
based enterovirus surveillance systems have not been harmonized.
Based on experiences from the laboratory-based global influenza
surveillance, harmonization is critical to the success of interna-
tional surveillance (http://www.who.int/influenza/gisrs_labora-
tory/en/). After considering cost and effectiveness, we propose a
work-flow guideline for laboratory-based enterovirus surveillance
investigation (Fig. 4). To reduce costs, it would be desirable to first
conduct the VP1-CODEHOP PCR. After obtaining the serotype and
genotype information through the VP1-CODEHOP PCR, throat
swabs from patients infected with unique serotypes and genotypes
could be selected for virus culture which could be further used for
genome sequencing using the next generation sequencing (NGS)
and antigenic analysis using serological assays. Recently, NGS tech-
nology has been applied for virus genomic studies and identifying
novel enteroviruses [46-49]. Moreover, the NGS could identify
coinfections of enteroviruses, which are common in children but
could not be easily differentiated using virus isolation and tradi-
tional molecular assays [47]. However, the NGS is time-
consuming and is still too expensive as a first-line diagnosis tool
[47]. Therefore, the APNES proposes to use the CODEHOP as the
first-line diagnosis tool and select unique samples for genome
sequencing using NGS. Several clinical specimens including throat
swabs, stools and cerebrospinal fluid (CSF) could be used to detect
enteroviruses. CSF could only be available from severe cases with
neurological complications and the other specimens could be
easily obtained from mild cases. Previous studies have shown that
throat swabs are the most sensitive clinical specimens for isolation
of EV-A71 [50-52]. Moreover, enterovirus could be detected in
stools of HFMD patients more than one month, which indicates
that stools are the ideal specimens for laboratory diagnosis of acute
enterovirus infections. Overall, throat swabs are the most suitable
clinical specimens for enterovirus surveillance. However, clinical
specimens may not be available in resource-limited areas or under
special situations. If this is the case, sewage samples could be used
to detect enteroviruses, which is recommended tool for global
poliovirus eradication [53]. Harmonized standard operation proce-
dures will be developed and released in the APNES website for
reference.

3. Enterovirus surveillance system

In order to monitor and control EV-A71 or HFMD outbreaks,
several surveillance systems at community or national levels have
been implemented in epidemic countries in the Asia-Pacific region,
[54] including China, [5] Japan, [55] Korea, [56] Malaysia, [57] Sin-
gapore, [58] Thailand, [59-60] Taiwan [15,61] and Vietnam, [62] as
well as other countries outside the Asia-Pacific region, including
Denmark, [63] Germany, [64] Greece, [3] Spain, [16] Switzerland
[65], the United States, [1] and the European Union [66,67].

To the best of our knowledge, Japan started the earliest HFMD
surveillance in 1983 compared to other Asian countries [55]. This
is followed by the Korea Centers for Disease Control and Preven-
tion (KCDC) National Enterovirus Surveillance System which has
monitored EV infections in 180 clinics since 1993 [56]. Malaysia
also commenced surveillance for HFMD and herpangina after the
huge outbreak in Sarawak and the Malaysian Peninsula in 1997
[57]. In Taiwan, a national EV surveillance system was established
by Taiwan Centers for Disease Control (Taiwan CDC) after EV-A71
epidemic occurred in 1998 [15,24]. Singapore initiated a clinical
surveillance system in April 1998 for identification of HFMD within
child-care centers during a HFMD epidemic to formulate a pre-
paredness response to monitor and manage severe HFMD out-
breaks. As a result of this, Singapore was well prepared to
manage its largest known HFMD outbreak at the end of 2000
[58]. Vietnam reported its first case of HFMD in 2003, and its
national surveillance data showed that the number of cases and
deaths due to HFMD increased dramatically year by year from
2007 to 2009, with a peak in 2011 [62]. After large outbreaks of
HFMD in multiple provinces in 2008, the Chinese government
established a national enhanced surveillance system in May
2008. From the national surveillance system of HFMD in China,
they found the risk of cardiopulmonary or neurological complica-
tions was 1-1%, and the case-fatality rate was 0-03%. Furthermore,
the severe-case fatality risk was 3-0%, with over 90% of deaths asso-
ciated with EV-A71 [2,5].

Outside the Asia-Pacific region, USA reported data collected
from the National Enterovirus Surveillance System (NESS) at the
Centers for Disease Control and Prevention (CDC) during
1983-2003. However, NESS is not a population-based surveillance
system [1]. Germany initiated the National Reference Centre for
Poliomyelitis and Enteroviruses in 2005 [64]. In Greece, a
supplementary laboratory surveillance of enteroviruses was
implemented in 2008 [3]. In Switzerland, an EV surveillance study
was conducted between January 2013 and December 2015 [65]. In
Denmark, an enhanced non-polio EV pilot surveillance system was
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Fig. 4. Study Flowchart of Asia-Pacific Network for Enterovirus Surveillance. Abbreviations: HFMD = Hand, Foot, and Mouth Disease; CODEHOP = Consensus-Degenerate

Hybrid Oligonucleotide Primer; NGS = Next Generation Sequencing.

established in September 2014 [63]. Spain implemented HFMD and
Enterovirus surveillance in 2016 [16]. Recently, the European Non-
Polio Enterovirus Network (ENPEN) has been established in the EU
to improve EV diagnostics, collate data on severe EV infections and
monitor the circulation of EV types [66,67]. Overall, only Japan and
Taiwan have established national laboratory-based enterovirus
surveillance systems which provide monthly enterovirus serotyp-
ing information in public domain [68,69]. This effort would be use-
ful for regional EV surveillance and should be expanded to other
Asia-Pacific countries with high risk of EV-A71 outbreaks.

By 2017, about 10 Asian countries had reported large-scale EV-
A71 outbreaks. Among them, development of EV-A71 vaccines has
been initiated in China, Malaysia, Singapore, Taiwan and Vietnam
but only three vaccine candidates were approved for marketing
in China [70]. Current production capacity of EV-A71 vaccines in
China is unable to meet the domestic demand and as such, Chinese
vaccine manufacturers are not planning to obtain marketing
approval in other countries. Therefore, it is desirable for other
Asian countries to collaborate through the establishment of the

Asia-Pacific Network for Enterovirus Surveillance (APNES) to share
essential epidemiological data to eventually initiate plans for EV
vaccine development. The APNES was established in 2017 by six
academic and medical institutions in Cambodia, Malaysia, Taiwan,
and Vietnam since these four countries have reported large-scale
EV-A71 epidemics and have larger birth cohorts for initiating effi-
cacy trials of EV vaccines (Table 2). The objective of APNES is to set
up a scientific platform to share knowledge and experience,
through information exchange and consultation, on epidemiology,
virology, and risk management of Enterovirus, particularly in the
Asia-Pacific region. The members of APNES include the Institut
Pasteur du Cambodge (IPC) in Cambodia, University of Malaya
(UM) and University Malaysia Sarawak (UNIMAS) in Malaysia,
the Children’s Hospital No. 1 of Ho Chi Minh City (CH1-HCMC)
and the Pasteur Institute of Ho Chi Minh City (PI-HCMC) in
Vietnam, and the National Health Research Institutes (NHRI) in
Taiwan. Table 2 provides some available information of severe
neurological cases related to enterovirus 71 epidemics in Asia since
1997.
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Table 2
Severe neurological cases related to enterovirus 71 epidemics in Asia since 1997.

Country (No. of newborn*) Year No. of severe cases * (death) No. tested (lab methods) No. of EV71-confirmed cases (death)
Cambodia 2012-2013 170 (98) 170 (qRT-PCR) 116 (81)
(367,000) [31] 2014 122 (NJA) 122 (qRT-PCR) 97 (N/A)
2015 30 (N/A) 30 (qRT-PCR) 7 (NJA)
2016 16 (N/A) 16 (qRT-PCR) 2 (N/A)
Sarawak, Malaysia (509,000") 1997 281 N/A N/A (0)
2000 461 286 (RT-PCR) 91 (1)
2003 244 231 (RT-PCR) 102 (2)
2005 201 80 (RT-PCR) 0(0)
2006 794 536 (RT-PCR) 86 (6)
2008 506 11 (RT-PCR) 9(2)
2009 687 58 (RT-PCR) 13 (0)
2012 331 209 (RT-PCR) 18 (0)
Taiwan (198,000) [69,78-79] 1998 405 (78) 96 (IFA) 78 (34)
2000 291 (41) 291 (IFA. RT-PCR) 151 (25)
2001 393 (58) 393 (IFA. RT-PCR) 182 (27)
2002 162 (30) 162 (IFA. RT-PCR) 57
2005 142 (16) 142 (IFA, qRT-PCR) 82 (8)
2008 373 (14) 373 (IgM, qRT-PCR) 346 (14)
2012 153 (2) 153 (IgM, qRT-PCR) 139 (1)
2016 33 (1) 33 (IgM, qRT-PCR) 23 (1)
Southern Vietnam (1,547,000 ") 2011 1547 1152 (RT-PCR) 1129
2012 2528 749 (RT-PCR) 728
2013 1420 489 (RT-PCR) 484
2014 850 262 (RT-PCR) 224
2015 609 80 (RT-PCR) 63
2016 442 70 (RT-PCR) 64

N/A: Not available.
" Average number of newborns per year from 2011 to 2015.
¥ Newborn data is based on national data.

* Definition of severe case: Cambodia- cardiopulmonary failure (CPF) or central nervous system (CNS) involvement; Taiwan- severe CNS involvement or CPF; Malaysia-
severe neurological complications or systemic disease; Vietnam-myoclonus, autonomic dysfunction with fever that is not responsive to antipyretics and with hyper-
tension and persistent tachycardia, cardiopulmonary compromise with pulmonary edema or hemorrhage [80].

4. EV-A71 vaccine development

EV-A71 or multivalent vaccines against enteroviruses is
urgently required to prevent repeatedly severe HFMD outbreaks
in some Asian countries. In response to the Bulgaria epidemic in
1975, an inactivated EV-A71 whole virus vaccine candidate was
produced in Moscow and evaluated in Bulgaria in 1976. This EV-
A71 vaccine candidate was well tolerated and immunogenic in
children 1-4 years of age. However, for the practical reason of hav-
ing no further outbreaks of EV-A71, the Bulgaria vaccine candidate

Table 3
Formalin-Inactivated EV71 vaccine candidates in human clinical trials.

was not further evaluated for its clinical efficacy [22,57]. Due to
large outbreaks of EV-A71 in Asia since 1997 and the absence of
effective treatment, the development of efficacious EV-A71 vacci-
nes has been a national priority in several Asian countries. Five
inactivated EV-A71 vaccine candidates have been developed in Tai-
wan, Singapore, and China and evaluated in Phase 1-3 clinical tri-
als (Table 3) [4,20,22].

In Taiwan, the Taiwan CDC and Taiwan NHRI developed a geno-
type B4-based EV-A71 vaccine and launched the first human Phase
I clinical trial in adults in 2010. A single vaccine dose of 5 ug or

Organizations Cell EV71 Strain Dosage (ug) Population Sample  Status References Technology Transfer
Line Target Size
Sinovac Biotech Co., Ltd  Vero C4a (HO7 1 6-35 month 10,077  marketing NCT01507857
(China) cell strain) children approved in
China
Beijing Vigoo Biological Vero C4a (FY7VP5 0.8 6-35 month 10,245 marketing NCT01508247 Wuhan Institute of Biological
Co., Ltd. (China) cell strain) children approved in Products Co., Ltd.
China
CAMS (China) KMB- C4a (FY- 0.25 6-71 month 12,000  marketing NCT01569581
17 cell 23K-B children approved in
strain) China
NHRI (Taiwan) Vero B4 5and 10 20-43 year 60 Phase 1 NTC01268787 Enimmune Corp.; Medigen
cell adults completed Vaccine Biologics Corp.
Enimmune Co. (Taiwan) Vero B4 0.25,0.5,1, 6month-6year 122 Phase 2 NCT02777411
cell 2 and 5 children completed
Medigen Vaccine Vero B4 150 2 month — 366 Phase 2 NCT02200237
Biologics Co. cell 12 year children completed
(Taiwan)
Inviragen (Singapore) Vero B2 0.6 and 3 Adults 36 Phase 1 NCT01376479
cell completed

Abbreviations: CAMS = Chinese Academy of Medical Sciences; NHRI = National Health Research Institute.
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10 pg was safe and highly immunogenic [71]. It elicited 100% sero-
conversion in naive volunteers and strong virus neutralizing anti-
body (VNA) responses (geometric mean titer [GMT]=210)
against the vaccine strain as well as against the B1, B5, and C4a
strains in 85% of the vaccines [72]. In contrast, neutralizing
response against C4b and an atypical C2 viruses were low but these
two EV71 genotypes are not currently circulating [20]. The geno-
type B4 candidate has been transferred to two local companies in
Taiwan for clinical development targeting young infants, which
have finished phase II studies and are planning phase III studies.

In Singapore, Inviragen (Takeda Pharmaceuticals Co Ltd) con-
ducted a Phase I trial in adults with an EV71 genotype B2 vaccine.
All subjects who received 0.6 pg or 3 pg of vaccine at days 0 and 28
seroconverted and developed VNA GMTs of 323 and 452, respec-
tively [20,24,73].

In China, three EV-A71 vaccine candidates were developed by
Beijing Vigoo Biological Co., Ltd, Sinovac Biotech Co., Ltd., and the
Institute of Medical Biology at the Chinese Academy of Medical
Sciences (CAMS). Beijing Vigoo Biological Co., Ltd transferred the
technology of EV-A71 vaccine to Wuhan Institute of Biological
Products Co., Ltd. in 2011. These three vaccine candidates in China
are all inactivated whole-virus alum-adjuvant vaccines that use C4
genotype virus as the vaccine strain and target infants and children
over 6 months of age [4]. Based on the results of Phase III clinical
trials of EV-A71 vaccines in China, the safety of the EV-A71 vaccine
is satisfactory in infants and children and can provide more than
90% protection against EV-A71-associated HFMD and 80% of EV-
A71-associated disease [20]. China FDA approved these three EV-
A71 vaccines during 2015-2017. The approved EV-A71 vaccines
are now in commercial production in China [4,74]. Nonetheless,
the certified Chinese vaccines are currently not pre-qualified by
WHO and have not obtained marketing approval outside China
[16]. Moreover, despite the clinical efficacy of EV-A71 vaccines in
China, they could not provide cross-protection across other Enter-
ovirus species such as CA2, CA6, CA10 and CA16, the main agents
responsible for HFMD outbreaks through the Western Pacific
Region [20,23,74,75]. Therefore, a combined multivalent vaccine
that can provide protection against various enterovirus serotypes
and can be applied worldwide is important for enterovirus
prevention.

An international network for enterovirus surveillance and clin-
ical trials is urgently needed to help design and conduct efficacy
trials in epidemic countries. The establishment of APNES was for
the following reasons. First, infants are the target population of
EV vaccines and multi-nation randomized controlled trials are
required to prove clinical protection in this age group. Second, lon-
gitudinal prospective cohort studies are warranted to clarify clini-
cal and epidemiological significances of the antigenic and genetic
variations, which are critical to the selection of vaccine strains
[22,71]. Third, an ideal EV vaccine should be inexpensive, safe,
compatible with large-scale production, easy to administer, and
acceptable to parents. Therefore, harmonization and standardiza-
tion of vaccine strain, quality control reagents and immunoassays,
and animal models at the international level is demanded to eval-
uate the potency of vaccine candidates and determine which man-
ufacturing process yields the most effective and most affordable
products [20].

5. Conclusion

EV-A71, the major cause of fatal HFMD outbreaks, causes cycli-
cal epidemics in several Asian countries [4]. In addition to EV-A71,
other novel enteroviruses such as newer strains of CV-A2, CV-A10,
ECHO11 and EV-D68, are increasingly becoming emerging threats
[76,77]. Therefore, it is desirable to establish a laboratory-based

enterovirus surveillance system in Asian countries experiencing
cyclical enterovirus epidemics. In this respect, we propose the
Asia-Pacific Network for Enterovirus Surveillance (APNES) as a
platform for international regional collaboration to monitor EV
evolution and to accelerate vaccine development.

Contributions

MLC contributed to the design, article analysis and drafted the
manuscript. MSL provided critical review and revision, and super-
vised the findings of this work. STL, YYC, WYC, TN and HKT verified
the analytical findings and provided comments. VD, PD, YFC, DP,
MHO conducted data collection for the epidemics table, provided
critical review and commentary on the manuscript. All authors dis-
cussed the results and contributed to the final manuscript.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgement

This project is partialy funded by National Flagship Project,
Taiwan (MOST 106-3114-Y404-002). We thank Dr. Paul Mendel-
man for critical review.

References

[1] Khetsuriani N, Lamonte A, Oberste MS, Pallansch M. Neonatal enterovirus
infections reported to the national enterovirus surveillance system in the
United States, 1983-2003. Pediatr Infect Dis ] 2006;25:889-93.

[2] Xing W, Liao Q, Viboud C, et al. Hand, foot, and mouth disease in China, 2008-
12: an epidemiological study. Lancet Infect Dis 2014;14:308-18.

[3] Pogka V, Labropoulou S, Emmanouil M, et al. Laboratory surveillance of polio
and other enteroviruses in high-risk populations and environmental samples.
Appl Environ Microbiol 2017;83. pii: e02872-16.

[4] Yi EJ, Shin YJ, Kim JH, Kim TG, Chang SY. Enterovirus 71 infection and vaccines.
Clin Exp Vacc Res 2017;6:4-14.

[5] QiuJ, Lu X, Liu X, et al. Derivation and validation of a mortality risk score for
severe hand, foot and mouth disease in China. Sci Rep 2017;7:3371.

[6] Chang LY, Tsao KC, Hsia SH, et al. Transmission and clinical features of
enterovirus 71 infections in household contacts in Taiwan. JAMA
2004;291:222-7.

[7] Pichichero ME, McLinn S, Rotbart HA, Menegus MA, Cascino M, Reidenberg BE.
Clinical and economic impact of enterovirus illness in private pediatric
practice. Pediatrics 1998;102:1126-34.

[8] Bessaud M, Razafindratsimandresy R, Nougairede A, et al. Molecular
comparison and evolutionary analyses of VP1 nucleotide sequences of new
African human enterovirus 71 isolates reveal a wide genetic diversity. PLoS
ONE 2014;9:e90624.

[9] Saxena VK, Sane S, Nadkarni SS, Sharma DK, Deshpande JM. Genetic diversity
of enterovirus A71, India. Emerg Infect Dis 2015;21:123-6.

[10] Majumdar M, Sharif S, Klapsa D, Wilton T, Alam MM, Fernandez-Garcia MD,
et al. Environmental surveillance reveals complex enterovirus circulation
patterns in human populations. Open Forum Infect Dis 2018;5:0fy250.

[11] Schmidt NJ, Lennette EH, Ho HH. An apparently new enterovirus isolated from
patients with disease of the central nervous system. ] Infect Dis
1974;129:304-9.

[12] Rao CD, Yergolkar P, Shankarappa KS. Antigenic diversity of enteroviruses
associated with nonpolio acute flaccid paralysis, India, 2007-2009. Emerg
Infect Dis 2012;18:1833-40.

[13] Sanders SA, Herrero LJ, McPhie K, et al. Molecular epidemiology of enterovirus
71 over two decades in an Australian urban community. Arch Virol
2006;151:1003-13.

[14] Zhang Y, Tan X], Wang HY, et al. An outbreak of hand, foot, and mouth disease
associated with subgenotype C4 of human enterovirus 71 in Shandong, China.
J Clin Virol 2009;44:262-7.

[15] Chia MY, Chiang PS, Chung WY, Luo ST, Lee MS. Epidemiology of enterovirus
71 infections in Taiwan. Pediatr Neonatol 2014;55:243-9.

[16] European Centre for Disease Prevention and Control. Outbreak of enterovirus
A71 with severe neurological symptoms among children in Catalonia, Spain.
Stockholm: ECDC; 2016. 14 June 2016.

[17] Wang SM, Liu CC. Enterovirus 71: epidemiology, pathogenesis and
management. Expert Rev Anti Infect Ther 2009;7:735-42.


http://refhub.elsevier.com/S0264-410X(19)31370-2/h0005
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0005
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0005
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0010
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0010
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0015
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0015
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0015
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0020
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0020
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0025
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0025
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0030
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0030
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0030
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0035
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0035
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0035
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0040
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0040
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0040
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0040
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0045
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0045
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0050
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0050
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0050
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0055
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0055
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0055
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0060
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0060
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0060
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0065
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0065
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0065
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0070
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0070
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0070
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0075
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0075
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0085
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0085

[18] Mirand A, Molet L, Hassel C, et al. Enterovirus A71 subgenotype B5, France,
2013. Emerg Infect Dis 2015;21:707-9.

[19] Badran SA, Midgley S, Andersen P, Bottiger B. Clinical and virological features
of enterovirus 71 infections in Denmark, 2005 to 2008. Scand ] Infect Dis
2011;43:642-8.

[20] Chong P, Liu CC, Chow YH, Chou AH, Klein M. Review of enterovirus 71
vaccines. Clin Infect Dis 2015;60:797-803.

[21] WHO. A Guide to Clinical Management and Public Health Response for Hand,
Foot and Mouth Disease (HFMD). Geneva: World Health Organization, 2011.

[22] Lee MS, Tseng FC, Wang R, Chi CY, Chong P, Su IJ. Challenges to licensure of
enterovirus 71 vaccines. PLoS Negl Trop Dis 2012;6:e1737.

[23] Solomon T, Lewthwaite P, Perera D, Cardosa MJ, McMinn P, Ooi MH. Virology,
epidemiology, pathogenesis, and control of enterovirus 71. Lancet Infect Dis
2010;10:778-90.

[24] Chang PC, Chen SC, Chen KT. The current status of the disease caused by
Enterovirus 71 Infections: epidemiology, pathogenesis, molecular
epidemiology, and vaccine development. Int ] Environ Res Public Health
2016;13: pii:E890.

[25] van der Sanden S, Koopmans M, Uslu G, van der Avoort H. Epidemiology of
enterovirus 71 in the Netherlands, 1963 to 2008. ] Clin Microbiol
2009;47:2826-33.

[26] Diedrich S, Weinbrecht A, Schreier E. Seroprevalence and molecular
epidemiology of enterovirus 71 in Germany. Arch Virol 2009;154:1139-42.

[27] Ortner B, Huang CW, Schmid D, et al. Epidemiology of enterovirus types
causing neurological disease in Austria 1999-2007: detection of clusters of
echovirus 30 and enterovirus 71 and analysis of prevalent genotypes. ] Med
Virol 2009;81:317-24.

[28] Kapusinszky B, Szomor KN, Farkas A, Takacs M, Berencsi G. Detection of non-
polio enteroviruses in Hungary 2000-2008 and molecular epidemiology of
enterovirus 71, coxsackievirus A16, and echovirus 30. Virus Genes
2010;40:163-73.

[29] Schuffenecker I, Mirand A, Antona D, et al. Epidemiology of human enterovirus
71 infections in France, 2000-2009. ] Clin Virol 2011;50:50-6.

[30] Akhmadishina LV, Govorukhina MV, Kovalev EV, Nenadskaya SA, Ivanova OE,
Lukashev AN. Enterovirus A71 meningoencephalitis outbreak, rostov-on-Don,
Russia, 2013. Emerg Infect Dis 2015;21:1440-3.

[31] Duong V, Mey C, Eloit M, et al. Molecular epidemiology of human enterovirus
71 at the origin of an epidemic of fatal hand, foot and mouth disease cases in
Cambodia. Emerg Microbes Infect 2016;5:e104.

[32] Pourianfar HR, Grollo L. Development of antiviral agents toward enterovirus
71 infection. ] Microbiol Immunol Infect 2015;48:1-8.

[33] Thoa le PK, Chiang PS, Khanh TH, et al. Genetic and antigenic characterization
of enterovirus 71 in Ho Chi Minh City, Vietnam, 2011. PLoS ONE 2013;8:
e69895.

[34] WHO WPRO. Hand, Foot and Mouth Disease (HFMD): World Health
Organization Western Pacific Region; 2017 [updated 13 September 2017;
cited 2017 23 September]. Available from: http://www.wpro.who.int/
emerging_diseases/HFMD/en/.

[35] WHO WPRO. Hand, Foot and Mouth Disease Situation Update: World Health
Organization Western Pacific Region; 2017 [updated 13 September 2017; cited
2017 23 September]. Available from: http://www.wpro.who.int/emerging_
diseases/hfmd_biweekly_20170913.pdf?ua=1.

[36] Oberste MS, Maher K, Kilpatrick DR, Flemister MR, Brown BA, Pallansch MA.
Typing of human enteroviruses by partial sequencing of VP1. ] Clin Microbiol
1999;37:1288-93.

[37] Oberste MS, Maher K, Kilpatrick DR, Pallansch MA. Molecular evolution of the
human enteroviruses: correlation of serotype with VP1 sequence and
application to picornavirus classification. ] Virol 1999;73:1941-8.

[38] Brown BA, Oberste MS, Alexander Jr JP, Kennett ML, Pallansch MA. Molecular
epidemiology and evolution of enterovirus 71 strains isolated from 1970 to
1998. ] Virol 1999;73:9969-75.

[39] Cardosa M]J, Perera D, Brown BA, et al. Molecular epidemiology of human
enterovirus 71 strains and recent outbreaks in the Asia-Pacific region:
comparative analysis of the VP1 and VP4 genes. Emerg Infect Dis 2003;9:462.

[40] Perera D, Shimizu H, Yoshida H, et al. A comparison of the VP1, VP2, and VP4
regions for molecular typing of human enteroviruses. ] Med Virol
2010;82:649-57.

[41] Tan EL, Chow VTK, Kumarasinghe G, et al. Specific detection of enterovirus 71
directly from clinical specimens using real-time RT-PCR hybridization probe
assay. Mol Cell Probes 2006;20:135-40.

[42] Tan EL, Yong LL, Quak SH, Yeo WC, Chow VT, Poh CL. Rapid detection of
enterovirus 71 by real-time TagMan RT-PCR. ] Clin Virol 2008;42:203-6.

[43] Xiao XL, He YQ, Yu YG, et al. Simultaneous detection of human enterovirus 71
and coxsackievirus A16 in clinical specimens by multiplex real-time PCR with
an internal amplification control. Arch Virol 2009;154:121-5.

[44] Nix WA, Oberste MS, Pallansch MA. Sensitive, seminested PCR amplification of
VP1 sequences for direct identification of all enterovirus serotypes from
original clinical specimens. ] Clin Microbiol 2006;44:2698-704.

[45] WHO Regional Office for Europe. Enterovirus surveillance guidelines.
Guidelines for enterovirus surveillance in support of the Polio Eradication
Initiative. Copenhagen: WHO Regional Office for Europe, 2015.

[46] Chien YS, Luo ST, Tsao KC, Wang YH, Lin TY, Huang YC, et al. Genomic analysis
of enterovirus D68, including one strain isolated from a child with Wilson’s
disease in Taiwan. ] Formos Med Assoc 2019;118:641-6.

M.-L. Chiu et al./Vaccine 38 (2020) 1-9

[47] Chien YS, Luo ST, Tsao KC, Huang YC, Chung WY, Liao YC, et al. Genomic
analysis of serologically untypable human enteroviruses in Taiwan. ] Biomed
Sci 2019;26:49.

[48] Geoghegan ]JL, Tan le V, Kuhnert D, Halpin RA, Lin X, Simenauer A, et al.
Phylodynamics of Enterovirus A71-associated hand, foot, and mouth disease in
Viet Nam. ] Virol 2015;89:8871-9.

[49] Palmenberg AC, Spiro D, Kuzmickas R, Wang S, Djikeng A, Rathe JA, et al.
Sequencing and analyses of all known human rhinovirus genomes reveal
structure and evolution. Science (New York, NY) 2009;324:55-9.

[50] Chang LY, Lin TY, Huang YC, et al. Comparison of enterovirus 71 and coxsackie-
virus A16 clinical illnesses during the Taiwan enterovirus epidemic, 1998.
Pediatr Infect Dis ] 1999;18(12):1092-6.

[51] Chang LY, Hsia SH, Wu CT, et al. Outcome of enterovirus 71 infections with or
without stage-based management: 1998 to 2002. Pediatr Infect Dis ] 2004;23
(4):327-32.

[52] Ooi MH, Solomon T, Podin Y, et al. Evaluation of different clinical sample types
in diagnosis of human enterovirus 71-associated hand-foot-and-mouth
disease. ] Clin Microbiol 2007;45(6):1858-66.

[53] Majumdar M, Klapsa D, Wilton T, et al. Isolation of vaccine-like poliovirus
strains in sewage samples From the United Kingdom. ] Infect Dis 2018;217
(8):1222-30.

[54] Zander A, Britton PN, Navin T, Horsley E, Tobin S, McAnulty JM. An outbreak of
enterovirus 71 in metropolitan Sydney: enhanced surveillance and lessons
learnt. Med ] Aust 2014;201:663-6.

[55] Hosoya M, Kawasaki Y, Sato M, et al. Genetic diversity of enterovirus 71
associated with hand, foot and mouth disease epidemics in Japan from 1983 to
2003. Pediatr Infect Dis ] 2006;25:691-4.

[56] Kim H]J, Hyeon JY, Hwang S, et al. Epidemiology and virologic investigation of
human enterovirus 71 infection in the Republic of Korea from 2007 to 2012: a
nationwide cross-sectional study. BMC Infect Dis 2016;16:425.

[57] McMinn PC. An overview of the evolution of enterovirus 71 and its clinical and
public health significance. FEMS Microbiol Rev 2002;26:91-107.

[58] Chan KP, Goh KT, Chong CY, Teo ES, Lau G, Ling AE. Epidemic hand, foot and
mouth disease caused by human enterovirus 71, Singapore. Emerg Infect Dis
2003;9:78-85.

[59] Linsuwanon P, Puenpa J, Huang SW, et al. Epidemiology and seroepidemiology
of human enterovirus 71 among Thai populations. ] Biomed Sci 2014;21:16.

[60] Chatproedprai S, Theanboonlers A, Korkong S, Thongmee C, Wananukul S,
Poovorawan Y. Clinical and molecular characterization of hand-foot-and-
mouth disease in Thailand, 2008-2009. Jpn ] Infect Dis 2010;63:229-33.

[61] Chan TC, Hwang JS, Chen RH, King CC, Chiang PH. Spatio-temporal analysis on
enterovirus cases through integrated surveillance in Taiwan. BMC Public
Health 2014;14:11.

[62] Nguyen NT, Pham HV, Hoang CQ, et al. Epidemiological and clinical
characteristics of children who died from hand, foot and mouth disease in
Vietnam, 2011. BMC Infect Dis 2014;14:341.

[63] Barnadas C, Midgley SE, Skov MN, Jensen L, Poulsen MW, Fischer TK. An
enhanced Enterovirus surveillance system allows identification and
characterization of rare and emerging respiratory enteroviruses in Denmark,
2015-16. ] Clin Virol 2017;93:40-4.

[64] Roth B, Enders M, Arents A, Pfitzner A, Terletskaia-Ladwig E. Epidemiologic
aspects and laboratory features of enterovirus infections in Western Germany,
2000-2005. ] Med Virol 2007;79:956-62.

[65] Cordey S, Schibler M, L'Huillier AG, et al. Comparative analysis of viral
shedding in pediatric and adult subjects with central nervous system-
associated enterovirus infections from 2013 to 2015 in Switzerland. ] Clin
Virol 2017;89:22-9.

[66] Harvala H, Broberg E, Benschop K, Berginc N, Ladhani S, Susi P, et al.
Recommendations for enterovirus diagnostics and characterisation within and
beyond Europe. ] Clin Virol : Offic Public Pan Am Soc Clin Virol 2018;101:11-7.

[67] Harvala H, Jasir A, Penttinen P, Pastore Celentano L, Greco D, Broberg E.
Surveillance and laboratory detection for non-polio enteroviruses in the
European Union/European Economic Area, 2016. Euro surveillance : bulletin
Europeen sur les maladies transmissibles = European communicable disease
bulletin. 2017;22.

[68] National Institute of Infectious Diseases Japan. Infectious Agents Surveillance
Report: National Institute of Infectious Diseases, Japan; 2018 [Available from:
https://www.niid.go.jp/niid/en/iasr-e.html.]

[69] Taiwan Centers for Disease Control. Taiwan National Infectious Disease
Statistics System 2018 [Available from: https://nidss.cdc.gov.tw/en/Default.
aspx.]

[70] Zhou Y, Li JX, Jin PF, Wang YX, Zhu FC. Enterovirus 71: a whole virion
inactivated enterovirus 71 vaccine. Expert Rev Vacc 2016;15:803-13.

[71] Cheng A, Fung CP, Liu CC, Lin YT, Tsai HY, Chang SC, et al. A phase I,
randomized, open-label study to evaluate the safety and immunogenicity of an
enterovirus 71 vaccine. Vaccine 2013;31(20):2471-6.

[72] Chou AH, Liu CC, Chang Y, Jiang R, Hsieh YC, Tsao A, et al. Formalin-inactivated
EV71 vaccine candidate induced cross-neutralizing antibody against
subgenotypes B1, B4, B5 and C4A in adult volunteers. PLoS ONE 2013;8(11):
e79783.

[73] Kung YA, Hung CT, Liu YC, Shih SR. Update on the development of enterovirus
71 vaccines. Expert Opin Biol Ther 2014;14(10):1455-64.

[74] Chan JH, Law CK, Hamblion E, Fung H, Rudge ]. Best practices to prevent
transmission and control outbreaks of hand, foot, and mouth disease in


http://refhub.elsevier.com/S0264-410X(19)31370-2/h0090
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0090
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0095
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0095
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0095
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0100
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0100
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0110
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0110
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0115
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0115
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0115
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0120
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0120
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0120
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0120
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0125
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0125
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0125
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0130
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0130
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0135
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0135
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0135
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0135
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0140
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0140
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0140
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0140
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0145
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0145
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0150
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0150
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0150
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0155
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0155
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0155
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0160
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0160
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0165
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0165
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0165
http://www.wpro.who.int/emerging_diseases/HFMD/en/
http://www.wpro.who.int/emerging_diseases/HFMD/en/
http://www.wpro.who.int/emerging_diseases/hfmd_biweekly_20170913.pdf%3fua%3d1
http://www.wpro.who.int/emerging_diseases/hfmd_biweekly_20170913.pdf%3fua%3d1
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0180
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0180
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0180
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0185
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0185
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0185
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0190
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0190
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0190
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0195
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0195
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0195
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0200
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0200
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0200
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0205
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0205
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0205
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0210
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0210
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0215
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0215
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0215
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0220
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0220
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0220
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0230
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0230
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0230
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0235
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0235
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0235
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0240
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0240
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0240
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0245
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0245
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0245
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0250
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0250
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0250
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0255
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0255
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0255
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0260
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0260
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0260
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0265
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0265
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0265
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0270
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0270
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0270
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0275
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0275
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0275
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0280
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0280
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0280
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0285
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0285
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0290
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0290
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0290
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0295
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0295
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0300
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0300
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0300
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0305
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0305
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0305
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0310
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0310
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0310
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0315
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0315
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0315
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0315
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0320
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0320
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0320
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0325
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0325
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0325
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0325
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0330
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0330
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0330
https://www.niid.go.jp/niid/en/iasr-e.html
https://nidss.cdc.gov.tw/en/Default.aspx
https://nidss.cdc.gov.tw/en/Default.aspx
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0350
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0350
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0355
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0355
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0355
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0360
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0360
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0360
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0360
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0365
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0365
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0370
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0370

M.-L. Chiu et al./Vaccine 38 (2020) 1-9 9

childcare facilities: a systematic review. Hong Kong Med ] = Xianggang yi xue
za zhi. 2017;23(2):177-90.

[75] Reed Z, Cardosa M]. Status of research and development of vaccines for
enterovirus 71. Vaccine 2016;34(26):2967-70.

[76] Weng Y, Chen W, He W, Huang M, Zhu Y, Yan Y. Serotyping and genetic
characterization of hand, foot, and mouth disease (HFMD)-associated
Enteroviruses of No-EV71 and non-CVA16 circulating in Fujian, China, 2011~
2015. Med Sci Monit 2017;23:2508.

[77] Lu QB, Wo Y, Wang HY, et al. Detection of enterovirus 68 as one of the
commonest types of enterovirus found in patients with acute respiratory tract
infection in China. ] Med Microbiol 2014;63:408-14.

[78] Lin TY, Twu SJ], Ho MS, Chang LY, Lee CY. Enterovirus 71 outbreaks, Taiwan:
occurrence and recognition. Emerg Infect Dis 2003;9:291-3.

[79] Chang LY. Enterovirus 71 in Taiwan. Pediatr Neonatol 2008;49:103-12.

[80] Khanh TH, Sabanathan S, Thanh TT, et al. Enterovirus 71-associated hand, foot,
and mouth disease, Southern Vietnam, 2011. Emerg Infect Dis 2012;18:2002.

Dr. Chiu is a public health professional who is currently working on epidemiology in
Asian populations. Her research focuses on surveillance of infectious diseases.


http://refhub.elsevier.com/S0264-410X(19)31370-2/h0370
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0370
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0375
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0375
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0380
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0380
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0380
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0380
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0385
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0385
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0385
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0390
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0390
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0395
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0400
http://refhub.elsevier.com/S0264-410X(19)31370-2/h0400

	Establishment of Asia-Pacific Network for Enterovirus Surveillance
	1 Introduction
	2 Laboratory diagnosis
	3 Enterovirus surveillance system
	4 EV-A71 vaccine development
	5 Conclusion
	Contributions
	Declaration of Competing Interest
	Acknowledgement
	References


