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Enterovirus 71 (EV71) had been first iden-
tified in California, USA in 1969 [1]. Since 
then, outbreaks of hand, foot and mouth 
disease (HFMD) caused by EV71 have been 
reported worldwide [2]. In the last 15 years, 
EV71-associated HFMD epidemics have 
been increasingly reported across the Asia-
Pacific region, including Malaysia, Taiwan, 
Japan, Singapore, Vietnam, mainland China, 
Hong Kong and Cambodia [3–8]. Recently, 
three EV71 vaccine candidates developed 
in mainland China had been tested success-
fully in Phase III clinical trials [9–11]. All the 
three EV71 vaccines were alum-adjuvant-
inactivated whole-virus vaccines. Although 
the techniques of the production process of 
the EV71 vaccines may vary in some aspects, 
all of them were demonstrated to be highly 
efficacious against EV71-associated disease in 
the first year after vaccination [12].

Immunization with EV71 vaccine in 
realistic conditions
Currently, the EV71 vaccine candidates are 
undergoing regulatory vetting in China. 
It is possible that China will become the 
first country to have vaccines against EV71 
available on the market in the near future. 
Although EV71 vaccine candidates have 
demonstrated a good safety profile, satisfying 
immunogenicity and significant efficacy in 
Phase III trials, the long-term immunogenic-
ity still needs further investigation, especially 
when massive immunization campaigns with 
EV71 vaccine are launched after its approval. 
In the clinical trials, considerable efforts were 
made to ensure that every aspect of adminis-

tration with EV71 vaccines were under ideal 
conditions, therefore data collected in these 
trials may be better than that in reality. The 
participants recruited in clinical trials may be 
healthier children who may present a better 
immune response to EV71 vaccines or chil-
dren who may have a cleaner baseline EV71 
antibody in serum. Vaccine efficacy could 
also be influenced by age, nutritional status 
and co-infection. In addition, programmatic 
factors such as errors in vaccine storage, 
preparation or administration and the drop 
out between the first and second dose can 
also impair the vaccine efficacy. Therefore, 
the efficacy of the EV71 vaccine in practical 
immunization programs in populations may 
not be as high as that in the controlled clini-
cal studies. If a large-scale immunization with 
EV71 vaccine is carried out in a population, 
naive children who receive EV71 vaccines 
will become seroprotected against EV71. 
Then, the accumulation of susceptible chil-
dren to EV71 would be significantly reduced 
and the epidemic patterns of EV71 could be 
altered, as the EV71 circulation is suppressed 
by EV71 vaccines. However, recent studies 
showed that the neutralizing antibody elicited 
by EV71 vaccine waned rapidly with time. 
There is concern that the vaccinated children 
may become vulnerable to EV71 again as the 
EV71 neutralizing antibody drops to a very 
low level as the child ages.

Long-term surveillance on EV71 
after the vaccine approval
Epidemiological surveillance could not only 
provide disease burden data for deciding 
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on vaccine licensing, but also enable the collection of 
data on the impact of the EV71 vaccine after market 
approval. The dynamic changes of EV71 neutralizing 
antibody levels as well as the vaccine efficacy in children 
for a long period of time could provide vital evidence to 
deploy a booster immunization strategy.

Although the EV71 vaccines have been assessed in 
more than 15,000 children in clinical trials and been 
proven to be fairly safe with a relatively low incidence 
of adverse reactions, the safety profile of the EV71 
vaccine still needs further observation to identify 
some rare and serious late-onset adverse reactions, in 
cases where some rare adverse events may not have 
been captured in clinical trials. There should also be 
data about the impact on safety and efficacy on other 
routine vaccines that are given in children at the same 
time. Besides, strengthening the surveillance systems 
to identify all the probable EV71-vaccination asso-
ciated cases is a worthy investment for the vaccine 
immunization program and controlling of EV71-
associated disease or HFMD in the future. How-
ever, currently the data from surveillance systems are 
rarely complete, owing to numerous weaknesses [13]. 
On the other hand, EV71 is prone to genetic recom-
bination and mutation. Recombination can occur 
among EV71 strains of different genotypes, and 
occasionally even between EV71 and other enterovi-
ruses [14]. The implemention of immunization with 
EV71 vaccines may further promote EV71 to gener-
ate new genotypes and serotypes by suppressing the 
circulation of normal strains of EV71. Although pre-
vious studies have shown that EV71 vaccine with a 
signal genotype could stimulate a wide spectrum of 
antibodies against other EV71 genotypes, this may 
not always be the case [12]. In Taiwan, scientists had 
discovered a C2-like subgenogroup strain of EV71, 
which showed significantly different antigenicity 
from other EV71 genotypes [15]. Therefore, surveil-
lance for epidemiological variations in EV71 will be 
crucial to determine whether the vaccine has ongo-
ing efficacy and if any genotype replacement has 
occurred.

Development trend of HFMD vaccines in 
the future
Although the EV71 vaccine is considered an effi-
cient control for HFMD epidemics, EV71 is not the 

only pathogen that can cause HFMD. If the public 
expects this EV71 vaccine to eliminate all HFMDs, 
they will be disappointed. There are several other 
enteroviruses that could cause a HFMD epidemic, 
such as Coxsackie virus (CA) and Echoviruses [16]. In 
Phase III trials, EV71 vaccine has been confirmed to 
have little cross-protection against CA16 and other 
non-EV71 enteroviruses [9,11]. Recently, there have 
been reports of CA16 showing rising epidemics in 
Singapore, Finland, France, India, Taiwan, main-
land China and Japan, which has aroused the con-
cerns worldwide [17]. If EV71 is suppressed by immu-
nization of EV71 vaccines, it is likely that CA16 or 
other enteroviruses may take EV71’s place to become 
the predominant enterovirus circulating during the 
HFMD epidemics. As a result, the best strategy to 
control HFMD is to develop combined CA16–EV71 
vaccines or multivalent enteroviruses vaccines that 
could protect children from EV71, CA16 and other 
enteroviruses simultaneously. Currently, several com-
bined CA16–EV71 vaccine candidates are under 
development and they have been shown to provide a 
balanced protective immunity in animal models [18].

However, EV71 vaccine is still an important mile-
stone for the HFMD control, as EV71 caused the 
majority of the severe HFMD cases. The decision of 
whether EV71 vaccine should be added to a national 
expanded programme of immunization needs further 
integrated assessment, including cost–effectiveness, 
feasibility and contextual considerations in different 
regions. As any new vaccine first on the market, EV71 
vaccine might be produced by a limited number of 
manufacturers and it might take time for the vaccine 
market to reach a level of maturity in terms of both 
supply and price. In China where HFMD morbidity 
and mortality is relatively high, the expected benefits 
can far outweigh the risk of adverse effects.
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“...the best strategy to control hand, foot 
and mouth disease is to develop combined 

CA16–EV71 vaccines or multivalent enteroviruses 
vaccines that could protect children from EV71, 
CA16 and other enteroviruses simultaneously.”

“In China where hand, foot and mouth disease 
morbidity and mortality is relatively high, the 
expected benefits can far outweigh the risk of 

adverse effects.”



www.future-science.com 681future science group

Clinical progress for enterovirus 71 vaccines: what does the future hold?    Editorial

References
1	 Schmidt NJ, Lennette EH, Ho HH. An apparently new 

enterovirus isolated from patients with disease of the central 
nervous system. J. Infect. Dis. 129(3), 304–309 (1974).

2	 Solomon T, Lewthwaite P, Perera D, Cardosa MJ, McMinn 
P, Ooi MH. Virology, epidemiology, pathogenesis, and 
control of enterovirus 71. Lancet Infect. Dis. 10(11), 
778–790 (2010).

3	 Chan LG, Parashar UD, Lye MS et al. Deaths of children 
during an outbreak of hand, foot, and mouth disease in 
sarawak, malaysia: clinical and pathological characteristics 
of the disease. For the Outbreak Study Group. Clin. Infect. 
Dis. 31(3), 678–683 (2000).

4	 Ho M, Chen ER, Hsu KH et al. An epidemic of enterovirus 
71 infection in Taiwan. Taiwan Enterovirus Epidemic 
Working Group. N. Engl. J. Med. 341(13), 929–935 
(1999).

5	 Mizuta K, Abiko C, Murata T et al. Frequent importation 
of enterovirus 71 from surrounding countries into the local 
community of Yamagata, Japan, between 1998 and 2003. 
J. Clin. Microbiol. 43(12), 6171–6175 (2005).

6	 Singh S, Chow VT, Phoon MC, Chan KP, Poh CL. 
Direct detection of enterovirus 71 (EV71) in clinical 
specimens from a hand, foot, and mouth disease outbreak 
in Singapore by reverse transcription-PCR with universal 
enterovirus and EV71-specific primers. J. Clin. Microbiol. 
40(8), 2823–2827 (2002).

7	 Tu PV, Thao NT, Perera D et al. Epidemiologic and 
virologic investigation of hand, foot, and mouth disease, 
southern Vietnam, 2005. Emerg. Infect. Dis. 13(11), 
1733–1741 (2007).

8	 Ma E, Lam T, Chan KC, Wong C, Chuang SK. Changing 
epidemiology of hand, foot, and mouth disease in Hong 
Kong, 2001–2009. Jpn J. Infect. Dis. 63(6), 422–426 
(2010).

9	 Zhu FC, Meng FY, Li JX et al. Efficacy, safety, and 
immunology of an inactivated alum-adjuvant enterovirus 
71 vaccine in children in China: a multicentre, randomised, 
double-blind, placebo-controlled, Phase 3 trial. Lancet 
381(9882), 2024–2032 (2013).

10	 Li R, Liu L, Mo Z et al. An inactivated enterovirus 71 
vaccine in healthy children. N. Engl. J. Med. 370(9), 
829–837 (2014).

11	 Zhu F, Xu W, Xia J et al. Efficacy, safety, and 
immunogenicity of an enterovirus 71 vaccine in China. 
N. Engl. J. Med. 370(9), 818–828 (2014).

12	 Li JX, Mao QY, Liang ZL, Ji H, Zhu FC. Development of 
enterovirus 71 vaccines: from the lab bench to Phase III 
clinical trials. Expert Rev. Vaccines 13(5), 609–618 (2014).

13	 Xing W, Liao Q, Viboud C et al. Hand, foot, and mouth 
disease in China, 2008–2012: an epidemiological study. 
Lancet Infect. Dis. 14(4), 308–318 (2014).

14	 Tee KK, Lam TT, Chan YF et al. Evolutionary genetics of 
human enterovirus 71: origin, population dynamics, natural 
selection, and seasonal periodicity of the VP1 gene. J. Virol. 
84(7), 3339–3350 (2010).

15	 Huang YP, Lin TL, Hsu LC et al. Genetic diversity and 
C2-like subgenogroup strains of enterovirus 71, Taiwan, 
2008. Virol. J. 7, 277 (2010).

16	 WHO. A Guide to clinical management and public health 
response for hand, foot and mouth disease (HFMD). 
www.wpro.who.int/publications/docs/
GuidancefortheclinicalmanagementofHFMD.pdf

17	 Lee MS, Tseng FC, Wang JR, Chi CY, Chong P, Su IJ. 
Challenges to licensure of enterovirus 71 vaccines. PLoS Negl. 
Trop. Dis. 6(8), e1737 (2012).

18	 Cai Y, Ku Z, Liu Q, Leng Q, Huang Z. A combination 
vaccine comprising of inactivated enterovirus 71 and 
coxsackievirus A16 elicits balanced protective immunity 
against both viruses. Vaccine 32(21), 2406–2412 (2014).


