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Summary

What is already known about this topic?
Enterovirus 71 (EV-A71) is the main causative
pathogen for severe and fatal patients with Hand, Foot,
and Mouth Disease (HFMD) in mainland China from
2008 to 2017. Non-EV-A71 and non-CV-A16 (other
enterovirus) serotypes were the major causative-
serotypes for mild HEMD in years of 2013, 2015, and
2017.

What is added by this report?

In 2018, other enterovirus serotypes replaced EV-A71
for the first time as the major cause of severe HFMD
with a proportion of 70.7%. However, at the national
level, only a small proportion of the other enterovirus
serotypes were further identified as CV-A6 and CV-
A10.

What are the limitations for public health
practice?

Further identification of other enterovirus serotypes is
highly recommended for provincial CDCs, especially
for severe HFMD. Studies contributing to a
multivalent vaccine for HFMD should be prioritized.

Hand, foot, and mouth disease (HFMD) is a
common pediatric disease affecting children’s health in
China caused by various human enteroviruses (7).
Enterovirus 71 (EV-A71) and Coxsackievirus Al6
(CV-A16) are the most common causative serotypes
(I-2). EV-A71 is the most frequently reported
serotype responsible for severe and fatal HFMD (1),
but other enterovirus serotypes, such as enterovirus A
species, CV-AG6, and CV-Al0, can also lead to
neurological complications (3-4). The results of
surveillance data indicate that EV-A71 is the
predominant serotype in 2008 to 2012 and 2014, and
other enterovirus serotypes are predominant in 2013,
2015, and 2017 (5). The proportion of other
enterovirus serotypes is dramatically increased in

patients with mild conditions of HFMD after 2013
(5). This study aims to explore the spectrum of
enterovirus serotypes by clinical severity in 2018,
which will provide the scientific evidence for
constructing HFMD control and prevention strategies
in China.

The pathogen surveillance is a part of HFMD
national surveillance routine work, which was launched
in 31 provincial-level administrative divisions (PLADs)
in China from 2008 (6). Pathogen surveillance data of
HFMD is required to be reported monthly to the
Chinese Center for Disease Control and Prevention
(China CDC) via email in all 31 PLADs. The
information includes basic demographic information
(sex, age, and address), disease severity (mild or severe),
specimen types, death status, date of symptoms onset,
date of specimen collection, date of sample detection,
sample detection methods, date of death, and the
identified enterovirus serotypes.

To comply with the HFMD national surveillance
guidelines, samples including throat swabs, anal swabs,
or fecal samples were collected at the county-level from
the first five patients with mild and probable HEMD
who visited hospital outpatient departments every
month, and specimens from all severe and fatal cases
are required to be collected and tested. City-level CDC
responsible for identifying the
enterovirus serotypes by real-time PCR or virus
isolation (6). We classified the test results into four
categories: enterovirus negative, EV-A71 positive, CV-

laboratories are

A16 positive, and positive for other enterovirus (non-
EV-A71 and non-CV-A16) without further serotype
identification. The enterovirus serotypes of CV-A6 and
CV-A10 were further identified in 18 PLADs".

A total of 30 PLADs reported virological data of
HFMD to China CDC in 2018. To avoid deviation in
the study results, we excluded the incomplete data
from two PLADs and unqualified data from one
PLAD. The HFEMD patients whose onset dates were

* 18 PLADs including administrative divisions from Anhui, Beijing, Gansu, Guangdong, Guizhou, Hebei, Henan, Hunan, Jiangxi, Liaoning,

Qinghai, Shanxi, ShaanXi, Shanghai, Tianjin, Tibet, Xinjiang, and Zhejiang.
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from January 1, 2018 to December 31, 2018 of 27
PLADs were finally enrolled in the study. Descriptive
epidemiological method was used to analyze the data,
and all analyses were conducted in SAS (version 9.3,
SAS Institute Inc.).

A total of 116,290 HFMD probable and laboratory
confirmed HFMD cases were reported from January 1,
2018 to December 31, 2018 in 27 PLADs. The
reported number of mild, severe, and fatal cases was
114,297, 1,780, and 7, respectively, and 206 cases
were missing the disease severity variable. The
epidemic peak was from May to June (Figure 1A, B).
Children aged under 5 years were the mainly infected
population with a proportion of 86.7%. Among the
total cases, the male-to-female ratio was 1.5: 1.

The number of laboratory-confirmed cases was
80,793, and the whole enterovirus detection positive
rate was 69.5%. The enterovirus positive rate of mild,
severe, and fatal cases was 69.3%, 80.7%, and 71.4%,
respectively. Excluding Tibet (37.3%), the enterovirus
detection positive rate at the provincial level was higher
than 50% in 26 PLAD:s.

Among laboratory-confirmed cases, the proportion
of EV-A71, CV-16, and other enterovirus serotypes
was 4.8% (3,913), 25.6% (20,709), and 69.3%
(56,002), respectively (Figure 1B, C). In cases that
were positive for other enterovirus serotypes, 13.5%
and 1.2% were further identified as CV-A6 and CV-
A10 infections. 0.2% of cases were identified as co-
infections, including 112 as EV-A71&CV-A16, 2 of
CV-A16&CV-A10, 20 of CV-A6&CV-A10, 7 of CV-
AG&EV-A71, and 28 of CV-A6&CV-A16 infection
(Figure 1B, C). At the provincial level, 2 PLADs were
predominantly identified as CV-A16, 4 PLADs were

identified as CV-A6, and 21
predominantly identified as other

predominantly
PLADs were
enterovirus serotypes (for the enterovirus geographic
distribution, Supplementary Figure S1
http://weekly.chinacdc.cn/).

In mild cases, 69.3% of the cases were infected by
other enterovirus serotypes, and the proportion of EV-
A71, CV-A16, and co-infection was 4.6%, 25.9%, and
0.2%, respectively. In severe cases, 70.7% were

available in

infected by other enterovirus serotypes, while the
proportion of EV-A71, which was previously the
predominant serotype, was only 15.3%. The
proportion of CV-A16 and co-infection was 13.7%
and 0.3%, respectively.

The age profile of laboratory-confirmed cases
indicated that both mild and severe cases were mainly
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distributed in age groups of 12-24 months and 25-59
months with proportions of 49.0%, 27.3%, for mild
cases, respectively, and 63.8%, 19.8%), for severe cases,
respectively. Fatal cases occurred in the age groups of
6-11 months (20.0%) and 12-24 months (80.0%).
The age distribution of probable cases showed similar
compositions with the laboratory-confirmed cases
(Figure 2A, C, E).

Other enterovirus serotypes were the predominant
serotypes in both mild and severe cases in age groups
aged under 5 years. In mild cases, CV-AG6 was the
second major serotype in patients aged less than 6
months, while CV-A16 was the second major serotype
in age groups 6 months and older, accounting for
26.1% of cases (Figure 2B).

In severe cases, CV-AG was mainly distributed in age
groups of under 24 months years with a proportion of
69.7%. All CV-A10 infected cases were distributed in
the age groups of 12-24 months. A total of 4 severe
cases were identified as EV-A71&CV-Al6 co-
infection, including 1 patient aged 24 months and 3
patients aged 36 months (Figure 2D).

A total of 5 laboratory-confirmed case fatalities were
reported. Of the 5, 3 patients had been infected by
EV-A71 and were in the age groups of 12-24 months.
2 patients had been infected by CV-A16 and were in
the age groups of 6-11 months and 12-24 months
(Figure 2F).

Discussion

A total of 116,290 probable and laboratory-
confirmed HFMD cases were reported from 27
provincial-level CDCs in 2018. The number of
laboratory-confirmed cases was 80,793 and the
enterovirus detection positive rate was 69.5%. Patients
with HFMD were mainly aged under five years
(87.6%). The epidemic peak was from May to June,
and other enterovirus serotypes were the predominant
serotype, mainly circulating in 21 PLADs and
accounting for 69.3% of mild cases and 70.7% of
severe cases in 2018. EV-A71 was still the predominant
serotype in fatal cases.

The demographic characteristics of age and sex of
HFMD in 2018 were similar with results we published
in Lancet in 2014 (2). The temporal pattern also did
not change in 2018 when compared to surveillance
results of previous years (2). A remarkable change in
2018 was the replacement of enterovirus serotypes in
patients with severe HFMD. EV-A71 was always the
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FIGURE 1. Enterovirus tested negative and laboratory-confirmed HFMD in mainland China, 2018. (A) Time series of weekly
probable and laboratory-confirmed patients with HFMD. (B) Time series of weekly laboratory-confirmed patients with HFMD
by enterovirus serotypes. (C) Weekly proportions of laboratory-confirmed patients with HFMD by enterovirus serotype.
*Co-infection included EV-A71&CV-A16, CV-A16&CV-A10, CV-AB&CV-A10, CV-AB&EV-A71, and CV-AB&CV-A16.
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FIGURE 2. Age profile and enterovirus serotypes distribution in the laboratory-confirmed HFMD based on clinical severity in
mainland China, 2018. (A)&(B), Mild cases; (C)&(D), Severe cases; (E)&(F), Fatal cases.

*Co-infection included EV-A71&CV-A16, CV-A16&CV-A10, CV-A6&CV-A10, CV-AB&EV-A71 and CV-A6&CV-A16 in the
mild cases. Among severe cases, Co-infection refers to EV-A71&CV-A16.

main causative serotype for severe and fatal HFMD,
which has accounted for 70.0% of severe and 92.3% of
fatal cases from 2008 to 2017 (5). In 2018, other
enterovirus serotypes were the predominant serotypes
with a proportion of 69.3%, which caused 69.3% of
mild cases and 70.7% of severe cases. The epidemic
activities of EV-A71 and CV-Al16 were very low,
especially for the EV-A71, which only accounted for a
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proportion of 4.8%. Although EV-71 being replaced
by other enterovirus serotypes had been observed
before, this marks the first time other enterovirus
serotypes became the predominant serotype for severe
HFMD since HFMD was classified as a notifiable
disease in China in 2008.

CV-AG6 and CV-A10 circulations have been reported
from several PLADs in China, such as Hunan and
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Hebei (7-8). Four PLADs were affected by CV-AG6 the
most in 2018, however, at the national level, the CV-
A6 and CV-10 were not required to be identified.
Among positive cases due to other enterovirus
serotypes, only 13.5% and 1.2% of the cases were
identified as CV-A6 and CV-A10. Most of the other
enterovirus serotype infected cases, especially for the
severe cases (96.5%), were not further to be identified.
Considering age as a risk factor for HFMD, we find
that the severity risk is higher in younger age groups
and decreases with increasing age (9). Our results
indicate CV-A6 and CV-A10 are the main infection
for children aged 2 years and under in the severe cases.
In addition, CV-A6 and CV-A10 are also reported to
potentially cause neurological complications such as
encephalitis  and  meningitis (3—4). Therefore,
including CV-A6 and CV-A10 into the routine
detection serotypes could be largely beneficial.

A small proportion of co-infections was found both
in mild and severe HFMD. The co-infection of severe
HFMD was also reported from an outbreak analysis of
Shandong province in 2012 (10). The results of co-
infection were needed to be further validated, since the
detection method was critical for co-infection
identification. The relationship between co-infection
and HEMD, especially the pathogenesis of HFMD
severity, also requires further study.

This study is subject to at least a few limitations.
Although we provided the enterovirus serotype
spectrum in 2018, the spectrum was not complete at
the national level due to a lack of pathogen data in four
PLADs. Only a small part of the other enterovirus
serotypes were further identified as CV-A6 or CV-A10,
and a large proportion of other enterovirus serotypes
were still unknown. Another limitation was that the
proportion of EV-A 71 or other enterovirus serotypes
might be underestimated because 0.2% of the data
lacked disease severity information. Due to the limited
information we collected, we cannot explain the shift
in enterovirus serotypes in patients with severe
HFMD.

Therefore, further identification of other enterovirus
serotypes is highly recommended for provincial CDCs,
especially for severe HFMD cases. The testing of CV-
A6 and CV-A10 should be included in routine HEMD
surveillance and

researches  contributing to a

multivalent vaccine for HEMD should be prioritized.
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SUPPLEMENTARY FIGURE S1. The enteroviruses geographic distribution of mainland China, 2018. The composition of
enterovirus serotypes of Jiangsu Province, Inner Mongolia Autonomous Region, Guangxi Zhuang Autonomous Region and
Chongging Municipality were not showed in this map.
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