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Summary
Background Hand, foot, and mouth disease (HFMD) is an important public health problem. A monovalent EV-A71
vaccine was launched in China in 2016. Previous studies showed that inactivated monovalent EV-Ay1 vaccines were
highly efficient against HFMD associated with EV-Ay1 but not against HFMD with other etiologies, leading to a

. . . . . . . . 2022;20: 100370
hypothesis that the introduction of EV-A71 vaccines might change the pathogen spectrum and epidemiological trend | .o oo
of HFMD. In this study, we described for the first time the changing epidemiological characteristics of HFMD after  p,¢.//doiorg/10.1016/j.
the launch of the EV-Ay1 vaccine. lanwpc.2021.100370
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Methods We extracted individual-based epidemiological data on HFMD cases reported to the Chinese Center for
Disease Control and Prevention between January 2013 and December 2019. We described the changing epidemio-
logical characteristics of HFMD before and after vaccine launch according to the distribution of diseases characteris-
tics (demographic, temporal, and geographical) and evaluated the potential changes in risk factors of severe patients.
All analyses were stratified by the phase before and after vaccine launch, and by enterovirus serotype.

Findings During 2013—2019, 15,316,710 probable cases of HFMD were reported. Of these, 787,197 (5-1%) were laboratory
confirmed and 76,982 (0-5%) were severe. After the launch of the EV-A71 vaccine, the median age of HFMD patients
infected with EV-A71 increased from 224 years (IQR:1-43, 3-56) to 2-81 years (IQR:1-58, 4-01). The proportion of patients
less than 3 years of age decreased while the proportion of patients 3—5 years of age increased. There was a large decrease
(60-7%) in the proportion of severe cases as well as a decline (28-3%) in HFMD patients infected with EV-A71. After the
launch of the EV-Ay1 vaccine, the severe illness rate and mortality rate of HFMD patients in all age groups has decreased
sharply, 62-20% and 83-78% respectively. The timing of the HFMD epidemic peak was delayed (1-2 months) . After the
launch of EV-Ay1 vaccine, the risk of becoming a severe case for EV-A71 serotype was decreased, whereas that risk was
instead increased for CV-A16 (from o-17 (95% Cl:0-16, 0-18) to 0-23 (95% CI:0-21, 0-25)) and other enterovirus compared
to EV-Ay1 (from 0-38 (95% Cl:0-37, 0-39) to 0-58 (95% Cl:0-56, 0-61)). The longer the time from onset to diagnosis, the
higher was the risk of being a severe case, but the effect size was decreased.

Interpretation The introduction of the EV-Ay1 vaccine has effectively reduced the proportion of severe HFMD cases
and mortality, but changes to the dominant serotypes should be closely monitored. Development of multivalent vac-
cines to avoid an increased case burden due to other enteroviruses is greatly needed.
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Research in context

Evidence before this study

Hand, foot and mouth disease (HFMD) is a common
childhood illness caused by serotypes of enteroviruses
and has caused a substantial burden throughout East
and Southeast Asia. Since 2016, the EV-A71 vaccine has
been used in China, but whether and how it has
changed the pathogen spectrum of HFMD and epidemi-
ological trend remains unclear. Here, we searched
PubMed and preprint archives for articles published
with no language or time restrictions on September 7,
2021, using the terms “HFMD”, “EV-A71", "EV71" “entero-
virus71”, and “vaccine”, and “changed epidemiology”,
“changing epidemiology”, “epidemiological changes”. A
total of 38 articles were found and 4 studies were
directly related to the changing epidemiology of HFMD,
which were all limited within local areas, providing lim-
ited evidence through basic simple description. So,
strong evidence from the whole of mainland China illus-
trating the changing epidemiology of HFMD is lacking.

Added value of this study

Our study described the changing epidemiological charac-
teristics of HFMD in the whole of mainland China between
January 1, 2013, and December 31, 2019, including after
the launch of the EV-A71 vaccine, focusing on the demo-
graphic characteristics, temporal pattern and spatial distri-
bution, and the potential change in risk factors for being a
severe patient. To the best of our knowledge, our paper
covers the largest area studied in post-vaccine China. Our
findings showed that, after the introduction of the EV-A71
vaccine, the severe illness rate and mortality rate of HFMD
patients have decreased sharply, the median age of HFMD
patients infected with EV-A71 tended to be older (2-81 IQR
1-58, 4-01 years), the peak epidemic timing of HFMD was
delayed, after the launch of EV-A71 vaccine, the risk of
becoming a severe case for EV-A71 subtype was decreased,
whereas that risk was instead increased for CV-A16 and
other enterovirus compared to EV-A71, and the longer the
time from onset to diagnosis, the higher the risk of being a
severe case, but the effect size was decreased.

Implications of all the available evidence

The introduction of the EV-A71 vaccine has effectively
reduced HFMD severe illness and mortality rates, but

the vaccination of children aged 3—5 years should be
strengthened. The substantial HFMD epidemic with co-
circulating EV-A71, CV-A16 and other enteroviruses in
China has a potential for the EV-71 serotype to be
replaced by other enterovirus serotypes. Therefore, to
reduce the burden of HFMD, timely efforts are needed
to actively develop multivalent vaccines, strengthen
comprehensive laboratory monitoring, and to avoid the
additional burden of cases caused by other
enteroviruses.

Introduction

HFMD has the highest mortality rate among class ‘C’
infectious diseases that was implemented in mainland
China. As a common infectious disease, children youn-
ger than 5 years are especially prone to HFMD.
Although in most patients it is a self-limiting illness, in
some serious cases neurological and systemic complica-
tions can occur that can be fatal." Since 2013 Coxsackie
virus AG (CV-AG), Coxsackie virus Ao (CV-A10) and
other enteroviruses have also caused a high incidence of
HFMD,* although Enterovirus 71 (EV-Ay1) and Cox-
sackie virus A16 (CV-A16) remain the two most com-
mon virus serotypes.>* Moreover, EV-A71 is the most
frequently identified serotype among both severe and
fatal cases, and has caused several outbreaks character-
ized by severe neurological symptoms.’

There is no specific antiviral treatment for HFMD.
Vaccination is considered the most effective method to
prevent and control HFMD. The monovalent EV-A71
vaccine was launched in China in 2016, and is currently
the only vaccine in the world that can prevent HFMD.
Since then, more than 45 million doses of HFMD vac-
cine have been administered in mainland China
between 2017 and 2019. The indicated vaccination age
range is 6 months to 5 years. Previous research showed
that the inactivated monovalent EV-A7y1 vaccine could
prevent 9o% of HFMD cases caused by EV-A71,°” but
provided no cross-protection against CV-A16 or other
serotype infections.”® This finding prompted concerns
about whether the epidemiology of HFMD will change
due to vaccination and whether there might be a shift in
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serotypes. A few local studies®"* have been conducted to
address EV-Ay1 vaccination impacts, but the evidence
generated has been limited. Among the four studies
conducted, only periodicity — without risk factor
analysis — has been described. Only one study described
the spatial distribution of HFMD, and only one ana-
lyzed demographic characteristics. Strong evidence
from the whole of mainland China to illustrate the
changing epidemiology of HFMD is still lacking.

To bridge this gap in the literature, in this study we
used the national surveillance data from 2013 to 2019 to
describe the epidemiology of HFMD in mainland
China, focusing on the changes in demographic, sea-
sonal and geographical patterns before and after the EV-
A1 vaccine launch. Our aim was to provide crucial evi-
dence to inform a timely and effective public health
strategy for HFMD in the post EV-Ay1 vaccine era.

Methods

Data sources

HFMD cases reported between January 1, 2013 and
December 31, 2019 with basic demographic information
(sex, date of birth), case classification (probable or con-
firmed), severity (mild or severe), date of symptoms
onset, date of diagnosis, date of death (if applicable) and
virus serotype (EV-Ay1, CV-A16 or other enterovirus)
were retrieved from the Chinese Center for Disease
Control and Prevention. The annual population sizes
between January 1, 2013 and December 31, 2019 for all
provinces for different age groups (<12 months, 12—23
months, 24—35 months, 36—59 months, 5—9 years,
I0—14 years, >I5 years) were retrieved from the Chi-
nese Center for Disease Control and Prevention.

Case definitions

A probable case of HFMD was defined as a patient with
papular or vesicular rash on the hands, feet, mouth or
buttocks, with or without fever. A confirmed case was
defined as a probable case with laboratory evidence of
enterovirus infection (including EV-Ay1i, CV-A16 or
other enterovirus) detected by RT-PCR, real-time PCR
or virus isolation. HFMD cases, whether probable or
confirmed, were classified as severe if the patient had
any neurological complications (aseptic meningitis,
encephalitis, encephalomyelitis, acute flaccid paralysis
or autonomic nervous system dysregulation), or cardio-
pulmonary complications (pulmonary edema, pulmo-
nary hemorrhage or cardiorespiratory failure) or both;
otherwise, HFMD cases were categorized as mild. The
sample size of this study was determined by the time
window and the above case definitions.

Data analysis
All analyses were stratified by the phase (before versus
after the launch of the EV-A71 vaccine, in 2016) and
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enterovirus serotype. To reflect the changes in HFMD
epidemiology over time, the study period was classified
into three sub-periods: 1. baseline (2013—2015), prior to
implementation of the EV-A71 vaccine; 2. the transition
year (2016); and 3. implementation of the EV-Ay1 vacci-
nation program (20I7—201I9).

We calculated frequency and proportion of cases for
different age groups, sex, severity, and serotypes for
each year. We also estimated age-specific rates of inci-
dence, severe illness, and mortality and estimated 95%
CIs assuming a Poisson distribution. For rates with a
denominator greater than 100 ocoo and numerator of
20 or more, we calculated 95% Cls assuming a normal
distribution.”

To describe seasonal patterns of HFMD by province,
we created heat maps. The proportion of cases identified
in each week of the year were standardized by the num-
ber of annual cases. The median values of the propor-
tion of cases in each week of the year from 2013 to 2019
were plotted as the seasonal distribution of cases of
HFMD. This procedure was repeated by stratifying on
phase (before versus after the launch of the EV-A71 vac-
cine) and virus serotype. To further quantify the sea-
sonal pattern of HFMD incidence in each province, we
fitted a seasonal multiple linear regression model to the
proportion of cases reported each week. We used har-
monic terms representing annual and semiannual peri-
odic cycles, and estimated the peak timing and
amplitude of the annual and semi-annual periodicities
of HFMD activity in each province. The model is as fol-
low (details were described in a previous paper”), where
tis reporting week:

hfmdi(t) = ai + bi x cos(2r  t/52.17) + ci
* sin(am * t/52.17) + di
* COS(47r * t/52.17) + el

* Sin(47 * t/52.17) + (t)
The cumulative incidence'#'® in all provinces over
the study period was estimated, and stratified by vacci-
nation phase and virus serotypes to illustrate the
changes in the geographical distribution ranges of
HFMD in mainland China.

To identify potential differences in predictors for severe
outcomes, we applied logistic regression of demographic
variables, time from onset to diagnosis, and virus serotypes
separately for laboratory-confirmed cases and probable
cases, stratified by the vaccination phase.

All analyses were done with R (version 4.0.3) and
QGIS (version 3.16.5).

Ethical approval
The collection of data from HFMD cases was part of a
continuing public health investigation of an emerging
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outbreak determined by the National Health and Family
Planning Commission. Hence, this study was exempt
from institutional review board assessment.

Role of the funding source

The funder of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding authors had
full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

Demographic distribution
Nationally 15,316,710 probable cases of HFMD were
reported to the China CDC surveillance system between
2013 and 2019, of which 787,197 (5:1%) were laboratory
confirmed and 76,982 (0-5%) were severe. Severe cases
accounted for 58-1% and 39-0% of all severe cases
before and after the launch of the vaccine, respectively.
There was a large decrease (60-7%) in the proportion
of severe cases after the introduction of EV-Ay1 vaccine.
After the launch of the EV-A71 vaccine, the median age
of HFMD patients infected with EV-A71 serotype tended
to be older (from 2-24 years (IQR:1-43, 3-56) to 2-81
years (IQR:1-58, 4-01)). There was a lower proportion of
HFMD patients under 3 years of age, and especially
patients under 1 year of age; there was also a large
decrease in the proportion of patients under 5 years of
age infected by EV-Ayr (Appendix Figure A1), but
a greater proportion of patients 3—j5 years of age
(Table 1). For different serotypes, the proportion of
HFMD patients infection with the EV-71 serotype
decreased (28-3%), while the proportion infected with
CV-A16 and other enterovirus serotypes showed an
increased trend (Table 1 & Appendix Figure A2). Com-
pared with before the launch of the EV-Ay1 vaccine, the
incidence of patients of under 2 years old decreased,
but the decrease was not significant in the other age
groups, showing a fluctuating pattern (Table 2). Follow-
ing the launch of the EV-A71 vaccine, the severe illness
rate and mortality rate of HFMD patients in all age
groups has decreased sharply, 62-20% and 83-78%
respectively(Table 2 & Table Ar).

Time series
Nationally, the prevalence peaks and periodicity of
HFMD varied according to latitude. After the launch of
the EV-Ay1 vaccine, the timing of HFMD epidemic
peaks tended to be delayed, and a similar trend was also
observed for the other enterovirus serotypes (Figure 1 &
Appendix Figures A3-As).

The annual amplitude and semi-annual amplitude of
HFMD prevalence overall increased with higher latitude
(Figure 2 & Appendix Figures AG-A8). After the launch

of the EV-Ay1 vaccine, the latitude gradient of the semi-
annual amplitude of EV-Ay1 serotype HFMD prevalence
increased, but became statistically non-significant
(Appendix Figure Ay). CV-A16 serotype showed an
opposite pattern (Appendix Figure AG). Also, the domi-
nant annual and semi-annual periodicity did not change
greatly (Figure 2), but CV-A16 serotype showed a stron-
ger semi-annual periodicity at lower latitudes (Appendix
Figure AG).

Geographical distribution

HFMD cases were reported from all provinces of the
mainland China throughout the study period. The
range of the geographical distribution was mainly con-
centrated in central, southern and eastern China
(Figure 3).

After the launch of the EV-Ay1 vaccine, changes in
the cumulative incidence of HFMD varied across the
country, but there were obvious changes in the spatial
distribution range (Figure 3). There was a decrease in
the geographical distribution range of EV-A71 serotype,
in addition to an increased incidence in Hubei province
and Chongqing (Figure 3 & Appendix Table A2). The
geographical distribution range of other enterovirus
serotypes showed a trend of increasing (Figure 3),
but with no obvious changes for CV-A16 serotype
(Figure 3).

Risk factors analysis

Several consistent risk factors for severe cases were
identified, including young age, males, infection with
EV-Ay1, and longer interval between onset and diagno-
sis (Table 3). For laboratory-confirmed cases, after the
launch of the EV-Ay1 vaccine, children under five years
of age and male patients had an increased risk of severe
disease. After the launch of EV-A71 vaccine, the risk of
becoming a severe case for EV-Ayr subtype was
decreased, whereas that risk was instead increased for
CV-A16 and other enterovirus compared to EV-Ay1. The
longer the time from onset to diagnosis, the higher was
the risk of being severe case, but the effect size after the
launch of the EV-A71 vaccine decreased (Table 3). Inclu-
sion of probable cases in the analysis yielded similar
risk predictors (Appendix Table A3).

Discussion

Our study provides the first comprehensive description
of the changing epidemiology of laboratory-confirmed
cases of HFMD before and after the launch of the EV-
Ayt vaccine. We have described the demographic char-
acteristics, temporal pattern and spatial distribution of
HFMD epidemics throughout mainland China, and
assessed the potential change in risk factors for severe
patients before and after the launch of the EV-Ay:
vaccine.
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Before EV-71 vaccine launch 2016 After EV-71 vaccine launch
2013 2014 2015 Total 2017 2018 2019 Total

Median age (P25, P75) 2-00(1-16,3-12) 2-21(1-43,3-59) 2-00(1-19,3-24) 2-00(1-27,3-36) 2.35(1-46,3-74) 2-17(1-30,3-60) 2.28(1-42,3-82) 2-49(1-49,3-92) 2-32(1-40,3-79)
EV-A71 2-09(1-34,3-45) 2:30(1-49,3-64) 2-29(1-38,3-52) 2:24(1-43,3-56) 2-56(1-57,3-82) 2-86(1-63,4-04) 2.58(1-47,3-92) 2.85(1-64,4-12) 2-81(1-58,4-01)

CV-A16 2-61(1-57,3-91) 2-65(1-63,3-97) 2-86(1-68,3-99) 2-70(1-63,3-98) 2-81(1-71,3-99) 2-92(1-68,4-01) 2-94(1-69,4-10) 3-21(1-99,4-56) 3.02(1-82,4-31)

Other Enterovirus 1-95(1-10,3-00) 2.00(1-20,3:17) 1-99(1-13,3-05) 1-99(1-14,3-05) 2.00(1-28,3-34) 1-99(1-19,3-27) 2.02(1-33,3:61) 2.25(1-38,3:64) 2.04(1-30,3-53)
Age group

<12 months (%) 358381(19:6) 432045(15-5) 394770(19-8) 1185196(17-9) 302717(12-4) 301105(15-6) 282940(12-0) 219335(11-0) 803380(12-8)

12—23 months (%) 604592(33-1) 844007(30-4) 641104(32:1) 2089703(31-6) 731322(30-0) 586768(30-4) 757699(32-2) 578856(29-1) 1923323(30-7)

24-35 months (%) 362681(19-8) 5546063(19-7) 390571(19-6) 1299315(19-7) 496171(20-3) 367789(19-1) 420566(17-9) 400949(20-2) 1189304(19-0)

36—59 months (%) 369104(20-2) 699737(25-2) 416132(20-8) 1484973(22-5) 664234(27-2) 482102(25-0) 612289(26-0) 523142(26-3) 1617533(25-8)

5—9 years (%) 109491(6-0) 224223(8-1) 129823(6-5) 463537(7-0) 215547(8-8) 162799(8-4) 235814(10-0) 226072(11-4) 624685(10-0)

10—14 years (%) 14085(0-8) 20697(0-7) 13725(0-7) 48507(0-7) 19464(0-8) 16435(0-9) 25257(1-1) 23213(1-2) 64905(1-0)

>15 years (%) 10043(0-5) 12089(0-4) 11246(0-6) 33378(0-5) 11537(0-5) 12552(0-7) 18745(0-8) 16683(0-8) 47980(0-7)
Gender

Male (%) 1118941(61-2) 1672498(60-2) 1206005(60-4) 3997444(60-5) 1462219(59-9) 1151027(59-7) 1400550(59-5) 1174283(59-1) 3725860(59-4)

Female (%) 709436(38-8) 1106363(39-8) 791366(39-6) 2607165(39-5) 978773(40-1) 778523(40-3) 952759(40-5) 813967(40-9) 2545249(40-6)
Severity

Mild (%) 18181119(99-9) 2754209(99-1) 1987547(99-5) 6559867(99-3) 2426221(99-4) 1919089(99-5) 2348632(99-8) 1985920(99-9) 6253641(99-7)

Severe (%) 10266(0-1) 24652(0-9) 9824(0-5) 44742(0-7) 14771(0-6) 10461(0-5) 4678(0-2) 2330(0-1) 17469(0-3)
Enterovirus serotype

EV-A71 (%) 32752(37-4) 56078(44-5) 29181(29-7) 118011(37-8) 52808(39-7) 46081(41-4) 21355(17-5) 17194(15-8) 84630(24-7)

CV-A16 (%) 12797(14-6) 36546(29-0) 18110(18-4) 67453(21-6) 35103(26-4) 13945(12-5) 28836(23-6) 38269(35-2) 81050(23-7)

Other Enterovirus (%) 42022(48-0) 33336(26-5) 51100(51-9) 126458(40-5) 45262(33-9) 51183(46-1) 72034(58-9) 53205(49-0) 176422(51-6)

Table 1: Characteristics of hand, foot, and mouth disease in mainland China by different stages of vaccine launch, 2013—-19.
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Before the EV-A71 Vaccines Launch

2013

2014

2015

2016

After the EV-A71 Vaccines Launch

2017

2018

2019

Incidence rates (95% Cl)

<12 months
12—23 months
24-35 months
36—59 months
5—9 years
10—14 years

>15 years

24881-9 (24801-5,24962-4)
35810-7 (35722-0,35899-3)
22594-1 (22521-4,22666-8)
12401-4 (12361-6,12441-1)
1360-8 (1352-8,1368-9)
212-0(208-5,215-5)
8.9(8-:89-1)

Severe illness rates (95% CI)*

<12 months
12—23 months
24-35 months
36—59 months
5—9 years
10—14 years

>15 years *

140-3 (134-2,146-4)
2489 (241-4,256-4)
132-4(126-8,138-1)
53.1(50-5,55-7)
3.9(3:44-3)
0-3(0-2,0-5)

0-0 (0-0,0-0)

Mortality rates (95% CI)*

<12 months
12—-23 months
24-35 months
36—59 months
5-9 years *
10—14 years "

>15 years "

4.0 (3-0,5-1)
6-5(5-2,7-7)
3.6(2:6,4-5)
0-7 (0-4,1-0)
0-0(0-0,0:1)
0-0(0-0,0:1)
0-0(0-0,0-0)

28865-4 (28780-6,28950-3)
48395-8 (48295-1,48496-5)
32585-2(32500-2,32670-2)
235716 (23517-0,23626-1)
2756-4 (2745-0,2767-8)
321-2(316-8,325-5)
10-8(10-6,11-0)

302-3(293-5,311-1)
577-9 (566-6,589-2)
300-4 (292-1,308-7)
138-0(133-8,142-3)
10-5(9-8,11-2)

0-7 (0-5,1-0)
0-0(0:0,0-0)

83(6-8,97)
11-1(9:6,12.7)
5-8(4-7,7-0)
2:6 (2-0,3-2)
0-1(0-0,0-2)
0-0(0-0,0-1)
0-0(0-0,0-0)

26028-0 (25947-9,26108-2)
36279-9 (36192-7,36367-1)
22957-3 (22886-2,230285)
13866-6 (13824-8,13908-5)
1578-6 (1570-0,1587-2)
210-7 (207-1,214-2)
9:9(9-7,10-1)

150-9 (144-7,157-1)
219-5(212-5,226-4)
109-7 (104-8,114-7)
490 (46-5,51-5)
3.6 (3-24-0)
0-3(0-2,0-4)
0-0(0:0,0-0)

2:1(1-4,2:8)
2-8(2.0,3-6)
1-6(1-0,2-2)
0-6 (0-3,0:9)
0-0(0-0,0-1)
0-0(0-0,0-1)
0-0(0-0,0:0)

19474-2 (19405-5,19542.9)
41494-0 (41400-9,41587-1)
29235-3 (29155-1,29315-4)
22199-5 (22146-7,22252-3)
2630-9 (2619-9,2642)
299-5 (295-3,303-8)
10-1(9-9,10-2)

146-5 (140-5,152-6)
345.8(337-1,354-4)
1929 (186-3,199-5)
86-1(82:8,89-5)
6-3(5-7,6:8)
0-5(0-3,0-6)

0-0 (0-0,0-0)

2:7(1-9,3-5)
4.5(3:5,55)
2:3(1-6,3-0)
1.0(0-7,1-4)
0-0(0-0,0-1)
0-0(0-0,0-1)
0-0(0-0,0-0)

19096-7 (19029-2,19164-3)
32842-2 (32759-6,32924-9)
21353-3 (21285-0,21421-6)
15904-3 (15859-7,15948-8)
1968-4 (1958-8,1977-9)
250-1 (246-3,253.9)
10-9(10-7,11-1)

119-1(113.7,124.5)
231-2(224-1,238-2)
120-1(114-9,125-3)
624 (59-6,65-2)
56(5-1,6-1)
0-4(0-3,0-6)

0-0 (0-0,0-0)

1-8(1-2,2:5)
1-6(1-0,2-1)
1.0 (0-6, 1-6)
0-5(0-3,0-9)
0-1(0-0,0:1)
0-0(0-0,0:1)
0-0 (0-0,0-0)

17944.7 (17879-1,18010-2)
424095 (42316-0,42502-9)
244175 (24344-6,24490-3)
20199-1 (20149-0,20249-2)
2851-2 (2839-7,2862-7)
384-3 (379-6,389-1)

16-3 (16-0,16-5)

486 (45-2,52-1)
118:5(113:5,123-6)
45-3 (42-2,48-5)
24.9(23-1,26-6)
2-8(2:43-2)
0-3(0-2,0-5)
0-0(0:0,0-0)

0-4(0-2,0:9)
1-1(0:6,1-6)
0-2(0-1,0-6)
0-1(0-0,0-3)
0-0(0-0,0-0)
0-0(0-0,0-1)
0-0(0-0,0:0)

13910-7 (13852-9,13968-5)
32399-4 (32317-3,32481-5)
232785 (23207-3,23349.7)
17258-2 (17211-8,17304-5)
2733-4(2722-1,2744-6)
353.2(348.7,357-8)
14.5(14-2,14.7)

24.1(21-7,26:5)
58-3(54-7,61-8)
27-5(25.0,29-9)
11.5(10-3,12:7)
1-0(0-8,1-2)
0-1(0-0,0-2)
0-0(0:0,0-0)

0-4(0-1,0-8)
0-3(0-1,0:7)
0-2(0-1,0-6)
0-1(0-0,0-2)
0-0(0-0,0-1)
0-0(0-0,0-1)
0-0(0-0,0-0)

Table 2: Estimated rates of incidence, severe illness, and mortality in mainland China by different stages of vaccine launch, 2013—-19.

* per 1 million.

# More detailed information is provided in the supplementary file in Table A4.
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Figure 1. Heat map of surveillance data for hand, foot, and mouth disease by mainland Chinese province, 2013—19. A: Time series
of monthly probable and laboratory-confirmed cases of HFMD, standardised by the number of annual cases; B: Seasonal distribution
of cases of HFMD, plotted as the median value of proportion of cases in each month of the year from 2013 to 2019, the left is sea-
sonal distribution before EV-A71 vaccines, the right is that after the vaccines launch. For A & B, the provinces were ordered by lati-
tude from northernmost (top) to southernmost (bottom). C: Number of cases of HFMD by month of illness onset. EV-
A71=enterovirus A71. CV-A16=Coxsackie virus A16.
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A. Before the EV-A71 Vaccines Launch
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B. After the EV-A71 Vaccines Launch

Ratio semi-annual component vs Latitude After Vaccine Launch
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Figure 2. Seasonality of hand, foot, and mouth disease. A: Seasonality of hand, foot, and mouth disease before the EV-A71 vaccines
launch. B: Seasonality of hand, foot, and mouth disease after the EV-A71 vaccines launch. (a): Latitudinal gradients in seasonality of
hand, foot, and mouth disease. Left: Latitudinal gradients in Annual Amplitude. Middle: Latitudinal gradients in Semi-annual Ampli-
tude. Right: Importance of the semiannual periodicity, measured by the ratio of the amplitude of the semiannual cycle to the sum
of the amplitudes of annual and semiannual cycles. (b): Periodicity and peak timing of hand, foot, and mouth disease epidemics in
China. Left: Amplitude of the annual cycle from pale red (low) to red (high). Middle: Importance of the semiannual periodicity, mea-
sured by the ratio of the amplitude of the semiannual cycle to the sum of the amplitudes of annual and semiannual cycles. Pale
green shows strongly annual epidemics; dark green shows dominant semiannual activity. Right: Timing of primary annual hand,
foot, and mouth disease peak, in weeks from Jan 1. Timing is colour coded from pale blue to dark blue. EV-A71=enterovirus A71.

CV-A16=Coxsackievirus A16.
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Figure 3. Hand, foot and mouth disease epidemiological regions and dynamical distritbution following EV71 vaccine lauch. A: Geo-
graphical distribution of hand, foot, and mouth disease epidemics in China. B: Geographical distribution of CV-A16 serotype hand,
foot, and mouth disease epidemics in China. C: Geographical distribution of EV-A71 serotype hand, foot, and mouth disease epidem-
ics in China. D: Geographical distribution of other enterovirus serotype hand, foot, and mouth disease epidemics in China. Left: Geo-
graphical distribution of hand, foot, and mouth disease epidemics in China before the EV-A71 vaccines launch. Right: Geographical
distribution of hand, foot, and mouth disease epidemics in China after the EV-A71 vaccines launch. The shades of color indicate the
cumulative incidence of hand, foot and mouth disease in each province.
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Laboratory-confirmed cases of hand, foot, and mouth disease (n=787197)
Whole period (2013-19) Before EV71 vaccine launch(2013-15) After EV71 vaccine launch(2017-19)
Number of cases OR(95% CI) Number of cases OR (95% CI) Number of cases OR (95% CI)
Age group
>=5 years 78937 Ref 25270 Ref 41231 Ref
36-59 months 210171 1-72(1-63,1-83) 75708 1-60(1-48,1-73) 96820 1-66(1-49,1-85)
24-35 months 152204 2.94(2.77,3-11) 61742 2-45(2-26,2-65) 63152 2.91(2-62,3-25)
12-23 months 237954 3-89(3:69,4-11) 97060 3.22(2.98,3-48) 100892 3.96(3-58,4-39)
<12 months 107931 3-35(3:17,3-56) 52142 2-48(2-29,2-69) 40007 4-00(3-59,4-47)
Gender
Female 309881 Ref 119385 Ref 137414 Ref
Male 477316 1-18(1-16,1-21) 192537 1-15(1-11,1-18) 204688 1-21(1-16,1-27)
Enterovirus serotype
EV-A71 255449 Ref 118011 Ref 84630 Ref
CV-A16 183606 0-19(0-18,0-20) 67453 0-17(0-16,0-18) 81050 0-23(0-21,0-25)
Others 348142 0-30(0-39,0-41) 126458 0-38(0-37,0-39) 176422 0-58(0-56,0-61)
Time from illness onset to diagnosis
0 day 76682 Ref 26114 Ref 37664 Ref
1 day 99947 0-96(0-93,0-99) 37425 1-01(0-96,1-07) 45830 0-99(0-93,1-05)
2 days 65555 1-19(1-15,1-23) 25668 1-39(1-32,1-46) 29404 1-08(1-02,1-16)
>3 days 138055 1,41(1-37,1-45) 63855 1-68(1-61,1-76) 53777 1-11(1-05,1-17)
Table 3: Risk factors associated with severe illness in laboratory-confirmed cases of hand, foot, and mouth disease, 2013-19.
Risk factors associated with severe illness in laboratory-confirmed cases of hand, foot, and mouth disease. Results from multivariate logistic regression with
backward selection of demographic and geographical variables, time from onset to diagnosis, and virus serotype (p value for exclusion >0-o01). OR=0dds ratio.
EV-Ay1=enterovirus 71. CV-A16= Coxsackie virus A16- Ref=reference.

After the launch of the EV-Ayr1 vaccine, the propor-
tion of younger HFMD cases and those infected by EV-
Ayt decreased, indicating that overall EV-A71 vaccina-
tion has had a positive impact on the control of HFMD.
We also found that there was a higher proportion of
patients 3—5 years of age. Due to the implementation
of the vaccine, the HFMD susceptible population might
have changed, however this requires further monitoring
in the future and is extremely important for the imple-
mentation and adjustment of immunization strategies.
Also, the vaccination in this age group should be
strengthened. After the launch of the EV-A7r vaccine,
we found that the median age of HFMD patients
infected with EV-A71 tended to be older. One possible
reason for this age shift is the waning of vaccine-derived
immunity and decline in the risk of infection through-
out the whole population after the implementation of
EV-A71 vaccine, so that the average age of EV-A71 infec-
tion increases, while the age-pattern of infection of non-
EV-A71 serotypes remains unchanged.”"”

EV-A71 is the main serotype causing severe or fatal
cases of HFMD,’ and the EV-Ay1 inactivated vaccine
has a good protective effect against EV-A71. Because of
the use of this vaccine, fewer cases of HFMD due to EV-
A71 serotype were reported, resulting in a substantial
decrease in the proportion of severe cases (60-96%).
Although cases of other enterovirus serotypes have
increased in recent years, they are less likely to cause

severe disease. Thus, the implementation of EV-Ay1 vac-
cination has produced a positive public health impact.
Many factors can influence the seasonal distribution
of HFMD, such as accumulation of susceptible popula-
tions, progress of prevention and control measures,
characteristics of viral serotypes, and climatic and envi-
ronmental factors. Previous studies found that meteoro-
logical factors — including temperature and
humidity — can induce EV-Ay1 and CV-A16 to cause dif-
fering epidemic scales.'® After the launch of the EV-A71
vaccine, the timing of the HFMD epidemic peak was
delayed, regardless the serotypes of enterovirus. We
think that the increased population immunity created
by the EV-A71 vaccination program may disrupt the
infection cycle.”” With vaccination, the number of sus-
ceptible people decreases, and it takes longer for the
number of susceptible people to accumulate to a certain
threshold to allow an HFMD epidemic. Also, it is possi-
ble that different serotypes have different transmission
dynamics; with EV-Ay1 vaccination the relative preva-
lence of other serotypes has increased and therefore
delayed epidemic peaks might have become more
apparent. In 2018 there was renewed efforts to control
HFMD in China. With the implementation and
strengthening of prevention and control measures, the
periodicity of HFMD have been affected to some extent.
Whether the change in seasonal peak described in this
study is related to specific serotypes and other risk
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factors requires further study. This topic is of great sig-
nificance for epidemic prediction and the implementa-
tion of prevention and control measures.

Previous studies have shown that two inactivated
monovalent EV-Ay1 vaccine doses in children are highly
efficacious (94-8—97-4%) against EV-Ayi-associated
HFMD, but not cross-protective against HFMD caused
by CV-A16 or other serotypes. This to some extent
explains the decrease in the proportion of patients
infected with EV-A71 serotype and the increase infection
with CV-A16 or other enterovirus serotypes after the
launch of the EV-Ay1 vaccination program, and the risk
was instead increased for CV-A16 and other enterovirus
compared to EV-Ayr after the launch of EV-Ay1 vaccine.
In our study we found that the cumulative incidence of
EV-A71 serotype HFMD showed a significant decrease
in its geographical distribution, except Hubei province
and Chongqing. In the case of Hubei, the EV-A71 virus
serotype was used as an indicator for the early identifica-
tion of severe cases. Because of this local policy, the
prevalence in the province might have been overesti-
mated. Studies from several provinces/prefectures
reported that a median of 49% (IQR: 43, 56%) of all EV
test-positive specimens were due to CV-AG6 in 2013 and
2015, indicating widespread emergence of CV-AG in
China since 2013."9*7 The increasing contribution of
other enteroviruses in China since 2013 was also consis-
tent with the worldwide (including Europe) outbreak of
CV-AG in 2013. After the launch of the EV-Ay1 vaccine,
we also found that the spatial distribution range of
HFMD caused by other enterovirus serotypes has
become larger.

We also believe that the prevalence of the other
enterovirus serotypes might have been influenced by
the introduction of the vaccine. For example, after the
introduction of the 7-valent pneumococcal conjugate
vaccine (PCVy), increases in the prevalence of non-
PCV7 serotypes were broadly observed.***9 It is widely
known that the introduction of a vaccine can induce
recombination between circulating serotypes, immune
escape among sub genotype strains, and spontaneous
mutations in the viral genome, which result in changes
in serotype distribution.®*° Whether after the introduc-
tion of the vaccine an increasing epidemic risk from
nonvaccine serotypes (serotype replacement) might lead
to increased disease burden is unknown. Therefore, fur-
ther research on HFMD requires ongoing monitoring
and strengthening of the monitoring system (including
laboratory testing) to fully understand enterovirus epi-
demics and the role other intestinal viruses have in
severe HFMD and clinical manifestations, and to
develop multivalent vaccines to further reduce the bur-
den from HFMD.

Several consistent risk factors for severe cases of
HFMD were observed including younger age, male, EV-
A7t infection, and longer interval from onset to diagno-
sis. After the vaccine launch, the effect size for severe
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cases of HFMD for patients aged o—5 years increased
relative to children aged more than 5 years. After the
launch of the EV-Ay1 vaccine, male patients had a
higher risk of developing severe illness. Previous
research found that male children were more suscepti-
ble to HFMD and should be considered as a group at
significant risk. The reasons for the significant differen-
ces between male and female patients remain unclear,
but might be related to the extra outdoor activities of
boys, increasing the level of exposure and the risk of
infection compared with girls. At present, few studies
have focused on the influence of sex on the severe out-
come of HFMD and the population sex ratio and impli-
cations for population-level impact. Future studies
might reveal the pathogenesis of HFMD based on the
physiological characteristics of men and women, as well
as from the perspective of sociology and behavior. The
longer the time from onset to diagnosis, the higher is
the risk of being a severe case, but the effect size after
the launch of the EV-Ay1 vaccine was decreased. In
recent years, the number of cases of other serotypes of
HFMD has increased. Their neurotropism is lower than
that of the EV-Ay1 serotype, which might lead to a
slower progression of symptoms. In 2018, China issued
new guidelines for the diagnosis and treatment of
HFMD, which clarified the early diagnosis and treat-
ment of HFMD. With the gradual improvement in
understanding of the disease, as well as national and
local HFMD monitoring systems, early detection, early
diagnosis and early treatment, more effective measures
can be taken to control and prevent the occurrence of
HFMD.

This study has several limitations. First, our study
was based on a descriptive analysis of surveillance data.
Unfortunately, we cannot explain the intrinsic mecha-
nism of some changes described, such as the delay of
the timing of HFMD epidemic peak; this is beyond the
scope of our study. Second, we did not have data on
enterovirus serotypes other than CV-A16 and EV-A7r,
although some serotypes such as CV-AG have become
more predominant in southern China.*' Third, the vac-
cination coverage rate was not included in our study
because there is no crossover between the surveillance
system and immune system for HFMD. Also, it is possi-
ble to roughly estimate the vaccine coverage rate for
each province in the mainland China from 2016 to
2019, but this data is the unpublished internal data of
the Chinese Center for Disease Control and Prevention
and has not been made public. Forth, access to and pro-
vision of health care and technical capacity varied
between and sometimes within provinces, with no for-
mal quality assurance or systematic audit for disease
surveillance. Assessment of the criteria for pathogen
detection among provinces was beyond the scope of this
study, but this might have some biases for this study
results, especially few labs will test more EV-A71 sero-
types than non-EV-A71 serotypes due to the reason of
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EV-A7y1 vaccine research and development, such as
Hubei province.

In conclusion, we found substantial HFMD illness
associated with co-circulating EV-A71, CV-A16 and
other enteroviruses in mainland China, disproportion-
ately affecting children younger than 5 vyears of age.
After the launch of the EV-Ay1 vaccine, there was a
higher proportion of patients aged 3—j5 years; increased
vaccination in this group is highly recommended. There
was a decrease in the geographical distribution range of
EV-A71 serotype in almost all provinces. We recorded
changes in HFMD seasonality across the study period,
which might be associated with climate and geographi-
cal distributions across mainland China, and might be
associated with vaccination. Patients of younger age,
male and infection with non-EV-Ayr slightly increased
the risk of being a severe case after the EV-A71 vaccine
launch.

Overall, our study used population-based, national
data to analyze the changes in the epidemiology of
HFMD after the launch of EV-A71 vaccine in mainland
China. Our results provide a preliminary understanding
of the changing epidemic of HFMD after the launch of
the EV-A71 vaccine, and provide a direction for prelimi-
nary evaluation of the EV-Ay1 vaccine’s effect on the
prevention and control of HFMD in recent years. More
broadly, further research is needed to quantify the con-
tribution of EV-Ay1 vaccine to HFMD prevention and
control. Factors other than vaccine should also be con-
sidered in further studies.
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