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Abstract

Background: Hand, foot and mouth disease (HFMD) reinfection is common because of the limited cross-
protection from infections of different enterovirus. We aimed to investigate the epidemiological characteristics
and its influential factors of HFMD reinfection in Guangzhou, China.

Methods: Data on HFMD patients aged <5 yr from 2012 to 2017 were extracted from surveillance system.
Influential factors of reinfection were assessed using the logistic regression model.

Results: Of 369,054 HFMD patients, 11,321 patients (3.07%) were classified as reinfection. The reinfection
rate in male was higher than in female (}?=60.11, P<0.001). The reinfection rate in patients <1 yr was 3.86%,
which showed a downward trend with age (Z=37.37, Pena<0.001). The highest reinfection rate was observed in
the scattered children (3.38%), followed by nursery care children and others (y?>=514.75, P<0.001). Besides,
higher risk of reinfection was detected among those who were male, lower age group, rural residence and other
enteroviruses infection compared with their respective counterparts. Seasonality was illustrated according to the
number of reinfections peaked from April to July. Time intervals curves revealed the number of reinfections
gradually increased after 13 months from the initial infection.

Conclusion: Male =4 yr, living rural area, especially those lived scattered and infected with other enteroviruses
were more likely to be reinfection.
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Introduction

Hand, foot and mouth disease (HFMD) is a fever, painful sores in the mouth and a rash with
common childhood illness caused by various en- blisters on hands, feet and buttocks. However,
teroviruses. Generally, the disease is mild and severe symptoms such as meningitis, encephalitis
self-limiting, with common symptoms including and polio-like paralysis may occur (1). The most
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common causative pathogens are coxsackievirus
A16 (CoxA16) and enterovirus 71 (EV71), with
the latter accounting for the majority of severe
and fatal HFMD (2). HFMD is widespread in the
Asian-Pacific region, such as Japan, Singapore,
Vietnam, Taiwan and Hong Kong (3). As one of
the most affected countries, China reported
10,717,283 HFMD cases from May 2008 to June
2014, with 3,046 deaths and a fatality rate of
0.03% (4. Morbidity  increased  from
146.6/100,000  populaton in 2015  to
149.4/100,000 population in 2018 and peaked in
2016 at 178.2/100,000 population. The incidence
of HFMD also varies geographically (5, 6), with
most cases occurring in large, densely populated
cities. The situation is more serious in Guang-
zhou, where the incidence was 4 times higher
than the national average (7). Guangzhou is one
of the top 3 cities in terms of the total number of
HFMD cases reported (8). Thus, HFMD repre-
sents a growing public health threat to children
and social development.

The first inactivated EV71 vaccine for preventing
HFMD became commercially available in China
in 2015 (9). Although the EV71 vaccine showed
a >90% protective effect against EV71-related
HFMD (10, 11), reinfection can occur because of
the lack of cross-protection against other viral
subtypes. From 2008 to 2015, 398,010 out of an
estimated 820,000 HFMD patients were diag-
nosed as reinfection cases in China (12). The
prevalence of HFMD reinfection in different re-
gions has been estimated, with the reinfection
rate ranging from 0.10% to 12.68% (13). For ex-
ample, 8,960 patients (2.02%) were confirmed to
have reinfection in Anhui and the annual reinfec-
tion rate increased each year from 2008 to 2013
(14). Furthermore, a cohort study reported the
reinfection rate was 3.15% in Fujian Province;
patients were mainly infected twice, with the cu-
mulative number of up to five reinfections (15).
Nevertheless, few large-scale epidemiological
studies have been carried out on HFMD reinfec-
tion in Guangzhou. Considering that children
aged =5 yr represent a high-risk population of
HFMD (16), we aimed to describe epidemiologi-
cal characteristics for HFMD reinfection and ex-
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amine the relationship between reinfection in pa-
tients aged =5 yr and influential factors.

Methods

Surveillance data

HFMD (mild/severe) is a collection of laborato-
ry-confirmed cases (EV71/CoxA16/other enter-
oviruses) and clinically diagnosed cases (unknown
enteroviruses) considered notifiable diseases in
China. Once diagnosed, cases must be reported
to the web-based China Information System for
Disease Control and Prevention (CISDCP) with-
in 24 h according to the guidelines for the pre-
vention and control of HFMD (2009 edition)
(17), published by the Chinese Ministry of
Health. Daily count data for HFMD patients
aged =5 yr covering from 2012-2017 were ob-
tained from CISDCP. Patients’ name, sex, age,
date of birth, detailed address, group classifica-
tion, case classification, date of onset, laboratory
results, severity, parents’ names and contact
number were also collected from the system.
Non-resident cases were excluded. In addition to
passive surveillance of infectious diseases, the
local Centers for Disease Control offices also
conducted regular active surveillance to reduce
misreporting and underreporting rates.

The Ethics Committee of Guangzhou Center for
Disease Control and Prevention approved this
study (Grant No.: 2017014).

Screening criteria

The following definitions were used in this study.
Single infection: only one infection between 2012
and 2017; multiple infections during this period
but within 14 d after the first onset.

Reinfection: at least two infections during this
period; the infections with the same patient’s
name, date of birth and contact information. If
only one item is similar, then the infection can be
verified by other items such as parents’ names or
address; the interval between the two infections
was =15 d (18). The initial infection refers to the
first infection of the reinfected patient; the sec-
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ondary infection refers to the second infection of
the reinfected patient.

Statistical analysis
The reinfection rate was calculated as follows:

Reinfection rate

number of reinfections
X 100%.

" number of reported infections
The median and interquartile range (IQR) were
used for statistical description of measurement
data, and count data were presented as rate and
proportion. The chi-squared test or Fisher’s exact
test was used to compare differences between
groups. The Cochran—Armitage trend test was
applied to analyze the relationship between rein-
fection rate and age. Independent risk factors of
HFMD reinfection were assessed using logistic
regression analysis. Statistical analyses were per-
formed using SAS V9.4. A two-tailed P-value
<0.05 was considered as significant.

Results
General characteristics

In total, 369,054 HFMD patients aged =5 yr
were included in analyses. Of these, 11,321 pa-

tients had repeatedly suffered from HFMD. The
reinfection rate was 3.07%, with 10,934 patients
infected twice (2.96%), 376 patients infected
three times (0.10%), and 11 patients infected four
times (0.003%). Nearly 5.91% (1,154/19,526) of
patients have showed HFMD reinfection among
laboratory-confirmed cases, and other enterovi-
ruses was the highest reinfection prevalent
(6.36%). No severe patients were identified
among reinfection cases.

The reinfection rate was significantly higher in
males (3.24%, Table 1) than in females (2.79%)
(P<0.001). Reinfection rates were also age-
specific. Patients aged <4 yr (96.54%) accounted
for the majority of reinfection cases [median age:
2 yr IQR=1,3)]. The reinfection rate of patients
aged 1 year was the highest (3.86%) and declined
with increasing age (Piend<0.001). More reinfec-
tion cases (3.38%) occurred in scattered children
than those in nursery care children (1.75%) and
other (0.81%) children (P<0.001). The reinfec-
tion rate was higher in rural areas than urban and
suburban areas (P<0.001). No significant differ-
ence in the case severity rate between reinfection
and single infection patients was found (P>0.05).

Table 1: General characteristics of HFMD patients

Characteristics Total  Reinfection Single infec- X’ r
(N) tion
n % n Yo
All cases 369,054 11,32 3.07 357,73 96.9 - -
1 3 3
Sex 60.11  <<0.001
Male 226,053 7,330 3.24 218,72 96.7
3 6
Female 143,001 3,991 279 139,01 972
0 1
Age (y1) 14423 <0.001
3
<1 177,781 6,866 3.86 17091 96.1 37.37° <
5 4 0.001&
2 74,491 2,500 336 71,991  96.6
4
3 65,459 1,563 239 63,896 97.6
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4 35,071 361
5 16,252 31

Group classification
Scattered children 298,345 10,08

6
Nursery care chil- 70,218 1,231
dren
School stu- 491 4
dents/Others
Region
Rural 104974 3555
Suburbs 151704 5100
Urban 104974 2666
Clinical manifestation #
Mild 368,897 11,31
2
Severe 28 0
Case classification §
Unknown 349,528 10,16
7
EV71 3,741 168
CoxA16 3,594 211

Other enteroviruses 12,191 775

1
1.03 34,710 989

7
0.19 16,221 99.8

1

51475 <€0.001
3.38 288,25 906.6

9 2
1.75 68,987 982
5
081 487  99.1
9
146.02  <0.001
9
316 14660  96.6
4 4
336 14660  96.8
4 4
254 10230 97.4
8 6
>0.05*
3.07 357,58 96.9
5 3
0 28 100

593.77  <€0.001
291 33936 97.0

1 9
449 3573 955
1
587 3,383 94.1
3
636 11,416  93.6
4

# Clinical manifestation was missing for 129 patients; & Cochran—Armitage trend test; * Fisher’s exact test; § Of all

patients, only 19,526 were laboratory-confirmed cases

Seasonal distributions and time interval

The highest HFMD reinfection rate was reported
in 2013 (4.49%), whereas the lowest rate was re-
ported in 2017 (0.20%, data not shown). As ex-
pected, the number of initial infections peaked
from April to July each year, while a smaller au-
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tumnal peak (around September) was evident in
2012-2015 (Fig. 1). The lowest number of pa-
tients was seen in February. The seasonal distri-
butions of initial, secondary and single infections
were similar.
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Fig. 1: Seasonal distributions of reinfections and single infections

The median time interval of patients infected
twice was 13 months (IQR=10,21). In patients
infected thrice, the median time intervals of the
antecedent two infections and the latter two in-
fections were 12 months (IQR=8,15) and 13
months (IQR=10,21), respectively. Likewise, in
patients infected four times, the median time in-
tervals between adjacent infections was 7 months
(IQR=4,19), 7 months (IQR=4,17) and 12
months (IQR=2,16) in order. Reinfections were

700
600
500
400
300

200

Number of reinfections

100

more likely to occur in the next epidemic season
for all age groups. The first peak in the time in-
terval between initial and secondary infections
was 13 months, followed by 25 months and 37
months (Fig. 2). For the different age groups (1,
2, 3, 4, and 5 yr), the proportions of cases in
which the time interval between the initial and
secondary infections was within 2 yr were
78.56%, 84.52%, 91.36%, 100% and 100%, re-
spectively.

Age group
(years)

1 3 5 7 9111315171921 23252729313335373941 434547 49 51 535557 59616365

Months

Fig. 2: Time intervals between initial infections and secondary infections in different age groups

Virus subtype of HFMD reinfection

Overall, 1,832 HFMD reinfection were classified
as laboratory diagnosed, of which 1,154 patients
had initial infection and 678 patients had second-
ary infection (Table 2). Laboratory results were
available for both initial and secondary infections
in 301 patients with reinfection. The median age
was 2 yr for seven patients infected with EV71

2082

twice, and the median time interval between in-
fection and reinfection was 11 months. In addi-
tion, three patients were infected with CoxA16
twice. For patients infected with different entero-
viruses between the initial infection and the sec-
ondary infection, statistically significant differ-
ences in virus types of HFMD reinfection infec-
tion were recognized (P<0.001).
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Table 2: Comparison of enteroviruses responsible for HFMD reinfection

Initial infection Secondary infection X r

Other enterovirus- CoxAl EV7  To-

es 6 1 tal

Other enterovirus- 112 47 49 208 209 <0.00
es 0 1
CoxAl6 40 3 4 47
EV71 35 4 7 46
Total 187 54 60 301

The proportion of patients diagnosed with
EVT71-associated HFMD as the secondary infec-
tion (24.34%; OR=1.37, 95%CI=1.07-1.75, Ta-
ble 3) was higher than that in the single infection

group (19.45%; OR=1.23, 95%CI=1.04-1.406)
and the initial infection group (14.56%). Howev-
er, there is no statistical significance between sec-
ondary infection and single infection.

Table 3: Risk analysis of HFMD causative pathogens in different infection groups

Infection Labora- Virus subtypes
groups tory di- EV71 CoxA16 Other enterovituses
agnosed  n (%) OR Ps n (%) OR Ps n (%) OR Ps
(95%CI) § (95%CL) § (95%CI) §
Reinfection 1.23 0.0 0.88 0.3 0.89 0.2
(1.04~1.46) 12 0.69~1.13) 19 (0.73~1.09) 58
# # #
Initial 1154 168 1.37 0.0 211 0.91 0.2 775 0.94 0.3
(14.56)  (1.07~1.75) 16 (18.28)  (0.78~1.07) 50 (67.16)  (0.82~1.06) 03
& & &
Secondary 678 165 1.11 0.2 136 0.97 0.7 377 0.95 0.5
(24.34)  (0.93~1.33) 56 (20.06)  (0.80~1.17) 40 (55.60)  (0.81~1.12) 53
Single infec- 18,372 3573 1.00 3,383 1.00 11,416 1.00
tion (19.45) (18.41) (62.14)

# Single infection group vs. Initial infection group; & Secondary infection group vs. Initial infection group; * Second-
ary infection group vs. Single infection group; § Adjusted for sex and age

Moultivariate analysis of influential factors for reinfection

Multivariate analysis indicated that the reinfection
risk was higher among males compared with fe-
males (OR=1.18, 95%CI=1.14-1.23, Table 4).
The risk of reinfection was also 17.95-fold higher
in patients aged 2 yr than those aged 5 yr
(95%CI=12.57-25.64). Notably, the OR of rein-
fection in patients aged <1 year reached 20.65

Available at:  http://ijph.tums.ac.ir

(95%CI=14.46-29.48). In addition, the signifi-
cant association of living area was observed
(95%CI=1.14~1.27, 95%CI=1.15-1.27). Interest-
ingly, patients with other enteroviruses had a
higher risk of reinfection than those with EV71
infection HFMD (OR=1.21, 95%CI=1.02-1.44).
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Table 4: Multivariate regression analysis of the relationship between influential factors and HFMD reinfection

Influential factors B Wald Adjusted OR (95%CI)  Adjusted P

Sex
Male 0.169 71.440 1.18 (1.14~1.23) <0.001
Female 1.00

Age (yr)
<1 3.028 277.679 20.65 (14.46~29.48) <0.001
2 2.888 251.958 17.95 (12.57~25.64) <0.001
3 2.538 195.053 12.65 (8.86~18.00) <0.001
4 1.687 81.083 5.40 (3.74~7.80) <0.001
5 1.00

Group classification
Scattered children 0.388 0.588 1.47 (0.55~3.97) 0.443
Nursery care children 0.379 0.559 1.46 (0.54~3.94) 0.455
Others/School students 1.00

Region
Rural 0.184 49.683 1.20 (1.14~1.27) <0.001
Subutrbs 0.189 1.21 (1.15~1.27) <0.001
Urban 1.00

Case classification
Unknown -0.552 0.58 (0.49~0.67) <0.001
Other enteroviruses 0.194 1.21 (1.02~1.44) 0.027
CoxA16 0.246 1.28 (1.04~1.58) 0.021
EV71 1.00

Discussion

We conducted a retrospective study to explore
the epidemiological characteristics of HFMD re-
infection and its associations with influential fac-
tors. The HFMD reinfection rate of patients aged
=5 yr in Guangzhou from 2012 to 2017 was
3.07%. This finding was consistent with that re-
ported in a study (3.17%) (19), and the rate in
Guangzhou was higher than that in Wuhan
(1.93%) (18) and lower than that in Wuxi (6.01%)
(20). This difference in HFMD reinfection rates
may be attributed to variation in geographical
regions and time spans. A highly dense popula-
tion is a risk factor for spread of HFMD (21),
similar to dengue fever (22) and influenza (23).
The population density in Guangzhou amounted
to 1,950 people/square km in 2017, ranking in
the top 10 most populated cities in China (24).
Consequently, densely populated areas such as
Guangzhou should be closely monitored for
HFMD infection.

2084

The results obtained from our study and another
one were comparable (14), with a higher reinfec-
tion rate in males than in females. It is possible
that males are more likely to be exposed to path-
ogens because of their high activity (25). Addi-
tionally, it may be related to children’s immune
constitution (26). However, the susceptibility of
males aged =1 yr to reinfection remains to be
further studied.

A systematic review has demonstrated that the
antibody level against EV71 or CoxA16 dramati-
cally increased among children aged 1-4 yr (27).
The immune level to enterovirus would accord-
ingly increase with increasing age (28). Our re-
sults also clarified that younger children have a
greater likelthood of HFMD reinfection. It is
necessary to remind younger children to maintain
healthy habits, especially good hand washing
practices (29).
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The present study discovered that scattered chil-
dren were more prone to HFMD reinfection. A
similar finding has also been noticed in Huainan
(30). These findings are somewhat contrary to the
general belief that nursery care children have
more contact with each other and should have a
higher risk of reinfection (31). Possible reasons
are that most scattered children are young and
have poor self-care ability. For instance, because
these children are accustomed to sucking their
fingers, reinfection may readily occur through the
fecal-oral route (32). Moreover, scattered children
lack effective early detection methods, such as
morning examination. The study also reported
relatively higher reinfection risk in rural or sub-
urbs areas compared with urban areas. This find-
ing is somewhat consistent with the general belief
that rural or suburbs areas have worse sanitary
and should have higher risk.

Remarkably, findings of a seasonal pattern with
the peak from Apr to Jul are consistent with oth-
er findings (33), which examined the effects of
humidity on HFMD reinfection. Relative humidi-
ty is associated with elevated risks of HFMD re-
infection (33). Adverse effects of relative humidi-
ty are generally long term. A humid environment
has been reported to promote sutrvival of
HFMD-related virus (34). A relatively small
number of reinfections were identified in Febru-
ary, which coincided with the school holiday sea-
son, reducing contact opportunities among sus-
ceptible children. These results agreed with those
(35), who suggested the association between hol-
idays and disease epidemics.

More importantly, the median time interval of
HEFMD reinfection was 13 months. Initially in-
fected patients recovered from the infection at
the peak of the epidemic, and then became in-
fected with another virus in the next peak month,
resulting in reinfection. Single infection included
both patients initially infected before 2012 and
patients reinfected after 2017. Therefore, the ac-
tual reinfection rate is likely higher than reported,
which may also explain the seasonal distribution
curve of the lower peak for secondary infection
in 2012 and initial infection in 2017.
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Laboratory results in patients whose pathogens
were detected in two infections support the no-
tion that limited cross-protection against differ-
ent virus subtypes occurs after natural infection,
which is in agreement with observations from the
EV71 vaccine study (36) and a modeling study of
natural infections (37). One reason underlying
EV71 reinfection is that patients have been in-
fected with the variant EV71 genogroup succes-
sively. At present, the EV71 genogroup reported
in most regions of China is C4a/C4b (38), but
there are also reports of EV71 B genogroup
causing disease (39). Thus, the current EV71 vac-
cine may not provide cross-protection between
genogroups, allowing for reinfection.
Interestingly, a relatively higher reinfection rate
was observed for other enteroviruses compared
with EV71. Recently, other enteroviruses have
replaced EV71 and CoxAl6 as predominant
pathogens of HFMD in mainland China, alt-
hough it is unclear if this is consistent throughout
China (6). Additionally, other enteroviruses have
been responsible for HFMD outbreaks in Eu-
rope (40, 41). These studies provided strong evi-
dence of other enteroviruses as new and im-
portant causes of reinfection, thus highlighting
the necessity of comprehensive surveillance of
HMFED infections caused by other enteroviruses
in addition to EV71 and CoxA16 in the future.

In this study, although patients were more sus-
ceptible to EV71 during single infection, patients
were at greater risk of contracting EV71 during
secondary infection than in initial infection if
secondary infection occurred. Patients infected
with EV71 have increased risk for severe HFMD
reinfection (12). This indicates that severe risk of
secondary infection may be higher for the re-
infected case. However, few severe cases were
observed, which requires further verification.
While we characterized HFMD infection over a
longer period in this study, some limitations must
be discussed. First, influential factors for HFMD
include hygiene and social contacts, but we failed
to collect this information completely. Second,
the results are not representative enough to be
extended to other regions.
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Conclusion

The HMFD reinfection rate was 3.07% from
2012 to 2017 in Guangzhou. Sex, age and case
classification have a significant effect on HFMD
reinfection. Targeted health education programs
and interventions must be developed to reduce
the HFMD reinfection rate in susceptible popula-
tions.
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