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Abstract

Background

Hand, foot, and mouth disease has become very common in mainland of China in recent

years, and enterovirus A71 and coxsackievirus A16 are its major etiologic factors. Here we

investigated the seroprevalence of enterovirus A71 and coxsackievirus A16 based on a

large group of healthy individuals in Shandong province, China.

Methods

A total of 1378 healthy individuals were tested for serum neutralizing antibodies against

enterovirus A71 and coxsackievirus A16 using a micro neutralization test.

Results

The overall seroprevalence of enterovirus A71 neutralizing antibodies was 74.75%. It

increased significantly from 48.84% in children aged 0–1 years old to 88.64% in those aged

20–29 years (p < 0.01) and decreased to 85.71% in adults > 40 years old with a significant

gender-specific difference (p < 0.01). The overall coxsackievirus A16 antibody prevalence

was 71.77%. It increased significantly from 39.53% in children aged 0–1 years to 80.68% in

those aged 10–19 years (p < 0.01) and decreased to 75.63% in adults >40 years without a

gender-specific difference. Nearly 50% of the children <1 year were susceptible to enterovi-

rus A71 infection versus 40% to coxsackievirus A16 infection. Sample collection time and

place also played a role in the enterovirus A71 and coxsackievirus A16 positive rates. The

overall rates in January were significantly lower than those in April and August (p < 0.01);

enterovirus A71 positive rates in Jinan city (capital city of Shandong province) were lower

than those in Jining city and Zibo city (p < 0.05); and oxsackievirus A16 positive rates in Jin-

ing city were significantly higher than those in Jinan city and Zibo city (p < 0.01).
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Conclusion

There were significant differences among age groups, locations, and time points in the sero-

prevalence rates of enterovirus A71 and coxsackievirus A16 neutralizing antibodies in

healthy people in Shandong province.

Introduction
Hand, foot, and mouth disease (HFMD) was first reported in New Zealand in 1957, and
human enterovirus A71 (EV-A71) and coxsackievirus A16 (CV-A16), members of the Picor-
naviridae family that were first isolated in 1958 and 1969, respectively [1], are the two major
causative agents of HFMD that rarely cause acute neurological symptoms [2–4]. HFMD is a
common infectious disease in young children, particularly in those<5 years, that is character-
ized by brief febrile episodes and a characteristic skin rash with or without oral ulcers, and
HFMD outbreaks have been reported in many parts of the world, especially Southeast Asia
[5–8]. In mainland of China, owing to a large number of deaths during a short period, HFMD
emerged as a serious public health problem since a large HFMD outbreak associated with sub-
genotype C4 of EV-A71, started in Shandong province, China, in 2007 [9], and then spread
throughout the country; in 2008, HFMD was classified as a category C notifiable infectious dis-
ease by the Ministry of Health in China. HFMD outbreaks are mainly caused by CV-A16 and/
or EV-A71 infections [10–12]. The co-circulation of the two pathogens has been described pre-
viously [13–15]. Compared to CV-A16 symptoms, those caused by EV-A71 infection are more
severe and lead to more serious complications and even fatalities [4,16,17].

Although immunogenicity in the maternal serum has been examined in some reports [18],
the pattern of immune responses against HFMD has not been well studied in mainland of
China. In addition, only a few studies of EV-A71 infections have been conducted in Singapore
[19–21], Germany [22], Russia [23], Brazil [24], Vietnam [25], Thailand [26], and Cambodia
[27]. However, further studies are required with regard to the distribution of immunogenicity
against CV-A16 and EV-A71 infectious. This retrospective survey performed in Shandong
province, China, aimed to provide fundamental data for the establishment of an immunization
program against infection with EV-A71 and CV-A16 and investigate the seroepidemiology of
EV-A71 and CA-V16 infections. In this study, a total of 1378 individuals were tested for serum
neutralizing antibodies (NtAb) against EV-A71 and CV-A16 using a microneutralization test.
Serum samples were collected from healthy people in seven different geographical counties of
three cities (Jinan, Jining, and Zibo) in Shandong province in January, April, and August 2010,
respectively, with no history of HFMD disease before or during the sample collection.

Methods

Ethics Statement
This study involved no human participants or human experiments. Only serum samples col-
lected from healthy children for public health purposes were used, and written informed con-
sent for the use of their clinical samples was obtained from their parents. This study was
approved by the Ethics Committee of Preventive Medicine of Shandong Center for Disease
Control and Prevention (Shandong CDC), and the methods were performed in accordance
with approved guidelines.
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Sample collection
A total of 1378 anonymized samples collected from 1378 healthy individuals (one per subject
from 652 males and 756 females, divided into seven different age groups: 0–1, 2–3, 4–9, 10–19,
20–29, 30–39, and>40 years) were tested to detect NtAb against EV-A71 and CV-A16 using a
microneutralization test. Serum samples were collected in three cities (Jinan, Jining and Zibo)
in Shandong province in January, April, and August in 2010, respectively. Previous epidemio-
logical studies have indicated that January is generally the low-point of transmission whereas
August is generally the peak in northern China [28].

Neutralization test
The neutralization test was performed using a micro technique on a human rhabdomyosar-
coma cell line as previously described, with some modifications [20]. Serum samples were ini-
tially diluted to 1:8, inactivated at 56°C for 30 minutes, incubated overnight at 4°C, and then
diluted from 1:8 to 1:2048. Twenty-five microliters of the virus with a tissue culture infective
dose (TCID50) of 100 was mixed with 25 μL of the appropriate serum dilution and incubated at
37°C for 2 hours. Finally, the rhabdomyosarcoma cell suspension (1 × 105 cells/mL) was added
to the mixture. The plates were then placed in a CO2 incubator at 36°C for 7 days and the
potential cytopathogenic effect was determined visually. Cell control, serum control, virus con-
trol, and virus back titration were established on each plate. If the back titration showed 32–
320 TCID50/well, then the test was considered valid. The EV-A71 strain (evolutionary branch
C4a; GenBank accession number: EU703812) used in this study was isolated from a patient
with HFMD in Anhui province in 2008 [29], while the CV-A16 strain (evolutionary branch
B1b; GenBank accession number: GQ429229) was isolated from a patient with HFMD in Shan-
dong province in 2007 [30]. The lowest dilution at which a cytopathic effect was observed in
>50% of wells was considered the antibody titer of the serum sample, and a titer>1:8 was con-
sidered the cutoff for a positive antibody response [31–33]. To analyze the immunity level,
three NtAb titer ranges were defined: 1:8–1:32 (low), 1:64–1:256 (medium), and 1:512–1:2048
(high).

Statistical analysis
An antibody titer�1:8 was considered positive. The chi-square test was used to compare the
distribution of NtAb-positive rates of EV-A71 and CV-A16 in different groups categorized by
age, gender, specimen collection month, and specimen collection location. We conducted logis-
tic regression analyses to examine the correlations between one main exposure (age, gender,
specimen collection month, and specimen collection location) and EV-A71 and CV-A16 sero-
prevalence with adjustment for the other exposures. Odds ratios (ORs) and corresponding con-
fidence intervals (CIs) for each category, compared with the reference group, were calculated.

Results

Overall EV-A71 and CV-A16 seroprevalence
EV-A71 and CV-A16 infections were widely present in the studied population, although all of
the serum samples were collected from individuals who never suffered from HFMD. This result
means that asymptomatic EV-A71 and CV-A16 infections are very common. Of the 1378
serum specimens tested in this study, the seropositive rates were 74.75% (1030/1378) for
EV-A71 and 71.77% (989/1378) for CV-A16. Moreover, 45%–60% of the children aged<3
years had antibodies to EV-A71, which indicates that almost half of the children were suscepti-
ble to the infection (Fig 1 and Table 1).
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Fig 1. Age-rated and sex-dependent prevalence of neurtralizing antibodies to EV-A71 (upper panel) and CV-A16 (lower
panel) in healthy individuals in Shandong province. (Male, blue bars; female, red bars).

doi:10.1371/journal.pone.0162373.g001
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No significant difference in seropositive rate was observed between EV-A71 and CV-A16,
indicating that the susceptibility to both viruses was the same in all age group. The EV-A71 sero-
positive rate was significantly higher in females (572/726; 78.79%) than in males (458/652;
70.25%) (p< 0.001), and the multivariable logistic regression analyses also supported this con-
clusion. However, no gender-specific difference was identified in CV-A16 seroprevalence
(p> 0.05) (Tables 1 and 2). We compared the distribution of EV-A71 seroprevalence by age
groups and found that it was 48.84% for those aged<1 year (n = 43), 62.5% for those aged 1–3
years (n = 205), 72.04% for those aged 4–9 years (n = 286), and>82% for all subjects aged>10
years. Compared with those aged<1 year, the seroprevalence was significantly increased in the
older age groups, with an OR (95% CI) of 2.7 (1.4–5.2) for those aged 4–9 years, 4.8 (2.4–9.9) for
those aged 10–19 years, 8.0 (3.2–19.7) for those aged 20–29 years, 6.1 (2.5–14.9) for those aged
30–39 years, and 6.1 (2.9–12.5) for those aged>40 years; there was no statistically significant dif-
ference, excepted for those aged 1–3 years, with an OR (95% CI) of 1.6 (0.8–3.0) (Table 2).

Compared to that observed for EV-A71, the overall seroprevalence of CV-A16 was a little
lower in the majority of age groups, but the difference was not statistically significant. There
was a significant increase in the CV-A16 seroprevalence from 39.5% among infants<1 year of
age to 64.3% for subjects 1–3 years old (p< 0.001). Compared with subjects<1 year of age, the

Table 1. Seroprevalence of HEV71 and CAV16 in healthy people in Shandong province, China.

EV-A71 Serostatus P value CV-A16 Serostatus P value

Negative Positive Negative Positive

Age, years (%) <0.001 <0.001

<1 22 (51.16) 21 (48.84) 26 (60.47) 17 (39.53)

1–3 123 (37.50) 205 (62.50) 117 (35.67) 211 (64.33)

4–9 111 (27.96) 286 (72.04) 110 (27.71) 287 (72.29)

10–19 37 (17.87) 170 (82.13) 40 (19.32) 167 (80.68)

20–29 10 (11.36) 78 (88.64) 22 (25.00) 66 (75.00)

30–39 11 (14.29) 66 (85.71) 16 (20.78) 61 (79.22)

>40 34 (14.29) 204 (85.71) 58 (24.37) 180 (75.63)

Overall 348 (25.25) 1030 (74.75) 389 (28.23) 989 (71.77)

Sex, n(%) <0.001 0.06

Male 194 (29.75) 458 (70.25) 200 (30.67) 452 (69.33)

Female 154 (21.21) 572 (78.79) 189 (26.03) 537 (73.97)

doi:10.1371/journal.pone.0162373.t001

Table 2. Multivariable logistic regression of EV-A71 and CV-A16 seroprevalence.

EV-A71 P value CV-A16 P value

Variable OR (95% CI) OR (95% CI)

Age in years

<1 Reference Reference

1–3 1.6 (0.8–3.0) 0.17 2.6 (1.3–5.0) 0.005

4–9 2.7 (1.4–5.2) 0.003 4.1 (2.1–7.9) <0.001

10–19 4.8 (2.4–9.9) <0.001 6.5 (3.1–13.3) <0.001

20–29 8.0 (3.2–19.7) <0.001 4.6 (2.1–10.2) <0.001

30–39 6.1 (2.5–14.9) <0.001 5.9 (2.5–13.7) <0.001

>40 6.1 (2.9–12.5) <0.001 4.7 (2.3–9.5) <0.001

Sex

Male 0.7 (0.5–0.9) 0.01 0.9 (0.7–1.1) 0.22

Female Reference Reference

doi:10.1371/journal.pone.0162373.t002
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seropositive rate increased in older age groups, with an OR (95% CI) of 2.6 (1.3–5.0) for those
aged 1–3 years, 4.1 (2.1–7.9) for those aged 4–9 years, and 6.5 (3.1–13.3) for those aged 10–19
years and then decreased to 4.7 (2.3–9.5) for those>40 years of age. From the results, we can
infer that infants<1 year of age were the susceptible population. The peak of the CV-A16 sero-
prevalence was observed in subjects 10–19 years old, with no further significant decline in the
subsequent age groups.

Titer distribution of NtAb in seropositive individuals and age-dependent
immunity to EV-A71 and CV-A16 infections
To analyze the immunity level, three NtAb titer ranges were defined: 1:8–1:32 (low), 1:64–
1:256 (medium), and 1:512–1:2048 (high). Our analysis showed that the distribution of low
and medium EV-A71 NtAb titers among the different age groups was inconsistent (Fig 2A).
For the low NtAb titer, the percentages of three groups (aged 1–3, 4–9, and 10–19 levels) were
<40%, while those of the remaining age groups were all>40% (Fig 2A). In contrast, for the
medium NtAb titer, the lowest percentage (26%) was found in the first age group (< 1 year),
while those of the remaining age groups were all>40% and the subjects 4–9 years had the high-
est percentage (approximately 55%) (Fig 2A). Unlike the trend observed with low and
medium-level titers, high EV-A71 NtAb titers decreased as age increased.

In contrast, most people tested presented with low-level CV-A16 NtAb titers (Fig 2B), espe-
cially the<1, 1–3, and 20–29 year age groups. However, patients with medium-level NtAb
titers (4–9, 10–19, 30–39 year age groups) comprised>40% of the study population, while
those of the remaining groups comprised<40% of the study population, with patients aged<1
and 1–3 years accounting for<30% (Fig 2B). In particular, only a few people demonstrated
high CV-A16 NtAb titers (Fig 2B).

Influence of collection time points and geographic areas
We conducted a multivariable logistic regression according to specimen collection time and
geographic areas to study their influence on the seropositive rate (Table 3). Our results showed
that serum specimens collected in January had significantly lower seropositive rates of EV-A71
and CV-A16 NtAb than those of samples collected in April and August (both p< 0.01).

Meanwhile, the seroprevalence of EV-A71 in Jinan city was lower than those observed in
Jining city and Zibo city (p< 0.05). The seroprevalence of CV-A16 in Jining city was higher
than that observed in the other two cities (p< 0.05).

Discussion
EV-A71 and CV-A16 are the major pathogens associated with sporadic cases and epidemics of
HFMD, although 50–80% of infections are asymptomatic. In mainland of China, an outbreak
of HFMD occurred in Shandong province in 2007 that was caused by a subgenotype C4 virus
of EV-A71. A total of 1149 cases were reported; of them, 970 patients (84.4%) were<5 years
old [9]. Nationwide HFMD outbreaks have occurred since 2008 [29], and the HFMD epidemic
continues to infect Chinese children<5 years of age every year [28,34,35]. However, CV-A16
could co-circulate with EV-A71, causing very few severe illnesses [36]; EV-A71 seems to be
more severe with significantly higher frequencies of serious complications and fatalities [17]. A
serologic survey would be useful to understand the level of disease susceptibility and immunity
against HFMD among different age groups of people. With NtAb detection, a guide for future
immunization programs against HFMD could be developed. This report provides evidence of
the improvement of disease monitoring and prediction measures against HFMD.

Seroprevalence of EV-A71 and CV-A16 in Shandong
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Our study revealed that the positive rates of NyAb against EV-A71 among children aged<3
years were significantly lower than those of people aged>10 years, while the positive rates of
NtAb against CV-A16 among infants aged<1 year were significantly lower than those aged
>10 years. With increasing age after 10 years, the positive rates of NtAb against EV-A71 and

Fig 2. Titers of NtAb to EV-A71 (Panel A) and CV-A16 (Panel B).Only seropositive individuals of the study are included in the figure.

doi:10.1371/journal.pone.0162373.g002
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CV-A16 reached a plateau. Our data also indicate that most EV-A71 infections occur during
childhood or early adolescence. Accordingly, the highest antibody titers were observed in these
age groups. The low EV-A71 and CV-A16 seroprevalence in the young age groups indicates
that infection before the (pre)school years is uncommon. This finding is also supported by the
observation that a high proportion of children aged<5 years old were seronegative. The posi-
tive immune status for EV-A71 of children reached a steady state in children 4–9 years of age.
Furthermore, the number of individuals with a high anti-EV-A71 NtAb level decreased as age
increased. In contrast to EV-A71, a high anti-CV-A16 NtAb level was rare in all age groups,
indicating that EV-A71 might account for the dominant cases in the HFMD epidemic process.

Immunity to EV-A71 and CV-A16 is mainly dependent on humoral factors, i.e. NtAb for-
mation, although enteroviral infections also induce T-cell immunity [37]. It is currently unclear
whether each individual with a low or undetectable NtAb level is susceptible to EV-A71
infection.

In mainland of China, C4a EV-A71 first led to a large-scale HFMD epidemic in Linyi city of
Shandong province, where it was first confirmed that EV-A71 induced additional cases of
HFMD-related deaths in mainland of China [9]. Previous studies suggested that the EV-A71
strain that caused large-scale HFMD outbreaks with a high number of severe cases and deaths
in Fuyang city of Anhui province in 2008 and in Shangqiu city of Henan province in 2009 orig-
inated from Linyi city of Shandong province by molecular evolution [38]. Hence, studies on
the HFMD epidemic and EV-A71 seroprevalence in Shandong province have a very important
position in the history of the HFMD epidemic in mainland of China.

However, Shandong province is located in eastern China with a temperate monsoon cli-
mate. In contrast to tropical regions where infections occur at a high incidence throughout the
year, HFMD outbreaks and epidemics in Shandong province primarily occur in summer and
autumn [28,39]. Our study also found that the serum specimens collected in January (cold sea-
son) had significantly lower EV-A71 and CV-A16 NtAb seropositivity rates than those col-
lected in April and August (warm season). These findings are in line with the HFMD epidemic
and indicate that the enteroviral infection prevalence is seasonal. In addition to the factor of
temperature, some other factors such as school holidays or the beginning of a school term may
also be the causes of the formation of seasonal.

In Cambodia in 2012, a HFMD outbreak characterized by severe encephalitis with cardio-
vascular collapse and pulmonary edema seized international attention and resulted in the
deaths of at least 54 children [27] and ultimately, the evolutionary branch C4a EV-A71 was
identified as the cause, which is similar to the popular HFMD in mainland of China. Serum
samples collected during 2000–2011 were screened for NtAb against EV-A71 and showed that
the overall seroprevalence of EV-A71 NtAb was 93.1% (1:8 was set as the cutoff value), which

Table 3. Multivariable logistic regression of the geometric mean titer for EV-A71 and CV-A16 seropositive individuals.

Variable EV-A71 P value CV-A16 P value

OR (95% CI) OR (95% CI)

Month of specimen collection

January 0.6 (0.5–0.9) 0.004 0.5 (0.4–0.7) <0.001

April 1.3 (1.0–1.9) 0.08 1.0 (0.7–1.4) 0.93

August Reference Reference

Place of specimen collection

Jinan 0.7 (0.5–1.0) 0.04 0.9 (0.7–1.2) 0.53

Jining 1.1 (0.8–1.5) 0.55 1.5 (1.1–2.0) 0.01

Zibo Reference Reference

doi:10.1371/journal.pone.0162373.t003
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showed a similar pattern in this study [27]. A number of studies demonstrated the high sero-
prevalence of EV-A71 NtAb among children several years before and after the large-scale
HFMD outbreaks and indicated that the EV-A71 seropositivity rate increased with age but
showed no significant sex-specific difference [25,26]. However, the seroprevalence of EV-A71
varies significantly among different regions of the world in countries without large-scale
HFMD outbreaks, e.g. the reported EV-A71 seroprevalence was only 12% in subjects 1–4 years
of age in Germany [22] and 20.2% in subjects 1–3 years of age in Brazil [40].

Studies have also suggested that geographical differences in EV-A71 and CV-A16 infections
in different parts of China, particularly northeast China, where EV-A71 and CV-A16 infections
were inactive mainly due to the cold climate, low population density, and other factors [33]. In
the same province, the seroprevalence of EV-A71 or CV-A16 may be completely different in
different geographic regions. Among the three cities in this study, in 2010, the seropositive rate
of EV-A71 in Jinan city was the lowest, while the seropositive rate of CV-A16 in Jining city was
the highest. There were no apparent links between EV-A71 seroprevalence and population
density due to the three cities with similar population densities. However, the prevalence of
EV-A71 and CV-A16 may change after enough susceptible persons were accumulated in the
area with lower seropositive rate of the corresponding viruses. Therefore, public health mea-
sures to control the spread of EV-A71 and CV-A16 should be devised according to the differ-
ent regional characteristics of areas in mainland of China [33].

Although EV-A71 (evolutionary branch C4a) [38] and CV-A16 (evolutionary branches B1a
and B1b) [30] are widely believed to be the most prevalent serotypes in circulation in mainland
of China, this situation may change under certain circumstances. Many other genotypes and
subgenotypes of EV-A71 are currently circulating in neighboring countries and regions, and
some sporadic importations of other genotypes and subgenotypes of EV-A71 have already
been reported [41,42], however, they never became predominant genotypes in mainland of
China up to now. Even if this happens, a cross neutralization study with nine EV-A71 strains
belonging to nine genotypes and subgenotypes (A, B3, B4, B5, C1, C2, C3, C4, and C5) showed
remarkable cross-neutralizing reactivity to these different genotype EV-A71 strains [43] which
means C4 subgenotype EV-A71 strain could be used in the seroepidemiology study in main-
land of China and can give an true neutralizing antibody levels against all genotypes of
EV-A71. However, other serotypes such as CV-A6 were circulating in mainland of China and
became the predominant enteroviruses that caused HFMD in 2013 and 2015 [36,44–47]. Inac-
tivated EV-A71 vaccines that developed based on the C4 genotype strain circulating through-
out mainland of China were licensed in the end of 2015 [48–50], and will be used to prevent
EV-A71–related HFMD in 2016; although an inactivated EV-A71 vaccine derived from C4
subgenotype strain could be effectively used to induce adequate protective immunity against
infection by most of the predominant circulating EV-A71 strains [43], it doesn't work for
CV-A6. Thus, a seroprevalence study of other enteroviruses such as CV-A6 using the same
serum samples is also very important and can help predict the efficacy of a mass vaccination
program that specifically targeted EV-A71.

In conclusion, EV-A71 or CV-A16 infection is very common in Shandong province. Our
results were generally consistent with those obtained from neighboring provinces, such as
Guangdong, Shanghai, Jiangsu and Anhui [18,32,33,51,52]. This study reflects that herd immu-
nity against EV-A71 infection is lower in young children in Shandong province even after the
EV-A71 outbreak in 2007 [9]. Therefore, an immunologic protective barrier cannot be built
through natural infection. The significant increases in the HFMDmorbidity and mortality
have caused an enormous public health burden. Unfortunately, there are no effective drugs
against enteroviral infectious, and severe cases often progress very rapidly. Therefore, a safe
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and effective vaccine and a targeted effective therapeutic agent against EV-A71 to control
EV-A71 outbreaks is urgent needed to reduce EV-A71-related disease burdens and fatalities.
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