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Introduction

Hand foot and mouth disease (HFMD) is a common 
infectious disease caused by various human enteroviruses in 
children younger than 5 years (1). Enterovirus A 71 (EV-
A71) and Coxsackievirus A 16 (CV-A16) are the two major 
pathogens responsible for worldwide HFMD epidemic, and 

increasing cases of HFMD due to other enterovirus such 
as CV-A6 and CV-A10 have been reported recently (2-4). 
Severe neurological and systemic complications of HFMD 
in young children are often associated with EV-A71 (5),  
which makes EV-A71 epidemic a serious public health 
problem in the Western Pacific region in the past decades. 
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China is the most affected country, in where at least 13 
million HFMDs and more than 3,000 deaths have been 
reported from 2008 to 2015 (6). So the rapid development 
of EV-A71 vaccines is motivated by the overwhelming 
public health need and strong market demand in China.

By March 2013, three manufactures in mainland China, 
including Vgioo Biological Co., Ltd (Vgioo), Sinovac 
Bitech Co., Ltd (Sinovac) and Chinese Academy of Medical 
Sciences (CAMS) have completed pivotal efficacy trials 
of inactivated EV-A71 vaccines in more than 30,000 
infants and children (7-9). The results showed that EV-
A71 vaccines had good safety and efficacy profile in infants 
and children, which can provide over 90% protective 
efficacy against EV-A71 associated HFMD and vaccine 
efficacy of 100% for EV-A71 associated hospitalization and 
severe cases. Since December 2015, inactivated EV-A71 
vaccines have already be licensed by China Food and Drug 
Administration (CFDA) (10), and introduced for the routine 
childhood immunization with self-paying in mainland 
China. 

Nonetheless, it is not well known that the effectiveness 
of EV-A71 vaccines under ‘real world’ conditions, in which 
the population vaccinated, immunization implementation 
and epidemic pattern of HFMD are different from 
that in clinical trial settings. It is important to evaluate 
effectiveness of licensed vaccines for the policy decisions 
on vaccine introduction and the optimization of the vaccine 
program implementation (11). The case-control method 
is commonly used to estimate effectiveness after a vaccine 
has been implemented in a public health system, include 
Haemophilus Influenzae type B (Hib) (12-14), Streptococcus 
pneumoniae (15-18), influenza (19-23), rotavirus (24-29) 
and cholera (30-33). The results of case-control vaccine 
effectiveness studies can complement and extend the data 
generated by clinical trials. 

Here, we reported the protocol of the phase IV clinical 
trial for the inactivated EV-A71 vaccine. In this trial, we will 
employ a case-control study with two groups of controls—
test-negative control and community control—to assess 
the effectiveness of EV-A71 vaccination in children aged 
6–35 months of mainland China. Our primary objective 
is to assess the effectiveness of EV-A71 vaccine against 
EV-A71-associated HFMD. Secondary objectives are to 
assess: (I) the vaccine effectiveness for EV-A71-associated 
hospitalization and severe cases; (II) the pathogen spectrum 
of HFMD under different vaccine coverage of inactivated 
EV-A71 vaccine.

Methods

Study design

This study is a multicentre, phase IV, case-control study of 
the inactivated EV-A71 vaccine at ten sites in China (Jiawang 
district, Wujing district, Pei county, Xiangshui country, 
Binhai country, Haimen city, Qidong city and Gangyu 
district in Jiangsu province, as well as Qianjiang city and 
Gucheng county in Hubei province), in September 2019. 

Before the case-control study is implemented, we 
need to increase the vaccine coverage rate to 20–40% by 
vaccination program. After reaching the predetermined 
vaccine coverage, we will establish the hospital-based active 
surveillance of HFMDs at study sites, and employ a case-
control study to determine the vaccine effectiveness against 
EV-A71-associated HFMD by assessing vaccine status of 
patients with HFMD cases who tested positive for EV-
A71 with those who tested negative and with community 
controls.

The protocol of this study has been approved by the 
Ethics Committees of Jiangsu and Hubei Provincial Center 
of Disease Control and Prevention. Written informed 
consent will be obtained from parents/guardians before 
children participate the study. The trial was registered with 
a ClinicalTrials.gov Number: NCT03582761.

Vaccination program

In general, a case-control study has the most power when 
the vaccine coverage is between 20% and 80% (11,34), so 
we will implement vaccination program to achieve a vaccine 
coverage of 20–40% through public health education 
of EV-A71 vaccine. In the vaccination program, healthy 
children aged 6–35 months will be recruited following the 
voluntary and self-paying of the parents and the description 
of inactivated EV-A71 vaccine (Table 1). Written informed 
consent will be obtained from parents before being 
vaccinated.

Inactivated alum-adjuvanted EV-A71 vaccine (Vero cell) 
was manufactured by Wuhan Institute of Biological Products 
Co., Ltd (Drug registration approval number: 2016S00596). 
Vaccine is administered intramuscularly to the anterolateral 
side of the thigh (for children aged 6–11 months) or the 
deltoid muscle (those aged 12–35 months) at day 0 and 28. 
Vaccination will be recorded in electronic immunization 
records (EIRs) and the immunization cards to calculate the 
vaccine coverage of inactivated EV-A71 vaccine.
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Surveillance of HFMD

Since 2008, hand foot and mouth disease was made 
statutorily notifiable in mainland China. All probable 
HFMD cases need to be referred to sentinel hospitals of 
each counties or districts, which report clinically defined 
HFMD cases to the electronic National Notifiable 
Infectious Disease Reporting Information System 
(NNIDRIS). 

On the basis of NNIDRIS, we will establish the hospital-
based active surveillance of HFMD at study sites and 
recruit patients aged 6–47 months who present to the 
hospital with HFMD defined by the clinicians. A clinically 
defined case of HFMD is defined as a patient with papular 
or vesicular rash on the hands, feet, mouth or buttocks, 
with or with fever. Patients with HFMD are classified as 
severe if they had any neurological complications (aseptic 
meningitis, encephalitis, encephalomyelitis, acute flaccid 
paralysis, or autonomic nervous system dysregulation), 
or cardiopulmonary complications (pulmonary oedema, 
pulmonary haemorrhage, or cardiorespiratory failure), or 
both. Otherwise, patients are categorised as mild cases (35).

After determining eligibility and obtaining informed 
parental consent, throat swabs and anal swabs/stool 
specimens will be collected from all eligible patients for 
testing of human enteroviruses tests by real-time revers-
transcriptase polymerase chain reaction (RT-PCR). 

Definition and recruitment of case and control 

Cases are defined as eligible patients who tested positive for 
enterovirus 71. For each case, we will select two groups of 
control children, including hospital test-negative control 
and community control. In the test-negative design, 
clinically defined HFMD cases with universal enterovirus 
positive and EV-A71 negative will be eligible for enrolment 
as unmatched test-negative controls (Figure 1). 

In the community case-control design, we will collect 
the information of children aged 6–37 months in the 
study sites to select eligible controls, including residence, 
sex and date of birth from the immunization information 
system. For each laboratory confirmed case of EV-A71 
associated HFMD, we will select 4 community controls 
without clinically defined HFMD and suspected symptoms 
of HFMD through a random method, who are matched to 
cases by residence, sex and date of birth (Figure 1). Detailed 
inclusion and exclusion criteria for cases and controls are 
shown in Table 2. 

Laboratory methods

At enrollment, study staff will obtain combined throat 
swabs and anal swabs/stool specimens from eligible HFMD 
cases. Specimens will be stored at 4 ℃ prior to transfer 
to the laboratory of county/district Centers for Disease 

Table 1 Inclusion and exclusion criteria for the EV-A71 vaccination

Inclusion criteria

1. Healthy subjects aged from 6 to 35 months old

2. General good health as established by medical history and physical examination

3. Subjects’ guardians who allow to comply with the requirements of the protocol

4. Subjects’ guardians are able to understand and sign the informed consent

Exclusion criteria

1. Subject who has a medical history of hand, foot and mouth disease or had received the EV-A71 vaccine

2. Subject who is known to be allergic to ingredient of the EV-A71 vaccine (Vero Cell)

3. Patients with fever, acute disease or acute onset of chronic disease

4. Patients with serious chronic illness or allergic physique

5. Patients with thrombocytopenia or hemorrhagic disease

6. Patients undergoing immunosuppressive therapy or immunodeficiency

7. Patients with uncontrolled epilepsy and other progressive neurological diseases, such as Guillain-Barre syndrome
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Control and Prevention (CDC) daily, where specimens are 
maintained at −70 ℃ and taken for enteroviruses detection 
within 24 h.

Specimens will be tested for human enteroviruses by 
using the real-time RT-PCR with viral RNA diagnostic 
kits according to the manufacturer’s instructions. The real-
time RT-PCR is performed to detect the presence of the 
universal sequence of enterovirus and the specific sequences 
of EV-A71, CA-16, CA-10 and CA-6. Participants who 
tested positive for universal enteroviruses and EV-A71 are 
defined as cases, and participants who tested positive for 
universal enteroviruses and negative for EV-A71 are defined 
as test-negative controls.

Additionally, a subset of 10% of EV-A71 positive 
specimens will be sent to the laboratory of provincial 
CDC for genetic identity by sequencing VP1 gene. 
Reference sequence will be downloaded from GenBank (US 
National Center for Biotechnology Information, NCBI) 

and subjected to phylogenetic analysis together with our 
isolated. We will use MEGA 5.0 software to align the entire 
VP1 nucleotide sequences of the EV-A71 and conduct 
phylogenetic trees.

Data collection

Before the case-control study is implemented, it is needed 
to report monthly vaccination coverage of each township 
until to reach the predetermined level of 20–40%. Parents 
of eligible patients will be interviewed face-to-face by 
study staff during the medicine visit, and similarly, that of 
community controls will be interviewed at their homes. 
After determining eligibility and provision of informed 
parental consent, we will obtain information on socio-
demographics, prematurity and parturition at birth, 
birth weight, history of breast feeding, medical history, 
history of HFMDs and vaccination history, which will be 

HFMD patients presenting to 

hospitals at study sites

Subjects eligible to participate in the 

study

Samples collected from each eligible 

patient, including throat swabs and 

anal swabs/stool specimens

Laboratory test for enterovirus by 

real-time PCR

Test-negative controls:

Patients with positive test for 

universal enterovirus and negative 

test for enterovirus 71.

VE is calculated as (one minus the odds 

ratio of vaccination) by comparing cases 

with test-negative controls 

VE is calculated as (one minus the odds 

ratio of vaccination) by comparing cases 

with community controls.

Patients with negative test for 

universal enterovirus will not 

be included in the study.

Excluded if 

1. <6 months of age or >47 months of age

2. Non-clinically defined HFMD 

3. No parental/guardian consent

Cases: 

Patients with positive 

for enterovirus 71

Community controls: 

Subjects without clinically defined 

HFMD and suspected symptoms of 

HFMD.

Matched by residence, 

sex and date of birth in 

a ratio of 1:4

Figure 1 Profile for active surveillance and recruitment of case and control. HFMD, hand foot and mouth disease; PCR, revers-transcriptase 
polymerase chain reaction; VE, vaccine effectiveness.
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recorded in the standardized questionnaire. For medically-
attended HFMD diagnosed by the clinicians, we also gather 
information clinical characteristics, treatment and course 
of illness from the parents and hospital information system 
(HIS). To avoid the difference of recall bias between cases 
and controls, the community controls will be included 
within 72 h of identifying the corresponding case.

Vaccination history will be defined from combination 
of electronic immunization records (EIRs) and parent-
reported vaccination card, including EV-A71 vaccine and 
other routine vaccines given at the same ages. A photocopy 
of the vaccination record will be obtained for cases and 
controls. Study staff review the EIRs for all participants and 
the immunization card from the parent to determine receipt 
of EV-A71 vaccination and extract data from EIRs and 
immunization cards including vaccine manufacture and data 
of vaccination. Subjects will be considered vaccinated with 
the respective number dose (1 or 2) if the most recent dose 

of EV-A71 vaccine is administered 28 or more days before 
illness onset or at enrollment for controls. 

Sample size

We calculated the required sample size with PASS (version 
15.0) with the assumption of 80% vaccine effectiveness, 
vaccine coverage of 20%, and intracluster correlation 
coefficient within the matched groupings of 0.2 (36). In 
the test-negative design, EV-A71-associated HFMD is 
estimated to account for one third of all clinically defined 
HFMD cases and a sample size of 105 cases would provide 
a 90% statistical power to show vaccine effectiveness with 
assumption of exclusion rate of 20% and nonresponse rate 
of 15% for eligible patients. In the community case control 
design (1:4 case-to-control ratio), approximately 88 cases 
would be sufficient for assessing the vaccine effectiveness.

According to the results of efficacy trial for the 

Table 2 Inclusion and exclusion criteria for cases and controls

Groups Inclusion criteria Exclusion criteria

Cases 1. Aged from 6 to 47 months 1. Absence of verifiable EV-A71 vaccination history

2. Clinically defined HFMD 2. A history of HFMD caused by EV-A71 or unknown HFMD 
related pathogen

3. The participants’ parents agree and sign the informed 
consent

3. Receiving the first dose of EV-A71 vaccine less than 28 days 
before illness onset

4. Detected specimens are EV-A71 positive by real-time 
RT-PCR

4. The place of residence is not included in the study areas

Test-negative 
controls

1. Aged from 6 to 47 months 1. Absence of verifiable EV-A71 vaccination history

2. Clinically defined HFMD 2. A history of HFMD caused by EV-A71 or unknown HFMD 
related pathogen

3. The participants’ parents agree and sign the informed 
consent

3. Receiving the first dose of EV-A71 vaccine less than 28 days 
before enrollment

4. Detected specimens are positive for universal  
enterovirus and EV-A71 negative by real-time RT-PCR

4. The place of residence is not included in the study areas

Community 
controls

1. Aged from 6 to 47 months 1. Absence of verifiable EV-A71 vaccination history

2. No Clinically defined HFMD, and no fever, suspected 
symptoms of HFMD

2. A history of HFMD caused by EV-A71 or unknown HFMD 
related pathogen

3. Near the residence of the case (the same village or 
adjacent village)

3. Receiving the first dose of EV-A71 vaccine less than 28 days 
before enrollment

4. The same gender as the matched case 4. The place of residence is not included in the study areas

5. The age is similar to that of matched case (30 days 
older or younger for infants <12 months, and 3 months 
older or younger for children ≥12 months)
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inactivated EV-A71 vaccine, EV-A71-associated HFMD 
incidence density is estimated 2 cases per 1,000 person-
years under 20–40% vaccine coverage (7). Administration 
of 40,000 children will achieve vaccine coverage between 
20% and 40% in 100,000–200,000 target population, and 
it is estimated that approximately 200 EV-A71-associated 
HFMD cases during the study period, which would allow us 
to meet our desired sample size.

Statistical analysis

We first conduct bivariate analyses to examine for 
differences in demographic, clinical characteristics and 
vaccination history between cases and respective controls. 
Differences are examined using t test or Wilcoxon rank-
sum test for continuous covariates and χ2 test for categorical 
covariates. Logistic regression is performed to calculate 
the odds ratio (OR) of vaccination in cases vs. each of the 
control groups, and vaccine effectiveness is calculated as 
(1 − odds ratio) ×100. The 95% confidence intervals for 
vaccine effectiveness is calculated as (1 − CIOR) ×100, where 
CIOR is the confidence interval of the odds ratio estimates. 
Crude and adjusted odds ratios will be calculated and 
adjusted models include variables for sex, age, prematurity 
and parturition at birth, birth weight, history of breast 
feeding, number of days between illness onset and specimen 
collection, calendar month. 

Additionally, we estimate the vaccine effectiveness for 
severe HFMD caused by EV-A71 and EV-A71 associated 
hospitalization. Stratified effectiveness estimates are 
calculated by age category (age of 6–23 and 24–47months) 
and by dose (1 and 2 doses). For all estimates, P values of 
<0.05 are considered statistically significant. Statistically 
analyses are conducted using SAS statistical software 
(version 9.3). 

Discussion

This is the first evaluation of the performance of EV-
A71 vaccines in the context of real-world immunization 
programs using case-control methodology with community 
controls and test-negative controls, which will play an 
important role in guiding policy decisions and sustained use. 
Despite being widely used to evaluate vaccine effectiveness, 
the case-control methodology is susceptible to bias and 
confounding. Therefore, case-control vaccine effectiveness 
studies require rigorous planning and implementation to 
provide valid and reliable results. 

Choosing the appropriate controls is one of the most 
important factors in minimizing bias in a case-control 
study design. Community controls are generally preferred 
because they are likely to be most representative of the 
source population giving rise to the cases (34), however, 
potential confounding by health care-seeking behaviors 
needs to be considered in case-control studies based on 
hospital surveillance. In general, the probability of visiting 
a hospital is greater in vaccinated than in unvaccinated 
individuals. Thus, the likelihood of there being more 
vaccinated individuals among cases recruited from hospitals 
tends to be greater than from the general population, which 
results in a biased underestimate of vaccine effectiveness. 

In the last decade, the test-negative design has on 
occasion been adopted to evaluate vaccine effectiveness (11).  
This method assumes the vaccine being evaluated has no 
effect on the incidence of test-negative cases who will serve 
as controls. For EV-A71 vaccine, this assumption may be 
valid, since it showed no cross protection against HFMD 
caused by other enterovirus (7,8), moreover, the low vaccine 
coverage is not sufficient to produce selection pressure 
against other enterovirus. A major advantage of this design 
is to avoid bias due to differential healthcare-seeking 
behaviors between cases and controls (37,38). In this study, 
cases and test-negative controls can be selected from 
patients who visit the same hospital due to HFMD. Hence, 
cases and test-negative controls have similar healthcare-
seeking behavior for HFMD cases. Furthermore, the test-
negative design has a great potential to save time and 
resource relative to community controls. Also, it reduces 
differential recall bias of the exposure and vaccination 
history because case-control status is not known at the 
time of recruitment (11). However, test-negative controls 
would not avoid selection bias for receiving vaccination 
due to differences in healthcare-seeking behaviors or 
associated factors, then the results of a test-negative 
study may not be generalizable to the general population 
(39). To avoid bias from selection of controls, we use two 
groups of controls including community controls and 
test-negative controls. Additionally, we define controls as 
HFMD patients with positive for universal enterovirus and 
EV-A71 negative to avoid the misclassification of cases as 
control among HFMD patients with negative enterovirus 
due to the poor quality of samples and others. Vaccination 
status is the primary exposure of interest for case-control 
vaccine effectiveness studies, but accurate and complete 
ascertainment of vaccination is challenging. In this study, we 
will determine EV-A71 vaccination history by combining 
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with electronic immunization records (EIRs) and parent-
reported vaccination card, to minimize potential bias due to 
misclassification of vaccination.

Our study has some limitations. First, cases are 
derived from hospital-based HFMD surveillance and not 
from population-based surveillance, which may not be 
representative of all HFMD cases in the target population 
due to medical care-seeking behaviors. In addition, hospital-
based surveillance does not allow calculation of incidence 
rates of EV-A71 associated HFMD. Second, only children 
who are admitted with HFMD will be included in the 
surveillance, and we cannot assess the performance of EV-
A71 vaccine against other diseases induced by EV-A71 in 
the context of real world. Third, Jiangsu and Hubei are the 
central and southern provinces of China. Our results might 
not be representative of western and northern provinces 
of China with different economy and epidemic pattern. 
Finally, our case-control design determines only the direct 
protection provided by EV-A71 vaccine. The total benefit 
of vaccination is probably greater than that provided by 
direct protection as population vaccine coverage increases. 
Nevertheless, we will perform an exploratory analysis to 
evaluate the correlation between EV-A71 vaccine coverage 
and protective effectiveness and demonstrate the indirect 
effectiveness of EV-A71 vaccine.

In summary, through our attempt to address potential 
bias and confoundings, including identification of cases, 
selection of two groups of controls, the determination of 
vaccination status with combination of EIRs and vaccination 
card, uniform standard for recruitment and data collection, 
adjusted analysis for potential confounding factors, the 
findings of this study will provide valid and reliable 
knowledge on the performance of EV-A71 vaccines in the 
real-world context.
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