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ABSTRACT

Background: Since 2016, China has approved the use of inactivated enterovirus 71 (EV71) vaccines
produced by three manufacturers. The coverage and safety of different EV71 vaccines need to be
evaluated.

Research design and methods: The EV71 vaccination and AEFI data were collected from the
Guangzhou Children’s Vaccination Information Report Management System and the China AEFI
Monitoring Information Management System, and the EV71 vaccine coverage rate and the AEFI
incidence rate were analyzed.

Results: From 2016 to 2019, the number of people who should have been vaccinated in Guangzhou
was 2,781,618, and the coverage rates for doses 1 and 2 were 24.71% and 19.44%, respectively. The
inoculation rates of vaccines from manufacturers A and B were between 3.03 and 10.46%. The reported
incidence of AEFIs was 11.97 per 100,000 (147 cases), with fever (106 cases, 8.63 per 100,000) and
allergic rash (59 cases, 4.80 per 100,000) being the most common reactions. There were no differences
in the AEFI responses to the EV71 vaccines from the three manufacturers.

Conclusion: The EV71 vaccines from the three manufacturers have good safety, but the EV71 vaccine
coverage rate is low. It is recommended that vaccine publicity be strengthened and that the vaccine
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coverage rate in children be increased.

1. Introduction

Enterovirus 71 (EV71) is the main pathogen of hand, foot,
and mouth disease (HFMD), which mainly infects infants and
young children under 5 years old [1]. HFMD was included in
the China Disease Prevention and Control Information
System in May 2008. The top 5 diseases reported in 2019
for category C infectious diseases were influenza, hand, foot
and mouth disease, other infectious diarrhea, mumps and
acute hemorrhagic conjunctivitis, and these accounted for
99.5% of the total number of category C infectious diseases
reported. The diseases in category C with deaths reported
were influenza, hand, foot and mouth disease, other infec-
tious diarrheal diseases and hydatid disease, accounting for
100% of the total number of deaths reported by these
infections [2]. During 2009-2018, China reported more
than 20 million cases of hand, foot and mouth disease
and 838,000 laboratory confirmed cases. The most severe
(68%) and fatal (91%) cases of hand, foot and mouth dis-
ease are caused by EV71 [3]. A small number of severe
HFMD cases caused by EV71 can be complicated with
severe complications, and a very small number can cause

death, which has become a serious public health problem
[4]. There is no effective treatment for the disease, and
vaccination has become an effective means of preventing
and controlling HFMD. In 2015, China was the first country
to successfully develop an EV71 inactivated whole-virus
vaccine. At present, vaccines developed by the Institute of
Medical Biology of the Chinese Academy of Medical
Sciences (manufacturer A), the Sinovac Biotech Co., Ltd.
(manufacturer B), and the Wuhan Institute of Biological
Products Co., Ltd., of the China Biotechnology Group (man-
ufacturer C) have been approved for marketing [5,6]. All
three vaccines were developed using the C4 subtype as
the seed virus [7]. After August 2016, the three products
were successively used in Guangzhou inoculation units. This
study analyzed the coverage rate of different enterovirus 71
(EV71) vaccines and the incidence of suspected immuniza-
tion (adverse event following immunization, AEFI) in
Guangzhou from 2016 to 2019. The purpose of the study
was to evaluate the production by the three manufacturers
and the coverage rate and safety of the EV71 vaccines to
provide a reference for the formulation and adjustment of
EV71 vaccination strategies.
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Article highlights

e In August 2016, the EV71 vaccine was put on the market in China.

e From 2016 to 2019, the EV71 coverage rate increased annually, but
the coverage rate (19.44%) throughout this period was still low. The
target number of vaccinated 1-year-olds is the largest, but the cover-
age rate is the lowest (16.67%). Men (20.29%) have a higher coverage
rate than women (18.37%).

e The incidence of AEFI is the highest in the 1-year-old group and
within 0~1 d after vaccination; males have a higher incidence than
females, and the incidence in those with 1 dose is higher than in
those with 2 doses.

e AEFIl is mainly characterized by fever (106 cases, 8.63/per 100,000)
and allergic rash (59 cases, 4.80/per 100,000).

e A total of 79.66% of allergic rashes occurred within 1 day after
vaccination, 1 case of angioedema and 1 case of febrile seizures
occurred within 30 minutes after vaccination, < 1 day.

o There was no difference in the AEFI response to the EV71 vaccines
from the three manufacturers.

o The promotion of the EV71 vaccine has an effect on the prevention
and control of the occurrence of severe deaths from hand, foot and
mouth disease. Strengthening the promotion of the vaccine is of
great benefit to increasing the coverage rate of children.

2. Methods
2.1. Research design and participants

The study was a retrospective study and was conducted
from 1 August 2016, to 31 December 2019. The EV71
vaccination data came from the Guangzhou Children’s

Vaccination Information Report Management System and
were selected from 11 districts in Guangzhou, including
Conghua, Panyu, Liwan, Nansha, Yuexiu, Huadu, Baiyun,
Haizhu, Huangpu, Tianhe, and Zengcheng. Vaccination
cases were collected in various districts of Guangzhou;
AEFl data were obtained from China’s AEFI monitoring
information management system. The data on the inci-
dence of hand, foot and mouth disease came from the
annual analysis report of legal infectious diseases in
Guangzhou. To ensure the quality of the data, the data
were exported and examined for duplication, and the
inoculation rate and safety of the EV71 vaccines produced
by the three manufacturers were evaluated. A total of
1,228,125 doses of the vaccines were administered, and
a total of 147 cases of adverse reactions were reported.
The main analytical indicators were the number of vacci-
nations used, the coverage rate, the number of AEFI
reports, and the report rate (per 100,000). The flowchart
of the research is shown in Figure 1.

2.2. Vaccines

2.2.1. Ingredients and procedures

In this study, two licensed vaccines from three manufacturers
were examined. Manufacturer A’s EV71 vaccine is prepared
from a C4 subtype of EV71 KMB17 cell substrate containing
100 U of alum adjuvant EV71 antigen, cultured and

Children vaccinated with EV71 between August
1, 2016 and December 31, 2019
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Figure 1. Flowchart of the samples in this study.




proliferated in a human diploid cell line (human diploid cell,
HD) (KMB17), and then purified inactivated [7]; the vaccination
targets are children aged 6 months to 5 years old. The man-
ufacturer B and manufacturer C EV71 vaccines were prepared
from the C4 subtype EV71 Vero cell substrate. Manufacturer
B and manufacturer C vaccines contain 400 U and 320 U of
alum adjuvant EV71 antigen, respectively [7,8], and the vacci-
nation targets are children from 6 months to 3 years old. The
three vaccines are packaged in syringes (0.5 ml per bottle),
and the two doses are injected intramuscularly one month
apart.

2.2.2. The distribution of vaccines and the vaccination
rates

The EV71 vaccines were purchased by the district CDC
through the Guangdong Drug Trading Center according to
the demand plan of the community health service center
and then transported to the cold storage of the community
health service center by a qualified third-party pharmaceutical
logistics company. The community health service center pub-
lished the information on the EV71 vaccine on the mobile app
of the Guangzhou vaccination service and then issued vacci-
nation notices on the mobile app to the guardians of school-
aged children that should be vaccinated with the EV71 vaccine
according to the background database. The children who were
willing to be vaccinated took the initiative to be vaccinated.
For children who did not respond or were still hesitating, the
vaccination doctor would introduce the relevant information
on the EV71 vaccine when they received other vaccines and
encourage or invite the children to receive immunization for
EV71 after excluding the relevant contraindications.

2.3. AEFI investigation, diagnosis and classification

The safety of EV71 vaccines was monitored in accordance
with the report scope of the ‘National Suspected
Vaccination Abnormal Response Monitoring Program’
(Health Affairs Control Fa [2010] No. 94) [9]. Suspected causes
of abnormal vaccination reactions are divided into the follow-
ing five types: adverse reactions, vaccine quality accidents,
vaccination accidents, coincidences, and psychogenic reac-
tions. Among these, adverse reactions are divided into com-
mon adverse reactions and abnormal reactions. Common
adverse reaction refers to a reaction that causes only transi-
ent physiological dysfunction in the body, mainly fever, red-
ness and swelling and induration at the inoculation site;
abnormal reaction refers to a reaction that causes damage
to the body’s tissues, organs, and functions. Coincidental
reactions were defined as a recipient that was in the incuba-
tion period or prodromal period of a certain disease at the
time of vaccination, and the reaction happened by coinci-
dence after vaccination. The district-level disease prevention
and control agency organized an investigation within
48 hours after receiving a report of a suspected abnormal
vaccination reaction. It is necessary to verify the basic infor-
mation, time and number of occurrences, main clinical man-
ifestations, preliminary clinical diagnosis, vaccination, etc. of
the suspected abnormal vaccination reaction. The preliminary
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completion of the questionnaire for suspected cases of
abnormal vaccination reaction occurred within 3 days after
the determination of vaccine-related AEFI in addition to direct
network reporting through China’s AEFI monitoring informa-
tion management system. In this study, all infants and chil-
dren vaccinated with the EV71 vaccine in 11 districts of
Guangzhou were included as observation objects. The passive
monitoring mode reported by the parents of the children was
adopted; that is, the parents of the children observed
whether AEFI occurred in the children without corresponding
reminders and voluntarily reported such instances to the
vaccination clinic. Then, the community service center sum-
marized these instances in the AEFI database. CDCs at all
levels in Guangzhou managed AEFI case information through
the system.

2.4. Statistical analyses

The AEFI case data were exported to Microsoft Excel files, SPSS
19.0 software was applied for statistical analyses, and the EV71
coverage rate of each district and age group was calculated.
EV71 coverage rate (%) = EV71 vaccination number/target
numberx100. Incidence rate of AEFlI reports (100,000
doses) = number of AEFI reported cases/EV71 vaccination
number X per 100,000. The denominator (target number)
refers to the total population of children aged 6 m-5 years
old in Guangzhou, derived from the annual report of basic
information of Guangzhou'’s immunization plan; the numera-
tor (number of people vaccinated) refers to the number of
children aged 6 m-5 years old in Guangzhou who received the
EV71 vaccine, according to the Guangzhou Vaccination
Information Platform.

3. Results
3.1. EV71 vaccination

3.1.1. Overview of vaccinations

From August 2016 to 31 December 2019, Guangzhou received
a total of 1,228,125 doses of the EV71 vaccine; the annual
numbers of doses from August 2016 to 2019 were 50,338,
168,350, 235,703 and 233,021, respectively. The inoculation
rate was 8.20%~32.94%; the annual numbers of two-dose
vaccinations were 36,613 doses, 126,062 doses, 188,348
doses and 189,691 doses, and the inoculation rate was
between 5.96%~26.32% (Table 1).

From August 2016 to 31 December 2019, the inoculation
rates of doses 1 and 2 were 24.71% and 19.44%, respectively,
among which the inoculation rates of doses 1 and 2 of the
manufacturer A vaccine were 10.45% and 8.21%, respectively;
the inoculation rate of dose 1 of the manufacturer B vaccine
was 10.46 and that of dose 2 was 8.19%; The EV71 vaccine of
manufacturer C was introduced in 2018, and the coverage rate
of manufacturer C in 2018-2019 were 3.80% and 3.03%,
respectively (Table 1).

3.1.2. Sex and age distribution
The coverage rates for males and females receiving EV71
vaccines were 23.08% and 26.76%, respectively, for one dose,
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20.29% and 18.37%, respectively, for the full course of two
doses and 24.71% and 19.44%, respectively, in children under
5 years of age. At the age of 5 years, the coverage rate of 1
dose was between 21.19% and 20.30%, and the coverage rate
of 2 doses was between 16.67% and 23.84%. Manufacturer A’s
0 ~ 5 years old vaccine coverage rate for dose 1 was between
8.97% and 12.82% and for dose 2 was 7.05%~10.06%; for the
same age range, the coverage rate for the manufacturer
B vaccine was between 8.97% and 12.72% for dose 1 and
between 7.02% and 9.99% for dose 2; for manufacturer C's
vaccine, the coverage rate was between 3.25% and 4.76% for
dose 1 and between 2.60% and 3.79% for dose 2 (Table 2).

3.1.3. Regional distribution

The inoculation rate of the EV71 vaccine for children in various
districts of Guangzhou was between 11.59% (Nansha) and
28.75% (Tianhe), and the coverage rate of 2 doses was
between 8.57% (Nansha) and 26.01% (Baiyun). Among them,
the inoculation rate of the doses in each district of manufac-
turer A’s vaccine was between 3.30% (Conghua)and 16.09%
(Huadu) for dose 1 and between 2.60% (Conghua) and 12.28%
(Tianhe) for dose 2; for the vaccine from manufacturer B the
inoculation rate was between 5.21% (Yuexiu)and 15.68%
(Liwan) for dose 1 and between 3.26% (Nansha) and 13.16%
(Liwan) for dose 2; the inoculation rate of the vaccine from
manufacturer C was between 0.70% (Panyu) and 8.95%
(Huadu) for dose 1 and between 0.50% (Panyu) and 6.69%
(Huadu) for dose 2 (Table 3).

3.2. AEFI report

3.2.1. AEFI classification

A total of 147 cases of AEFI were reported after EV71 vaccina-
tion in Guangzhou from August 2016 to 31 December 2019,
with a reported incidence of 11.97 per 100,000 vaccinations;
62 cases of common adverse reactions (5.05 per 100,000), 54
cases of abnormal reactions (4.40 per 100,000), 31 cases of
coincidental events (2.52 per 100,000), and no vaccine quality
accidents, vaccination accidents or psychogenic reactions
were reported (Table 4).

From August 2016 to 31 December 2019, Guangzhou
received a total of 519,227 doses of manufacturer A's EV71
vaccine, and 62 cases of AEFls were reported (11.94/per
100,000), including 24 cases (38.71%) of common adverse reac-
tions, 24 cases of abnormal reactions (38.71%) and 14 cases of
coincidental events (22.58%); 518,859 doses of manufacturer B's
vaccine were received and 64 cases of AEFls were reported
(12.33/per 100,000), of which 28 cases (43.75%) were common
adverse reactions (43.75%), 20 cases (31.25%) were abnormal
reactions, and 16 cases (25%) were of concomitant disease; from
2018 to 31 December 2019, manufacturer of C provided 19,039
doses to Guangzhou and 21 cases of AEFIs were reported (11.05/
per 100,000), of which 10 cases (47.62%) were common adverse
reactions (47.62%), 10 cases were abnormal reactions (47.62%)
and 1 case (4.76%) occurred with incidental disease (Table 4).
The EV71 vaccines from the three manufacturers did not report
severe AEFIs, and there were no differences in the AEFI
responses of the three manufacturers (X* = 0.2170, P > 0.05);
there were no differences in AEFI responses between
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manufacturer A (diploid cells) and manufacturers B and
C (Vero cells) (X? = 0.0278, P > 0.05) (Table 4).

3.2.2. Sex, age, time of occurrence, and doses distributed
Among all AEFIs, the ratio of males to females was 1.72:1; for the
93 males that had AEFIs (13.85/per 100,000), the incidences of
AEFIs from the vaccines of manufacturers A ~ C were between
10.25 and 14.98/per 100,000; for the 54 females (9.70/per
100,000) that experienced AEFIs, the incidences of AEFIs from
the vaccines of manufacturers A ~ C were between 9.06 and
12.10/per 100,000. The maximum number of AEFIs at 1 year of
age was 90 (39.43/per 100,000), and the incidences of AEFIs
from the vaccines of manufacturers A-C were between
34.08 ~ 53.86/per 100,000; only manufacturer A’s vaccine pro-
duced AEFIs in the 4- and 5-year-old groups. A total of 82.31%
(121,9.85/per 100,000) of the AEFIs occurred in 0 ~ 1 day after
vaccination, vaccines from manufacturers A ~ C produced AEFI
incidences between 7.89 and 10.21/per 100,000; 14.29%
(21,1.71/per 100,000) of the AEFIs occurred in 2 ~ 3 days after
vaccination, between vaccines from manufacturers A and C AEFI
incidences were from 1.16 to 2.12 per 100,000. The incidence
rate of AEFIs resulting from one dose of the vaccine was 14.11/
per 100,000, between the vaccines from manufacturers A ~ C
AEFI incidence rates were between 12.30 and 15.13/per 100,000;
the incidence rate of AEFIs resulting from two doses of the
vaccine was 9.25/per 100,000, between the vaccines from man-
ufacturers A ~ C AEFI incidence rates were between 7.88 and
10.53/10 per 10,000 doses (Table 5).

3.2.3. Clinical damage

Fever was the most common adverse reaction, among which
88 cases (7.17/per 100,000) had a high fever of > 38.5°C,
followed by 16 cases (1.30/per 100,000) with a fever of 37.6—
38.5°C and 2 cases (0.16/per 100,000) with a fever of 37.1--
37.5°C. There was only one case of swelling (0.08/per 100,000),
and there were no induration reactions. Among the abnormal
reactions (5.86/per 100,000), the reported incidences of ana-
phylactic rash, angioedema, febrile convulsion and other aller-
gic convulsions were 4.80, 0.08, 0.41 and 0.57, respectively
(Table 6). A total of 79.66% of anaphylactic rashes occurred
within 1 day after vaccination, 1 case of angioedema and 1
case of febrile convulsion occurred within 30 minutes after
vaccination, < 1 day.

3.2.4. Outcome

Among all AEFIs, 141 cases were cured or improved (95.92%),
5 cases were treated (3.40%), and the outcome of 1 case
(0.68%) was unknown.

3.3. Hand, foot, and mouth disease case report

A total of 277,305 cases of hand, foot, and mouth disease were
reported in Guangzhou from 2016 to 2019, with an incidence
rate of 486.95 cases/100,000 inhabitants. The incidence of
hand, foot and mouth disease in 2018 was the lowest in recent
years, with an incidence rate of 337.49/100,000; the incidence
increased in 2019 (615.56/100,000), but among the laboratory-
diagnosed cases, EV71 infections have been declining
annually. Viral infection was the main type of infection (889
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Table 4. Incidence rates (100,000 doses) of AEFI cases for EV71 vaccine by manufacturer and classification in Guangzhou from August 2016 to 2019.

Manufacturer A Manufacturer B

Manufacturer C Manufacturer B + C Total

Incidence rates Incidence rates

Incidence rates Incidence rates Incidence rates

Classification n (%) n (%) (%) n (%) n (%)

Common adverse 24 4.62 28 5.40 10 5.26 38 5.36 62 5.05
reaction

Abnormal reaction 24 462 20 3.85 10 5.26 30 423 54 4.40

Coincidental event 14 2.70 16 3.08 1 0.53 17 2.40 31 2.52

Total 62 11.94 64 12.33 21 11.05 85 11.99 147 11.97

Table 5. Incidence rates (100,000 doses) of AEFI cases for EV71 vaccine by manufacturer and sex, age. time of occurrence and dose distribution in Guangzhou

from August 2016 to 2019.

Manufacturer A Manufacturer B Manufacturer C Total
n Incidence rates ( % ) n Incidence rates ( % ) n Incidence rates ( % ) n Incidence rates ( % )

Sex

Male 39(62.90) 13.38 43(67.19) 14.98 11(52.38) 10.25 93(63.27) 13.85

Female 23(37.10) 10.09 21(32.81) 9.06 10(47.62) 12.10 54(36.73) 9.70
Age

0~ 3(5.00) 4.01 2(3.03)) 2.68 1(4.76) 3.65 6(4.08) 3.39

1~ 33(55.00) 34.18 38(57.58) 39.41 19(90.48) 53.86 90(61.22) 3943

2~ 12(20.00) 11.69 19(28.79) 18.63 0(0.00) 0.00 31(21.09) 12.77

3~ 6(10.00) 6.26 7(10.61) 7.15 1(4.76) 294 14(9.52) 6.14

4~ 3(5.00) 3.73 0(0.00) 0.00 0(0.00) 0.00 3(2.04) 1.58

5~ 3(5.00) 435 0(0.00) 0.00 0(0.00) 0.00 3(2.04) 1.84
Time of occurrence

0~1d 53(85.48) 10.21 53(82.81) 10.21 15(71.43) 7.89 121(82.31) 9.85

2 ~3d 6(9.68) 1.16 11(17.19) 212 4(19.05) 2.10 21(14.29) 1.71

4~7d  2(3.23) 0.39 0(0.00) 0.00 2(9.52) 1.05 4(2.72) 0.33

>7d 1(1.61) 0.19 0(0.00) 0.00 0(0.00) 0.00 1(0.68) 0.08

Dose

Dose 1 44(70.97) 15.13 40(62.50) 13.75 13(61.90) 12.30 97(65.99) 14.11

Dose 2 18(29.03) 7.88 24(37.50) 10.53 8(38.10) 9.48 50(34.01) 9.25

Table 6. Incidence rates (100,000 doses) of AEFI cases for EV71 vaccine by manufacturer and clinical damag in Guangzhou from August 2016 to 2019.

Manufacturer A

Manufacturer B

Manufacturer C

Manufacturer B + C

Total

Incidence rates

Incidence rates

Incidence rates

Incidence rates

Incidence rates

Classification n (%) n (%) n (%) n (%) n (%)
Common adverse
reaction
Fever 37.1°C-37.5° 1 0.19 0 0.00 2 1.05 2 0.28 3 0.24
C
37.6°C-38.5° 10 1.93 5 0.96 2 1.05 7 0.99 17 1.38
C
>38.5°C 41 7.90 39 7.52 8 421 47 6.63 88 7.7
Swelling <25 m 0 0.00 1 0.19 0 0.00 1 0.14 1 0.08
25 ~50cm 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
>5.0 cm 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Abnormal reaction
Anaphylactic rash 22 4.24 22 4.24 10 5.26 32 4.51 54 4.40
Angioedema 0 0.00 1 0.19 0 0.00 1 0.14 1 0.08
Febrile convulsion 5 0.96 2 0.39 0 0.00 2 0.14 7 0.57
Other allergic 5 0.96 2 0.39 0 0.00 2 0.28 7 0.57

convulsion

cases, accounting for 51.96%), followed by CoxA16 infection
(524 cases, accounting for 30.63%) and EV71 infection (298
cases, accounting for 17.41%) (Table 7).

4. Discussion

There are many pathogens that cause hand, foot and mouth
disease, and the routes of transmission are complicated.
A total of 277,305 cases were reported in Guangzhou from

2016 to 2019, with an incidence rate of 486.95 cases/100,000
inhabitants. The number of EV71 infection cases has been
declining annually, and the proportions of annual EV71 infec-
tions in laboratory diagnosed cases from 2017 to 2019 were
29.45%, 20.18%, and 17.42%. These results show that the EV71
vaccine launched in August 2016 has an effect on the preven-
tion and control of severe deaths from hand, foot, and mouth
disease. There is currently no specific antiviral drug for hand,
foot and mouth disease, and vaccination is considered to be



Table 7. Ncidence statistics of hand foot mouth disease case report in Guangzhou from 2016 to 2019.
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Laboratory diagnosed cases

Year Total number of people Number of cases Incidence ( /100,000 ) EV71 CoxA16 Other enterovirus infections Total
2016 13,501,170 60,600 448.85 369 451 1038 1858
2017 14,043,481 76,030 541.39 607 155 1299 2061
2018 14,498,207 48,930 337.49 225 363 527 1115
2019 14,904,315 91,745 615.56 298 524 889 1711
Total 56,947,172 277,305 486.95 1499 1493 3753 6745
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Figure 2. Comparison of 11 districts vaccinated with 1 dose and 2 doses of EV71 vaccine in Guangzhou from August 2016 to December 2019.
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Figure 3. Comparison of 11 districts vaccinated with manufacturer A,

the most effective way to prevent and control this disease [10].
From August 2016 to December 2019, a total of 1,228,125
doses of the EV71 vaccine were administered, and the annual
vaccination rate in 11 districts showed an upward trend
(Figures 2,3). The coverage rate for one dose from
August 2016 to 2019 was between 8.20 and 32.94%, and the
coverage rate for the whole course of 2 doses was between
5.96 and 26.32%. The inoculation rate of manufacturer A’s
vaccine was between 3.97% and 13.98%, the inoculation rate
of manufacturer B’s vaccine was between 1.99% and 14.79%,
and the inoculation rate of manufacturer C's vaccine was
between 6.33% and 7.84%. The EV71 vaccine coverage rate
in Guangzhou is still low, which is lower than the rate of
38.30% for 1 dose and 35.05% for 2 doses in Shanghai in
children under 5 years old [11].

As a newly marketed vaccine, the EV71 vaccine is not as
acceptable to children’s parents as the vaccines that have
been used for many years. There are large differences in the
coverage rates among districts in Guangzhou. The top five
coverage rates among 11 districts are Huadu (33.89%),

2018 2019

B and C EV71 vaccine in Guangzhou from August 2016 to December 2019.

Baiyun (32.37%), Tianhe (28.75%), Liwan (28.25%) and Panyu
(24.91%), while the coverage rate is only 16.72% in downtown
Yuexiu. The high coverage rates are concentrated in the
urban-rural areas. The reason for this may be that the parents
in the surrounding areas have low levels of education and
vaccine knowledge, and they are willing to follow the doctor’s
advice for vaccination. The parents in the central area have
high levels of education and knowledge on the safety of new
vaccines. There are concerns about the effectiveness of the
vaccine and the reluctance to vaccinate. The coverage rate of
older children is higher than that of younger children. The
maximum number of people vaccinated in the 1-year-old
group should be 602,808, while the coverage rates of 1 and
2 doses is the lowest (21.19% and 16.67%) in this group; the
5-year-old target population was 301,337, and the highest
coverage rates of 1 and 2 doses were 30.30% and 23.84%,
respectively. According to Tang Zhimin, the results of
a questionnaire survey completed by 328 parents of children
aged 6 to 18 months in Yunnan and Sichuan provinces
showed that the proportion of EV71 vaccine hesitation was
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33.8%, which was higher than the proportion of parents with
general vaccine hesitation [12]. In addition, the population
access to knowledge was a single source, publicity knowledge
was not comprehensive, and the awareness rate of the EV 71
vaccine among Chinese parents was 39.82% [13]. Another
study showed that a population coverage rate reaching 91%
can block the spread of EV71 [14], and the EV71 coverage rate
of 19.44% in Guangzhou is much lower than 91%. It is neces-
sary to strengthen the communication about HFMD and EV71
vaccine knowledge and improve parental awareness to
increase the child’s willingness to be vaccinated.

A total of 147 cases of AEFIs were reported after EV71
vaccination in Guangzhou, with a reported incidence of
11.97/per 100,000, including 62 cases of common adverse
reactions (5.05/per 100,000), 54 cases of abnormal reactions
(4.40/per 100,000), and 31 cases of coincidental events (2.52/
per 100,000). The most common adverse reaction was fever,
most of which were >38.5°C (83.02%). The most common rare
adverse reaction was anaphylactic rash (81.94%). Adverse reac-
tions, such as angioedema and febrile convulsions, are rare,
and very few cases of these reactions were reported. In addi-
tion, 95.92% of AEFIs were improved or cured, which is similar
to studies in Hubei and Shanghai [11,15]. At the same time,
this study shows that the incidence of AEFI reports is the
highest in the 1-year-old group of children after being vacci-
nated with the EV71 vaccine, and as age increases, the inci-
dence of AEFI reports continues to decrease. This may be due
to the more mature immune system of children and better
responses to vaccines as they age. Tolerability increases, and
thus the occurrence of adverse reactions gradually decreases.
The time interval distribution of AEFIs after EV71 vaccination
showed that AEFIs occurred in at most 121 cases (82.31%)
from 0 to 1 day with an incidence rate of 9.85 per 100,000,
and only 1 case (0.68%) occurred after > 7 days. More AEFIls
were reported after one dose after than two doses, and the
incidences were 14.11/per 100,000 and 9.25/per 100,000,
respectively. It is suggested that doctors should inform par-
ents of children to pay special attention to the observation of
children’s performance on the first day of vaccination and
after the first dose of EV71 vaccine.

The total adverse reaction rates for EV71 vaccines from
the three manufacturers are all at a relatively low level. The
incidence rates of vaccines from manufacturers A, B and
C were 11.94/per 100,000, 12.33/per 100,000 and 11.05/per
100,000, respectively, and there was no difference in AEFI
responses between the vaccines from the three manufac-
turers (X° = 0.2170, P > 0.05). There was no difference in
AEFI responses between the vaccines from manufacturer
A (diploid cells) and manufacturers B and C (Vero cells)
(X2 = 0.0278, P > 0.05). The main reaction was a general
reaction, the most common adverse reaction was fever with
an incidence rate of 7.17 per 100,000, and there were no
differences in the AEFI reactions of the vaccines from the
three manufacturers (X°> = 2.7937, P > 0.05X° = 0.6708,
P > 0.05). The abnormal reactions to the vaccines from the
three manufacturers were mainly anaphylactic rashes, with
an incidence of 4.18 per 100,000, which was the same as
those reported in Shanghai, Wenzhou and Chengdu
[11,16,17].

In summary, the safety of the EV71 vaccine in Guangzhou
is acceptable. The main adverse reactions are fever and
anaphylactic rash. The EV71 vaccines of the three manufac-
turers have good safety. However, the EV71 coverage rate in
Guangzhou is low. To establish an effective immune barrier
in the population to control the HFMD epidemic, the EV71
vaccination rate needs to be increased and maintained at
a relatively high level. We should continue to strengthen
the publicity for HFMD and EV71 vaccination to increase
parents’ willingness for children’s vaccination, thereby
increasing the vaccination rate in children. This study has
some shortcomings. Our study is based on the AEFI mon-
itoring information management system that collects data
on the adverse events reported by the children’s parents.
Therefore, it is not clear whether the children’s parents
understand the standards for adverse events, which may
lead to information bias. The possibility of mutation of
epidemic strains of EV71 hasn’t been ruled out, and the
safety and effectiveness of large-scale population vaccina-
tion should be monitored after the vaccine is introduced
into the market. Antigen quantification standards are also
one of the topics that need to be addressed. As price may
affect the use of vaccines in some regions or populations,
when the effectiveness of the EV71 vaccine reaches 70%
and the single-dose vaccine price is less than US 25, USD it
will have better cost-effectiveness in large-scale vaccination
of infants and young children [18]. There are several con-
straints to this goal. If combined with government financial
subsidies, medical insurance, or included in free EPI vac-
cines, vaccination coverage can be guaranteed, which is
one of the issues that government departments need to
consider when formulating immunization policies in the
future. This indicates that the future of vaccine promotion
has good prospects. If the EV71 vaccine is added to the
Expanded Program of Immunizations (EPI), it will be more
effective in the prevention of severe hand, foot and mouth
disease and related diseases. The inclusion of EV71 in the
pentavalent combination vaccine (polio, pertussis, tetanus,
diphtheria, influenza b) in animal experiments does not
affect the mutual antibody responses [19]. There are also
studies that combine rotavirus (RV) and EV71 into
a combined vaccine. Immunization of mice can effectively
stimulate the body to produce a specific humoral immune
response, and there is no mutual influence between RV and
EV71 [20]. In the context of the EPI combination vaccine
becoming a development trend, the incorporation of EV71
into the combination vaccine is one of the directions of
future research. In addition, we found that infections caused
by CoxA16 increased in HFMD surveillance,hand, foot and
mouth disease is caused by a variety of pathogens, and an
ideal vaccine should provide long-term protection against
multiple pathogen infections,obtaining a more broad-
spectrum and efficient vaccine will be the focus of future
research and development.

5. Conclusions

The implementation of the EV71 vaccine has an effect on the
prevention and control of severe deaths from hand, foot, and



mouth disease. The EV71 vaccines from the three manufac-
turers have good safety, but the EV71 vaccine coverage rate is
low. It is recommended that vaccine publicity be strengthened
and that the coverage rate of children be increased.

6. Expert opinion

Enterovirus 71 (EV71) is a hand, foot, mouth disease pathogen
that has become a serious public health problem. There is no
effective treatment for this disease. Vaccination has become
an effective means of preventing and controlling HFMD. Since
2016, China has approved the use of inactivated enterovirus
71 (EV71) vaccines produced by three manufacturers. At pre-
sent, there are few reports on the coverage and safety of EV71
vaccines from different manufacturers. We are formulating the
EV71 vaccination strategy and adjusting to provide a reference
basis for research. The results show that the number of EV71
infections in Guangzhou has been declining annually. From
2017 to 2019, the annual proportions of EV71 infections in
laboratory-diagnosed cases were 29.45%, 20.18% and 17.42%,
indicating that the EV71 vaccine launched in August 2016 was
effective and provides a certain degree of prevention and
control of severe deaths. The annual vaccination doses admi-
nistered in 11 districts of Guangzhou are on the rise. However,
the EV71 coverage rate in Guangzhou is relatively low, with a
1-dose coverage rate of 24.71% and a full 2-dose coverage
rate of 19.44%, which is lower than that in Shanghai in chil-
dren under 5 years old (single dose coverage rate of 38.30%
and a full 2- full coverage rate of 35.05%). To establish an
effective immune barrier in the population to control the
HFMD epidemic, it is necessary to increase and maintain the
EV71 vaccine coverage rate at a relatively high level. The main
reason for the low coverage rate is that parents and doctors
do not understand the safety of the EV71 vaccine. According
to the results of this study, the EV71 vaccines from the three
manufacturers have good safety, and we can help doctors to
further understand the safety of the vaccine. For example, 1
dose had a higher incidence rate of AEFIs than 2 doses. The
main AEFIs are fever and anaphylactic rash. AEFIs mostly
occurred 0~1 day after vaccination, and less severe AEFIs
occurred in >7 days. Doctors should inform parents of children
to pay special attention to the performance of children on the
first day of vaccination and after the first dose of the EV71
vaccine. The results of this study will greatly assist doctors in
promoting EV71 vaccination and increase the willingness of
parents to vaccinate their children.
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