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RESEARCH PAPER

Analysis of adverse events following immunization in Zhejiang, China, 2019: a 
retrospective cross-sectional study based on the passive surveillance system
Xuejiao Pan, Huakun Lv, Fuxing Chen, Ying Wang, Hui Liang, Linzhi Shen, Yaping Chen, and Yu Hu

Zhejiang Center for Disease Control and Prevention, Institute of Immunization and Prevention, Hangzhou, China

ABSTRACT
Objectives: This study summarizes passive surveillance data for adverse events following immunization 
(AEFI) in Zhejiang province.
Methods: The AEFI reports and number of doses on all vaccines used were extracted from the national 
AEFI surveillance system and the immunization information system of Zhejiang province (ZJIIS). Reporting 
rates of AEFI were calculated by age, city, severity of AEFI, categories of AEFI, vaccine types, and reaction 
categories.
Results: A total of 13,079 AEFI records were reported and 23,091,401 vaccine doses were administered, 
with a reporting rate of 56.64/100,000 doses for AEFI. The highest reporting rate of AEFI was observed 
among the infants <1 year of age (108.61/100,000 doses) and the lowest rate was observed among 
recipients aged ≥60 years. Most of the AEFI reports were vaccine product-related reactions (48.81/100,000 
doses), and the lowest was vaccination errors (0.02/100,000 doses). The most frequently reported 
individual vaccine was DTP and Hib combined vaccine, with a reporting rate of 426.62/100,000 doses. 
The most frequently reported AEFI was fever/redness/induration (48.82/100,000 doses).
Conclusion: Our findings illustrated the high level of vaccine safety since the majority of those reported 
were not serious, or coincidentally associated with vaccination. Furthermore, the national AEFI surveil-
lance system should be continuously used as a surveillance tool for monitoring of AEFI.
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Introduction

The World Health Organization (WHO) recommends the 
systematic collection, analysis and evaluation of medical 
adverse events following immunization (AEFI) for expanded 
program on immunization (EPI) for all countries.1,2 The pri-
mary aim of the vaccination safety surveillance is the “early 
detection and analysis of adverse events to allow for appropri-
ate and quick responses to emerging AEFI issues in order to 
decrease the negative impact on the health of individuals and 
the immunization program.”1 Additionally, vaccination safety 
surveillance enables the detection of signals that will generate 
hypothesis, as well as the identification and rectification of gaps 
in this program to strengthen the EPI or routine vaccination.

Continuous assessment of the safety analysis of the post- 
licensure vaccines can provide a tool to evaluate the benefit- 
risk profiles of a specific vaccine which cannot be evaluated in 
pre-licensure clinical trials due to sample size limitations.3–5 It 
also provides a communication channel to disseminate the up- 
to-date information to the public and helps to counteract the 
negative perceptions on vaccines and vaccination. It also 
reduces vaccine hesitancy by improving EPI information trans-
parency. There is a good example from the AEFI surveillance 
system in Australia, which collects, collates and reviews the 
AEFI data submitted to the Therapeutic Goods Administration 
(TGA), the medicine and therapeutic regulatory agency of the 
Australian Government.6 By efficiently running this system, 
Australia updates its vaccination schedules regularly, thereby 

maximizing the benefit–risk balance for the registered vac-
cines. However, the pharmacovigilance infrastructure of vac-
cines is always limited or even missing in most developing 
countries. This subsequently reduces the capacity for contin-
uous review of AEFI subsequently.7–9

China Ministry of Health (MOH) issued guidance for hand-
ling vaccine adverse reactions in 1980, but nationwide AEFI 
surveillance was not implemented until 2005. In March, 2005, 
with the technical support of the World Health Organization 
(WHO) and the experience from other countries, China estab-
lished the passive surveillance system for AEFI, which was 
a passively collected spontaneous database, in 10 of China’s 
31 provinces. In 2009, Zhejiang province joined in the national 
AEFI surveillance system.10 The national AEFI surveillance 
system was upgraded in 2012, with adding variables of the 
case reporting form and improving the logic control of data 
entry and statistical functions.11

The introduction of new vaccines such as human papilloma 
virus vaccine (HPV) or pentavalent rotavirus vaccine (RV5) 
needs strengthening of the AEFI surveillance systems in China. 
In addition, there is limited information on the performance, 
quality, responses to serious AEFI issues and the characteristics 
of the reported AEFIs in China. The aim of this study was to 
provide an initial evaluation of the performance and quality of 
the AEFI surveillance system in Zhejiang province by conduct-
ing a retrospective cross-sectional study and using the passive 
surveillance data in 2019. We provided a detailed analysis of 
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the passively reported AEFIs through the demographic distri-
bution, severity, type and classification of the AEFIs, and the 
reporting trends at monthly scale.

Methods

Study area

Zhejiang is a developed province with a large population of 
70 million people in eastern areas of China. Of the total 
population, 7.23% children were under 7 years of age, 7.43% 
were 7–15 years old and 84.34% were above 15 years of age. 
Zhejiang province launched the EPI since 1978 with four 
vaccines and it continued to increase the number of vaccines 
up to 11 to date and with the administration of 20 million doses 
of vaccines each year.

According to the vaccination schedule of the EPI recom-
mended by the health commission of China, children under 
7 years were stipulated to receive the following vaccines free of 
charge: Calmette-Guérin vaccine (BCG) at birth; diphtheria- 
tetanus combined vaccine (DT) at 6 years of age; diphtheria- 
tetanus-pertussis combined vaccine (DTP) at 3,4,5 and 
18 months of age; bivalent oral polio live-attenuated vaccine 
(bOPV) at 4 months and 4 years of age; inactivated polio 
vaccine (IPV) at 2 and 3 months of age; measles-mumps- 
rubella combined live attenuated vaccine (MMR) at 8 and 
18 months of age; hepatitis B vaccine (HepB) at birth, 1 and 
6 months of age; hepatitis A live attenuated vaccine (HepA-l) at 
18 months of age; meningococcal polysaccharide vaccine type 
a (MPV-a) at 6 and 9 months of age; meningococcal polysac-
charide vaccine types a and c (MPV-ac) at 3 and 6 years of age; 
Japanese encephalitis live-attenuated vaccine (JEV-l) at 8 and 
24 months of age.

The BCG, the 1–3 doses of DTP, the 1–2 doses of IPV, the 
first dose of bOPV, the first dose of MMR, the 1–3 doses of 
HepB, the 1–2 doses of MPV-a and the first dose of JEV-I 
should be administered before 12 months of age. The fourth 
dose of DTP, the second dose of MMR, the first dose of HepA-l 
should be administered before 2 years of age. The DT, second 
dose of bOPV, the second dose of JEV-I, the 1–2 doses of 
MPV-ac should be administered before 7 years of age.

Additionally, the health commission of China also recom-
mends children, adolescents or even adults to get the following 
self-paid vaccines: inactivated hepatitis A vaccine (HepA-i); 
inactivated Japanese encephalitis vaccine (JEV-i); meningococ-
cal polysaccharide vaccine types a, c, y and w135 (MenV- 
acyw135); trivalent influenza vaccine (TIV); quadrivalent influ-
enza vaccine (QIV); varicella-zoster live attenuated vaccine 
(VZV); Haemophilus influenzae type b vaccine (Hib); RV5; 23- 
valent pneumonia polysaccharide vaccine (PPV23); 13-valent 
pneumonia polysaccharide conjugate vaccine (PCV13); rabies 
virus vaccine (RRV); diphtheria-tetanus-pertussis-inactivated 
polio-Haemophilus influenzae type b combined vaccine (DTP- 
IPV-Hib); diphtheria-tetanus-pertussis-Haemophilus influen-
zae type b combined vaccine (DTP-Hib); meningococcal poly-
saccharide conjugate vaccine types a and c (MCV-ac); 
meningococcal types a and c- Haemophilus influenzae type 
b combined vaccine (Hib-MCV-ac); enterovirus vaccine type 
71 (EV71); bivalent human papillomavirus vaccine (HPV2); 

quadrivalent human papillomavirus vaccine (HPV4); 9-valent 
human papillomavirus vaccine (HPV9); oral cholera vac-
cine (OCV).

Reporting and investigation procedures

Based on the guidelines for AEFI surveillance issued by the 
health commission of China, the AEFI is defined as a reaction 
or an event following vaccination that is suspected to be related 
to the vaccination. AEFI surveillance covers all vaccines mar-
keted in mainland China. All AEFI cases should be mandato-
rily reported to the center for disease control and prevention 
(CDC) at county level by health centers, physicians, vaccine 
manufacturers, and members of the public if (i) the AEFI 
occurred with a reasonable temporal association (i.e., within 
3 months after vaccination), (ii) no other plausible cause 
explained the event, and (iii) the AEFI fulfilled one or more 
of the following criteria: it is serious, previously unknown to 
occur after vaccination, or the main cause for a physician visit 
or hospitalization.11

Each reported AEFI should be investigated by the CDC at 
different administrative levels. The variables included in the 
case-reporting form were date of report, age and sex of patient, 
kind and lot and manufacture of suspect vaccine(s), descrip-
tion of the AEFI, time interval after vaccination, duration of the 
event, final outcomes of AEFI, qualifications of vaccination 
clinic or vaccinator, cold chain management, vaccination site, 
route, dose number, dosage and any other additional remarks 
from the reporter. All the data should be entered into the 
online national AEFI surveillance system, which is operated 
in accordance with China’s national AEFI guidelines. These 
guidelines are supported by the Law on the Prevention and 
Treatment of Infectious Diseases of the People’s Republic of 
China,11 the Pharmaceutical Administration Law of the 
People’s Republic of China, and other laws and regulations. 
Expert committees are organized to review the reported AEFIs 
and evaluate the vaccine safety profiles. Expert committees are 
composed of independent experts from clinical medicine, epi-
demiology, laboratory practices, pharmacy, vaccinology, vac-
cine regulation, and other relevant fields. In cases of co- 
administration of two or more vaccines in an individual, we 
attributed the reported AEFI to the reporter suspected vaccine.

Category of AEFI

All AEFI records were divided into five categories according to 
the guidelines issued by the health commission of China:10 (1) 
vaccine product-related reaction (minor reaction and severe 
reaction); (2) vaccination error; (3) vaccine quality defect- 
related reaction; (4) coincidental event; (3) anxiety reaction.

Definition of severity

All AEFI were assessed as non-serious or serious and further 
subdivided into the following categories of severity including 
the definition for “serious” AEFI according to the guidelines 
issued by health commission of China: (1) non-serious, with no 
intervention necessary or with physician visit or event inter-
fering with daily activities or loss of working hours; (2) serious, 
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with any untoward medical occurrence that results in death, 
hospitalization, prolongation of hospitalization, persistent or 
significant disability/incapacity, life-threatening or birth 
defect.12

Data extraction

The adverse events reported in this study covered the period of 
January 1 to December 31, 2019. The AEFI was extracted from 
the national AEFI surveillance system on February 1, 2020, 
when all the revision or modification of each case report had 
been done. The number of various vaccines doses in Zhejiang 
province in 2019 was obtained from the online individual 
immunization information system of Zhejiang province 
(ZJIIS), which was established in 2005. Average annual popu-
lation data to calculate reporting rates were obtained from the 
Zhejiang provincial Bureau of Statistics.

Descriptive analysis

A database was organized as an Excel file (Microsoft Office 
Excel 2020). Reporting rates of AEFI were calculated by use of 
the Excel program. Reporting rates of AEFI (per 100,000 dis-
tributed doses) were calculated by vaccine categories and reac-
tion categories. The injection site reaction could be determined 
by the record of vaccination but the systematic reactions could 
not be determined which vaccine was to be suspected when the 
co-administration occurred. In that case, we attributed the 
reported AEFI to all vaccines co-administered. Patients were 
categorized by the following age groups: 0 to 1 year, 2 to 
4 years, 5 to 7 years, 8 to 14 years, and ≥15 years. The difference 
of AEFI reporting rates between gender, age group, city and 
type of vaccine were assessed by chi-square test, with a P-value 
of 0.05 or less was considered to be significant.

Results

A total of 13,079 AEFI records were reported in the national 
AEFI surveillance system between January 1 to December 31, 
2019 in Zhejiang province and there were 23,091,401 vaccine 
doses administered (7,335,023 persons included) during the 
same time period, with a reporting rate of 56.64/100,000 
doses for AEFI. Of the reported AEFI records, 390 (2.98%) 
were reported by health centers, 12689 (97.02%) were reported 
by county-level CDC, and there were no AEFI records reported 

by municipal-level CDC or vaccine manufacturers. Of these 
reported AEFI records, 127 (0.97%) records were serious and 
the other 12952 (99.03%) were non-serious, with the reporting 
rate of 0.55/100,000 doses for serious AEFI and 56.09/100,000 
doses for non-serious AEFI, respectively.

The reporting rate of AEFI was 56.44/100,000 doses for 
male (6512/11,537,533) and 56.84/100,000 doses for female 
(6567/11,553,868), with no significant difference between gen-
ders (χ2 = 3.26, P> .05). For the total records of AEFI, the 
highest reporting rate was observed in May (77.70/100,000 
doses) and the lowest reporting rate was observed in January 
(34.79/100,000 doses). For the serious AEFI, the highest report-
ing rate was observed in March (0.82/100,000 doses) and the 
lowest reporting rate was observed in February (0.28/100,000 
doses) (Figure 1).

The highest AEFI reporting rate was observed among 
infants <1 year of age (108.61/100,000 doses), and the reporting 
rate of serious AEFI was 1.14/100,000 doses which was also the 
highest among all age group (χ2 = 355.86, P< .001). The sharp 
decrease in the reporting rate was also found in the elder age 
group, and the lowest reporting rate was observed among 
recipients aged ≥60 years (Table 1).

Table 2 represents that most AEFI (3059, 23.39%) had been 
reported by Hangzhou, followed by Wenzhou (1850, 14.14%). 
The difference in AEFI reporting rate between cities was sig-
nificant (χ2 = 51.30, P< .05). For the total AFEI records, 
Hangzhou had the highest reporting rate (66.68/100,000 
doses), while Zhoushan had the lowest reporting rate (35.92/ 
100,000 doses). For the serious AEFI records, Zhoushan had 
the highest reporting rate (1.05/100,000 doses), while Lishui 
had the lowest reporting rate (0.11/100,000 doses).

Of the total AEFI reports, there were 11271 minor vaccine 
product-related reactions (48.81/100,000 doses), 1476 severe 
vaccine product-related reactions (6.39/100,000 doses), 4 vac-
cination errors (0.02/100,000 doses), 297 coincidental events 
(1.29/100,000 doses), 31 anxiety reactions (0.13/100,000 doses) 
(Table 3).

Thirty-one different vaccines were included in the 13079 
AEFI records received during the study period (Table 4). The 
difference in AEFI reporting rate among vaccine types was 
significant (χ2 = 109.25, P< .001). The most frequently reported 
individual vaccine was DTP-Hib, with a reporting rate of 
426.62/100,000 doses for the total AEFI and 2.72/100,000 
doses for the severe AEFI. Furthermore, DTP-Hib was also 
the most frequent vaccine listed as suspected of being involved 

Figure 1. AEFI records in the national AEFI surveillance system database, 2019, by month of onset of AEFI. (a): the total number of AEFI reported in 2019 with its 
reporting rate; (b): the number of serious AEFI reported in 2019 with its reporting rate.
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in a reported AEFI, which only one vaccine was listed as being 
suspected. The lowest frequently reported individual vaccine 
was IPV, with a reporting rate of 13.89/100,000 doses for the 
total AEFI and 0.20/100,000 doses for the severe AEFI. The 
highest reporting rate of vaccine product-related reaction was 
observed in MMR (43.57/100,000 doses) while the lowest 
reporting rate was observed in QIV (1.72/100,000 doses). The 
highest reporting rate of severe vaccine product-related reac-
tion was observed in PPV23 (1.21/100,000 doses).

The distribution and frequency of clinical diagnosis of AEFI 
are shown in Table 5. The most frequently reported AEFI was 
fever/redness/induration (48.82/100,000 doses), followed by 
allergic rash (3.38/100,000), urticarial (1.26/100,000 doses), 
maculopapular rash (0.64/100,000 doses), other allergic reac-
tions (0.19/100,000 doses), angioedema (0.14/100,000 doses), 

febrile convulsions (0.12/100,000 doses) and thrombocytope-
nic purpura (0.12/100,000 doses). The reporting rates of other 
reactions were under 0.1/100,000 doses.

Most reported AEFI (90.52%) occurred in the first day after 
vaccination and 66.93% of the severe AEFI occurred in the 
first day after vaccination, and 87.26% of severe vaccine pro-
duct-related reaction occurred in the first day after vaccination 
either (Table 6).

Discussion

Clinical vaccine trials usually involve a limited number of study 
subjects and may not allow for the detection of the rare adverse 
events. One of the primary goals of AEFI passive surveillance is 
to detect vaccine safety signals and generate hypotheses for 
further studies.13 Thus, post-licensure surveillance of AEFI is 
a necessary integral part of a vaccination program to continu-
ously monitor the safety of vaccines when routinely used. To 
our knowledge, studies on AEFI were still very little from 
China and our reports could add the baseline data in this 
field. Another advantage was that we provided a detailed ana-
lysis of the characteristics of AEFI, as well as gave some clues 
on the reasons for AEFI occurrence and its frequency over 
time, by seriousness of AEFI, age group, city.

We found that there were disparities in the reporting rates 
of the general AEFI and the serious AEFI between 2019 and the 
time period of 2008–2011, while the vaccines used in Zhejiang 
province had not been changed since 2007. For example, the 
reporting rate of the general AEFI was 56.64/100,000 doses in 
2019, which was six times more than the reporting rate of 9.2/ 
100,000 doses for the time period of 2008–2011. The reporting 

Table 1. Serious AEFI and non-serious AEFI records in the national AEFI surveillance system database, 2019, by age group.

Age group Administrated doses

AEFI

χ2 P

Serious AEFI Non-serious AEFI

No. Rate No. Rate No. Rate

0 4,806,327 5220 108.61 355.87 <0.001 55 1.14 5165 107.46
1 5,859,698 3982 67.96 17 0.29 3965 67.67
2–4 5,703,993 2104 36.89 22 0.39 2082 36.50
5–7 1,728,374 944 54.62 8 0.46 936 54.15
8–14 512,867 136 26.52 1 0.19 135 26.32
15–59 1,969,842 386 19.60 9 0.46 377 19.14
≥60 2,510,300 307 12.23 15 0.60 292 11.63
Total 23,091,401 13079 56.64 127 0.55 12952 56.09

Rate:/100000 doses.

Table 2. Serious AEFI and non-serious AEFI records in the national AEFI surveil-
lance system database, 2019, by city.

City Administrated doses

AEFI
Serious 

AEFI
Non-serious 

AEFI

No. Rate No. Rate No. Rate

Hangzhou 4,587,656 3059 66.68 33 0.72 3026 65.96
Ningbo 2,958,024 1688 57.07 11 0.37 1677 56.69
Wenzhou 3,293,947 1850 56.16 13 0.39 1837 55.77
Jiaxing 1,747,068 1031 59.01 18 1.03 1013 57.98
Huzhou 1,255,111 571 45.49 2 0.16 569 45.33
Shaoxing 1,630,918 781 47.89 4 0.25 777 47.64
Jinhua 2,947,299 1631 55.34 17 0.58 1614 54.76
Quzhou 763,382 462 60.52 3 0.39 459 60.13
Zhoushan 286,709 103 35.92 3 1.05 100 34.88
Taizhou 2,743,285 1466 53.44 22 0.80 1444 52.64
Lishui 878,002 437 49.77 1 0.11 436 49.66
Total 23,091,401 13079 56.64 127 0.55 12952 56.09

Rate:/100000 doses.

Table 3. Category of AEFI records in the national AEFI surveillance system database, 2019, by city.

City Administrated doses

Vaccine product-related 
reaction(minor)

Vaccine product-related 
reaction(severe)

Immunization 
error

Coincidental 
event

Anxiety 
reaction Total

No. Rate No. Rate No. Rate No. Rate No. Rate No. Rate

Hangzhou 4,587,656 2666 58.11 322 7.02 0 - 61 1.33 10 0.22 3059 66.68
Ningbo 2,958,024 1604 54.23 56 1.89 1 0.03 25 0.85 2 0.07 1688 57.07
Wenzhou 3,293,947 1602 48.63 207 6.28 0 - 38 1.15 3 0.09 1850 56.16
Jiaxing 1,747,068 778 44.53 205 11.73 0 - 46 2.63 2 0.11 1031 59.01
Huzhou 1,255,111 469 37.37 86 6.85 0 - 14 1.12 2 0.16 571 45.49
Shaoxing 1,630,918 578 35.44 184 11.28 0 - 14 0.86 5 0.31 781 47.89
Jinhua 2,947,299 1540 52.25 71 2.41 0 - 20 0.68 0 - 1631 55.34
Quzhou 763,382 363 47.55 80 10.48 0 - 19 2.49 0 - 462 60.52
Zhoushan 286,709 79 27.55 14 4.88 0 - 10 3.49 0 - 103 35.92
Taizhou 2,743,285 1181 43.05 237 8.64 0 - 41 1.49 7 0.26 1466 53.44
Lishui 878,002 411 46.81 14 1.59 3 0.34 9 1.03 0 - 437 49.77
Total 23,091,401 11271 48.81 1476 6.39 4 0.02 297 1.29 31 0.13 13079 56.64

Rate:/100000 doses.

3826 X. PAN ET AL.



rate of the serious AEFI was 0.55/100,000 doses in 2019, which 
was half of the reporting rate of 0.94/100,000 for the time 
period of 2008–2011.12 The reporting rate of AEFI differed 
markedly from the findings from Zimbabwe during the 1997 
to 2017 period (0.58/100,000 doses). Approximately 5 to 7 
AEFI reports per 100,000 doses were received by the Vaccine 
Adverse Event Reporting System (VAERS) in the United 
States.14 In Australia in 2009,15 a rate of 14.1 AEFI per 
100,000 doses was reported. Variable reporting requirements, 
case definitions, and settings as well as variable compliance 
with reporting were the main reasons for the disparities in 
reporting rate of AEFI among different countries. However, 
the remarkable increase in the reporting rate of AEFI in 
Zhejiang province could be due to the enhanced vaccine safety 
awareness among both vaccination providers and recipients in 
recent years. Especially, the annual training programs had been 
used to build reporting and analytic capacity of AEFI staff, 
healthcare providers, and diagnostic AEFI expert panels, in 
order to enhance AEFI surveillance development. Our findings 
were consistent with those at the national level. For example, 
the number of AEFI cases reported to the surveillance system 
has increased by approximately 30% year by year since 2005. 
This increase was likely indicative of improved case ascertain-
ment and detection rather than the true increase in vaccine 
reactogenicity. This conclusion was supported by the decreas-
ing reporting rate deemed serious from the 2008 to 2011 period 
(1/100,000 doses) to 2019 (0.55/100,000 doses). Unfortunately, 
the reporting rates of AEFI from other countries like Japan or 
Germany were not comparable with that from this study as 

they used the total population as the denominator but not the 
vaccination doses.

In this study, we found some cities had a high reporting rate 
of serious AEFI but had a low reporting rate of non-serious 
AEFI (e.g. Zhoushan). It also could be observed in the AEFI 
passive surveillance system from other countries.16–18 This 
pattern suggested the sensitivity of the AEFI surveillance sys-
tem in the individual city was different and some cities had 
a lower sensitivity. It was likely to be related, to some extent, to 
known the disparities in the notification or investigation pro-
cedures of AEFI. Further study to evaluate and compare AEFI 
surveillance sensitivity across cities would help to elucidate 
this.

The vaccine product-related reaction was the most common 
AEFI observed in this study. These reactions were associated 
with the route and/or site of administration of the vaccine 
product, or caused by the immune-mediated process. Our 
finding was similar with the reports from other countries19–21 

and we indicated that all vaccination providers should conduct 
the medical screening for contraindications carefully before 
giving a shot to minimize these reactions. Vaccination error 
was very rare in Zhejiang province because of the strengthened 
routine vaccination service since 2008 through the provincial 
vaccination staff training program and the skill competition in 
every 2–3 years. Identifying a coincidental AEFI that was 
falsely attributed to a vaccine product was vital as otherwise 
the coincidence might result in loss of public confidence in the 
vaccine, with the consequent reemergence of vaccine- 
preventable disease. Although the reporting rate of coincident 

Table 4. Vaccine types listed as “suspected” in records of AEFI in the national AEFI surveillance system database, 2019.

Suspected vaccine Administrated doses

AEFI records
AEFI with one suspected vac-

cine only
Severe 

AEFI
Vaccine product-related 

reaction
Severe vaccine product-related 

reaction

No. Rate No. Rate No. Rate No. Rate No. Rate

BCG 574,151 85 14.80 61 10.62 3 0.52 33 5.75 1 0.17
DTP 2,071,285 2751 132.82 2211 106.75 5 0.24 94 4.54 5 0.24
DT 650,291 676 103.95 513 78.89 7 1.08 12 1.85 5 0.77
bOPV 992,836 201 20.25 95 9.57 6 0.60 27 2.72 2 0.20
IPV 993,298 138 13.89 81 8.15 2 0.20 14 1.41 1 0.10
MMR 1,409,081 1775 125.97 734 52.09 22 1.56 614 43.57 12 0.85
HepB 2,428,086 451 18.57 235 9.68 1 0.04 20 0.82 1 0.04
HepA-l 630,772 139 22.04 106 16.80 4 0.63 28 4.44 2 0.32
MPV-a 774,489 458 59.14 366 47.26 5 0.65 39 5.04 3 0.39
MPV-ac 1,218,761 307 25.19 243 19.94 2 0.16 56 4.59 2 0.16
JEV-l 1,295,107 481 37.14 347 26.79 5 0.39 60 4.63 3 0.23
HepA-i 256,491 66 25.73 57 22.22 0 - 3 1.17 0 -
JEV-i 375,880 301 80.08 265 70.50 1 0.27 20 5.32 1 0.27
MenV-acyw135 199,246 82 41.16 70 35.13 2 1.00 20 10.04 2 1.00
TIV 782,658 569 72.70 540 69.00 14 1.79 64 8.18 6 0.77
QIV 289,875 128 44.16 120 41.40 0 - 5 1.72 0 -
VZV 1,333,588 382 28.64 345 25.87 4 0.30 62 4.65 2 0.15
Hib 495,604 225 45.40 187 37.73 0 - 14 2.82 0 -
RV5 488,753 82 16.78 77 15.75 0 - 12 2.46 0 -
PPV23 330,902 605 182.83 525 158.66 6 1.81 18 5.44 4 1.21
PCV13 558,620 839 150.19 838 150.01 6 1.07 39 6.98 3 0.54
RRV 2,134,878 313 14.66 236 11.05 9 0.42 54 2.53 6 0.28
DTP-IPV-Hib 535,769 599 111.80 591 110.31 4 0.75 22 4.11 4 0.75
DTP-Hib 131,967 563 426.62 549 416.01 3 2.27 12 9.09 1 0.76
MCV-ac 438,663 195 44.45 164 37.39 2 0.46 20 4.56 0 -
Hib-MCV-ac 114,256 39 34.13 30 26.26 1 0.88 3 2.63 1 0.88
EV71 977,843 435 44.49 426 43.57 6 0.61 70 7.16 3 0.31
HPV2 57,210 26 45.45 26 45.45 0 - 4 6.99 0 -
HPV4 300,219 50 16.65 49 16.32 1 0.33 12 4.00 1 0.33
HPV9 202,418 67 33.10 67 33.10 2 0.99 7 3.46 1 0.49
OCV 48,404 8 16.53 8 16.53 0 - 2 4.13 0 -

Rate:/100000 doses.
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event was low in this study, cause-specific categorization was 
still important as it would enable the differentiation of coin-
cidental events from vaccine reactions especially for events 
such as death whose occurrence and miscommunication with 
the community could disrupt the EPI service.

The reporting rates of AEFI associated with pneumonia- 
containing vaccines, pertussis-containing vaccines and measles 
containing vaccine were higher than those associated with 
other vaccines. Our results were in line with the national 
surveillance results in recent years,11,22 furthermore, fever, red-
ness and induration at the injection site were the most frequent 
reported AEFI followed receipts of pneumococcal bacteria- 
containing vaccines, pertussis bacteria-containing vaccines 
and measles virus-containing vaccine were higher than those 
for other vaccines. We assumed that it was associated with the 

nature of the agents in these vaccines. It indicated that we 
should continue to pay close attention to these vaccines in 
the future surveillance work. Besides, the mechanism 
researches on understanding the development of adverse reac-
tions should be implemented to improve the vaccine antigen 
components, production process and additives.

In this study, the reporting rates of clinical diagnosis of 
AEFI were similar with the results from other countries, indi-
cating the safety profiles of these vaccines used in Zhejiang 
province. For example, the reporting rate of vaccine-associated 
paralytic polio in our study, which was induced by the oral live 
attenuated polio vaccine, was similar with the average estimate 
of 1 per million doses.23,24 The reporting rate of Guillain Barre 
Syndrome was 0.01/100,000 doses in this study, which was 
lower than those findings from UK (4.57/100,000 doses),25 

Finland (0.18–10.3/100,000 doses),26 and Canada (1.0–2.3/ 
100,000 doses).27 We found the acute disseminated encepha-
lomyelitis was rare, which was lower than the incidence rate 
among general population (0.4–0.8/100,000).28 The reporting 
rate of anaphylactic shock in this study was very similar to 
those found in the USA (0.65/100,000 doses) and Canada (0.2– 
2.6/100,000 doses), but lower than that from Finland (1.69– 
4.47/100,000 doses).26 The reporting rate of thrombocytopenic 
purpura in Zhejiang was also lower than the incidence of 
thrombocytopenic purpura among the general population 
(4.8/100,000).26

Table 5. Clinical diagnosis of AEFI in the national AEFI surveillance system database, 2019.

Clinical diagnosis

No. of AEFI records

Rate
Vaccine product-related 

reaction(minor)
Vaccine product-related 

reaction(severe)
Immunization 

error
Coincidental 

event
Anxiety 
reaction Total

Aseptic abscess 0 5 0 0 0 5 0.02
Febrile convulsions 0 18 0 9 0 27 0.12
Anaphylactic shock 0 5 0 0 0 5 0.02
Urticaria 0 284 0 7 0 291 1.26
Scarlet fever rash 0 67 0 0 0 67 0.29
Maculopapular rash 0 145 0 3 0 148 0.64
Allergic purpura 0 9 0 1 0 10 0.04
Thrombocytopenic purpura 0 19 0 8 0 27 0.12
Arthus reaction 0 1 0 0 0 1 0.00
Angioedema 0 33 0 0 0 33 0.14
Laryngeal edema 0 2 0 0 0 2 0.01
Other allergic reactions 0 44 0 1 0 45 0.19
Polyneuritis 0 0 0 1 0 1 0.00
Guillain Barre Syndrome 0 0 0 3 0 3 0.01
Epilepsy 0 0 0 4 0 4 0.02
Encephalitis 

and meningitis
0 1 0 2 0 3 0.01

Vaccine-associated paralytic 
polio

0 1 0 0 0 1 0.00

BCG-associated 
lymphadenitis

0 15 0 0 0 15 0.06

Abscess 0 13 0 0 0 13 0.06
Lymphagitis 

and lymphadenitis
0 3 0 1 0 4 0.02

Cellulitis 0 3 0 0 0 3 0.01
Septicemia 0 0 0 1 0 1 0.00
Sepsis 0 0 0 2 0 2 0.01
Syncope 0 0 0 0 6 6 0.03
Hysteria 0 0 0 0 1 1 0.00
Acute 

disseminated 
encephalomyelitis

0 2 0 0 0 2 0.01

Allergic rash 0 767 0 13 0 780 3.38
Fever/redness/induration 11,271 0 0 2 0 11,273 48.82
Other reaction 0 39 4 239 24 306 1.33

Rate:/100000 doses.

Table 6. The interval between AEFI onset and immunization in the national AEFI 
surveillance system database, 2019.

The interval between AEFI onset 
and immunization

AEFI
Serious 

AEFI

Vaccine pro-
duct-related 

reaction(severe)

No. % No. % No. %

0–1d 11,839 90.52 85 66.93 1288 87.26
2–3d 771 5.89 13 10.24 81 5.49
4–7d 226 1.73 6 4.72 41 2.78
8–14d 101 0.77 8 6.30 25 1.69
≥15d 142 1.09 15 11.81 41 2.78
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There are still several limitations and advantages regarding 
this study. As an inherent weakness of passive reporting sys-
tems, there was significant variability in reporting quality, 
potential for biased reporting (leading to overall underreport-
ing), limited power to establish or disprove the causal relation-
ship with vaccination in the individual report, and lack of 
control group. Our study also has a few advantages. First, 
data had been obtained widely from an entire province and 
over a year period. Second, all AEFI reports were scrutinized in 
a standardized fashion according to the guidelines for AEFI 
surveillance. Third, the number of distributed vaccine doses 
was available and allowed calculation of AEFI reporting rates 
per distributed vaccine doses.

Conclusion

The regular analysis and publication of AEFI surveillance data 
collated in the national AEFI surveillance system remained as 
the important aspects of EPI, and this would serve as a baseline 
for repeated analyses of the ongoing surveillance in the future. 
The data presented here illustrated the high level of vaccine 
safety. The benefits of vaccination far outweighed the risks of 
AEFI, particularly since the majority of those reported were not 
serious, or coincidentally associated with vaccination. Our 
findings could be used to implement the health education to 
the general population to enhance the confidence of vaccine or 
reduce the hesitation of vaccination, resulting a high vaccina-
tion coverage. In future, the quality of the AEFI surveillance 
system should be improved through collecting more detailed 
individual clinical data, making the standardized case defini-
tions, enhancing the follow-up of patients, and establishing of 
a sentinel system for active surveillance.
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