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In China, adverse events following immunization (AEFI) are reported by the 
China AEFI Surveillance System (CNAEFIS). Serious AEFI, including deaths, are 
mandatorily reported and are evaluated for causality by province-or prefecture-
level panels of experts. Yeast-derived HepB is the most widely used HepB in China 
for infants. However, the information about the death of infants caused by HepB 
is unclear. The CNAEFIS data on deaths following HepB from 2013 to 2020 were 
used for analyses. Descriptive analysis of epidemiologic characteristics was used 
to report death cases following HepB. We used administered doses to calculate 
denominators to estimate the risk of death after vaccination. During 2013–2020, 
there were 161 deaths following the administration of 173 million doses of HepB, 
for an overall incidence of 0.9 deaths per million doses. One hundred fifty-seven 
deaths were categorized as coincidental, and four deaths were accompanied by 
an abnormal reaction determined to be unrelated to the cause of death. The most 
common causes of death were neonatal pneumonia and foreign body asphyxia. 
These data provide reliable evidence on the safety of HepB among infants in China 
and can enhance public confidence in HepB immunization. To ensure public 
confidence in infants’ HepB vaccination, monitoring and scientifically evaluating 
AEFI-related deaths of HepB is necessary.
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1. Introduction

China has had a longstanding health problem with chronic hepatitis B (CHB). Historically, 
approximately 10% of the population lived with CHB, placing them at high risk of cirrhosis and 
liver cancer as adults (1). Mother-to-child transmission (MTCT) is the main cause of hepatitis 
B virus (HBV) transmission among endemic populations (2, 3). To interrupt HBV MTCT, China 
began using plasma-derived HBV vaccine (HepB) in 1985 in pilot projects. In 1992, the Chinese 
firm Biokangtai (BKT) received yeast-derived recombinant HepB for licensure and production 
in China through a technology transfer agreement with Merck Vaccines. That year, China 
implemented universal HepB vaccination for infants with BKT HepB (4).
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Passive-active immunoprophylaxis, strategic use of HepB vaccines 
and hepatitis B immunoglobulin (HBIG) in newborn infants of 
HBV-infected mothers was crucial as the first step in eliminating HBV 
infection, decreasing the HBsAg prevalence among children younger 
than 5 years by 97%, from 9.7% in the pre-vaccine era to 0.3% in 2014 
(5, 6). This effort averted 120 million infections, 28 million CHB cases, 
and 5 million deaths by 2014, making the current generation of 
children free from hepatitis B and protected for life (5). Because many 
women of childbearing age were born before the ready access to HepB, 
hundreds of thousands of HBV-exposed infants are born each year in 
China, making continuing and strengthening the HBV MTCT 
program imperative for decades to come.

Successes of China’s HBV prevention program were threatened in 
late 2012 when national, international, and social media reported 
infant deaths following the HepB administration in Hunan, China, 
implying that HepB caused the deaths (7). HepB license was 
suspended during a month-long investigation that exonerated the 
vaccine and its production. The 17 deaths were evaluated by an 
independent panel of pediatricians that determined none of the deaths 
were caused by the HepB. The HepB license was restored, but a 
decrease in confidence caused the birth-dose coverage among 
HBV-exposed infants to decline six percentage points over a 4-week 
period before recovering to its high pre-event coverage (7).

In China, adverse events following immunization (AEFI) are 
reported by healthcare providers to the China AEFI Surveillance 
System (CNAEFIS), a passive surveillance system jointly operated by 
the National Medical Products Administration (NMPA) and the 
Chinese Center for Disease Control and Prevention (8–10). Serious 
AEFI, including deaths, are mandatorily reported and are evaluated 
for causality by province-or prefecture-level panels of experts.

HepB is administered in the neonatal period – a time of life 
associated with a significant background death rate, primarily from 
congenital anomalies, prematurity, and infection. To maintain 
confidence in HepB vaccination, periodically evaluating the 
epidemiology of deaths following HepB administration is crucial. 
Therefore, this study evaluated the deaths following the HepB 
vaccination during 2013 to 2020 in China, right after the “2012 HepB 
vaccine event.”

2. Materials and methods

2.1. Data collection

According to CNAEFIS, the AEFI (including reports of deaths) 
are classified into one of the following categories (9): (1) vaccine 
reactions or vaccine-related reactions, defined as unexpected adverse 
reactions or reactions unrelated to the intended vaccination purpose 
that occur after standard vaccination of vaccine products, including 
common and rare adverse reactions, (2) vaccine quality reactions, 
defined as damage to tissues and organs caused by substandard 
vaccine quality, which damages the function of the vaccinated 
person. Unqualified quality refers to issues with the vaccine’s product 
line, purity, production process, additives (excipients), external 
factors, and issues where inspection and control do not comply with 
national vaccine production plans or standards, (3) program errors 
or immunization errors, defined as damage to tissues or organs and 
damage to the function of vaccine recipients due to violations of 

standard operating procedures, vaccination procedures, and vaccine 
usage guidelines, (4) coincidental events are that the vaccinators 
were in the incubation or preclinical stage of a certain disease, and 
the onset of the disease coincides with the time of vaccination. 
Inherent characteristics of vaccines do not cause coincidental events, 
and (5) psychogenic reactions or immunization anxiety-related 
reactions mean that individual or group reactions occur during 
or after vaccination due to the psychological reactions of the 
recipient. Inherent characteristics of vaccines do not cause the 
psychogenic reactions.

Through the BKT request, all reports of AEFI in infants following 
the HepB administration reported to CNAEFIS from January 2013 to 
December 2020 were obtained. The records included age and sex, 
clinical symptoms, time intervals from vaccination to symptom onset, 
clinical diagnoses, and vaccines co-administered with HepB. Reports 
also included results of causality assessments conducted by provincial 
and prefecture-level expert panels.

2.2. Data analysis

Descriptive analysis of epidemiologic characteristics was used to 
report death cases following HepB. The individual characteristics were 
presented as numbers and percentages. Yearly administered HepB 
doses were collected from vaccination clinics during the study period 
as the denominator to estimate the risk of deaths following HepB. The 
death rates were calculated per million administered vaccination 
doses. Stata 16.0 (Stata Corp LP, College Station, TX) was used for all 
statistical analyses.

3. Results

From January 2013 to December 2020, there were 15,671 adverse 
events recorded among infants when 173,555,759 doses of HepB were 
released to the market. One hundred sixty-one deaths were recorded. 
Among the deaths, 156 (97.5%) were determined to have been 
coincidental deaths unassociated with any adverse reaction. A total of 
four (2.5%) deaths were accompanied with an abnormal reaction, 
unrelated to the death. None of the deaths were classified as vaccine 
quality defect-related, program error, or immunization anxiety-
related events.

3.1. Characteristics of deaths accompanied 
by abnormal reactions

The four deaths accompanied by abnormal vaccine reactions are 
shown in Table 1. Of four deaths, two were girls. The age of vaccination 
ranged from 36 to 126 days. The interval from vaccination to clinical 
onset ranged from 1 to 4 days. A total of three deaths followed the 
second dose of HepB, and one followed the third dose of 
HepB. Another three deaths followed HepB co-administered with 
other vaccines – two with diphtheria, tetanus and a cellular pertussis 
combined vaccine (DPaT) and one with the polio vaccine. Another 
two deaths were associated with fever; none had redness or induration 
local reactions. The causes of the deaths included foreign body 
asphyxia, congenital heart disease, intracranial hemorrhage or edema, 
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accompanied by anaphylactic reaction, anaphylactic shock, and 
epilepsy, for three deaths, respectively. Another one was indeterminate 
due to no clear clinical diagnostic record.

3.2. Characteristics of deaths accompanied 
by no adverse reactions

There were 157 deaths reported in which there were no adverse 
vaccine reactions. The overall incidence of death was 0.9 per million 
doses, with annual incidences ranging from 0.7/million to 1.4/ million 

doses. The highest annual incidence occurred in 2020. During the 
eight-year study period, 18.5% of the deaths were reported in 2018. 
Surveillance sensitivity increased by 2018 when death-case reports 
began to increase (Figure 1). Approximately half (49.7%) of the deaths 
were reported during 2018–2020.

Table  2 shows the characteristics of these deaths. Among the 
deaths, 98 (62.4%) were boys; 47 (29.94%) were below one-month-old; 
74 (47.13%) were 1–2 months old; 36 (22.93%) were above 2 months. 
43 (27.4%) followed the first dose of HepB, 100 (63.7%) followed the 
second dose of HepB, and 14 (8.9%) followed the third dose of 
HepB. Sixty-two (39.5%) deaths followed the co-administration of one 

TABLE 1 Deaths accompanied with abnormal reactions following HepB immunization, China, 2013–2020 (n = 4).

Case 
no.

Date of 
birth

Sex Birth to 
vaccination 

date

Doses Other 
vaccines

Onset time 
of reaction, 

d

Fever/
redness/
induration

Abnormal 
reaction

Clinical 
diagnosis

1 2015/10/23 Female 126 2 DPaT 1 None Anaphylaxis Foreign body asphyxia

2 2016/11/9 Male 181 3 DPaT 1 Fever 38.5°C
Anaphylactic 

shock
Congenital heart disease

3 2016/6/16 Female 36 2 – 1 Fever 39.5°C Not recorded Indeterminate

4 2020/8/21 Male 65 2 polio 4 None Epilepsy
Intracranial hemorrhage 

and edema

DPaT, diphtheria, pertussis, and tetanus mixed vaccine; Polio, polio vaccine.

FIGURE 1

Reports of deaths with no adverse reaction following HepB by year, 2013–2020. (A) the proportion of deaths by year, 2013–2020. (B) number of 
deaths and mortality by year, 2013–2020.
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TABLE 2 Death reports with no adverse reaction following HepB 
immunization, China, 2013–2020 (n = 157).

Demographic Number Proportion 
(%)

Sex Male 98 62.4

Female 59 37.6

Month age at vaccine, 

months

<1 47 29.9

1 74 47.1

≥2 36 22.9

Dose 1 43 27.4

2 100 63.7

3 14 8.9

Co-administration None 95 60.5

One more vaccine 63 39.5

BCG 40 25.5

Polio 10 6.4

DPT 5 3.2

MenA/C 5 3.2

Influenza vaccine 2 1.3

Two more vaccines 4 2.5

DPaT+ Polio 3 1.9

MenA/C + Polio 1 0.6

Clinical diagnosis
Indeterminate 

cause of death
46 28.6

Neonatal 

pneumonia
36 22.4

Foreign body 

asphyxia
17 10.6

Congenital heart 

diseases
12 7.5

Sudden infant death 

syndrome
10 6.2

Neonatal 

respiratory distress 

syndrome

6 3.7

Intracranial 

hemorrhage and 

edema

5 3.1

Pulmonary 

hemorrhage
3 1.9

Severe diarrhea 

with dehydration
3 1.9

Coagulation disorder 2 1.2

Hemorrhagic 

necrotizing enteritis
2 1.2

Neonatal cyanosis 2 1.2

Hyperammonemia 2 1.2

Other 11 7.0

Total 157

BCG, Bacille Calmette-Guerin; Polio, polio vaccine; DPaT, diphtheria, pertussis, and tetanus 
mixed vaccine; MenA/C, meningococcal A/C vaccine.

or two other vaccines, among which the birth dose of the BCG vaccine 
was the most frequently co-administered vaccine (accompanied by 40 
deaths). Four deaths followed the co-administration of two vaccines. 
The most common causes of death were neonatal pneumonia (36, 
28.6%), foreign body asphyxia (17, 10.6%), congenital heart disease 
(12, 7.5%), sudden infant death syndrome (10, 6.2%), and neonatal 
respiratory distress syndrome (6, 3.7%). Forty-six deaths were 
indeterminate, and most (44, 95.7%) died before being admitted to 
a hospital.

4. Discussion

Our study revealed that between 2013 and 2020, over 173 million 
doses of BKT HepB were released to the market in China. During this 
time, 161 infant deaths were reported to CNAEFIS following the 
administration of HepB. Abnormal adverse reactions accompanied four 
deaths, and none of them were the cause of death; 157 were determined 
to be  coincidental deaths unassociated with adverse reactions. The 
overall incidence of 0.9 deaths per million doses, with no vaccine-caused 
deaths, is in line with results reported by the Vaccine Adverse Event 
Reporting System in the United States (11) and is similar to another 
study in China (12). An earlier study by Niu and colleagues reported that 
the incidence of death following HepB ranged from 1.0/million to 8.6/
million doses depending on age group and the brand of HepB (13).

Of the four deaths with abnormal reactions, two were girls 
following the second dose of HepB after birth. Two cases were 
reported following the co-administration of DPaT and one following 
the polio vaccine. It is suggested that co-administration may increase 
the possibility of AEFI but may not be directly related to the cause of 
death (12). The death from foreign body asphyxia had an 
accompanying anaphylactic reaction caused by either the vaccine itself 
or by excipients contained in the vaccine (14–17). The anaphylactic 
reaction was not determined to be the cause of death. One case died 
of intracranial hemorrhage and edema, and the abnormal reaction was 
classified as epilepsy associated with brain lesions or caused by a 
complex genetic predisposition (18–20). Still, there was no evidence 
of causality with vaccination. Another case was diagnosed with 
congenital heart disease, whose abnormal reaction was anaphylactic 
shock, an allergic reaction with cardiovascular collapse, which might 
be caused by food, drugs, or hymenoptera stings (21, 22). Anaphylactic 
shock may be a contributing factor to death (22). The current evidence 
was too limited to draw affirmative conclusions regarding associations 
between death and the HepB vaccination.

Public awareness of CNAEFIS has been suggested to lead to 
increasing reporting of adverse events after 2013 (7). The Chinese 
Vaccine Circulation Law was enacted in 2019 and may have increased 
surveillance sensitivity of AEFI-associated deaths through increased 
awareness of CNAEFIS (23). As for deaths accompanied by no adverse 
reactions, this review found that death reports increased sufficiently 1 
year before the formal implementation of the law when draft 
legislation was being vetted publicly. The higher proportion of male 
deaths is consistent with a previous study (12). More deaths occurred 
following the second dose of HepB, and the BCG vaccine was reported 
as the most frequently co-administered vaccine, consistent with the 
previous research (12). Analysis of other deaths reported to CNAEFIS 
showed that although co-administration may increase the possibility 
of AEFI, it was unrelated to the cause of death (12).
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The 2012 HepB event raised widespread public concern (24, 25). 
The 17 deaths were evaluated by an independent panel of pediatricians 
who found similar causes of death to our findings (24, 25). Considering 
coincidental infant deaths will always happen since the background 
neonatal mortality rate is non-zero, comprehensive and systematic 
approaches for preparing and responding to adverse events following 
HepB should be developed and used when needed (26).

Infants are vaccinated with HepB within 24 h after birth given two 
more doses in infancy. This post-exposure prevention strategy can 
prevent 95% of the vertical transmission of HBV and provide lifelong 
protection against HBV (27). We  believe that our study provides 
valuable information in enhancing vaccine confidence.

A limitation of our study was that autopsies are not routinely 
conducted in the death analyses, adding imprecision to the causes 
of death.

5. Conclusion

China’s program to prevent mother-to-child transmission of HBV 
is a fundamental child health program. Our review provides assurance 
of the safety of BKT HepB and reinforces the necessity of conducting 
scientific evaluations of serious AEFI reports to maintain public 
confidence in vaccines and immunization.
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