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ABSTRACT
National Immunization Program-version 2016 (ISIV-NIP-v2016) recommended a 4-dose hepatitis B vaccine 
(HepB) schedule for preterm birth (PTB) and low birth weight (LBW) infants born to HBsAg-positive 
mothers. However, the implementation of this immunization strategy in the past five years has not 
been fully evaluated in China. We reviewed the data of pregnant women and live-born infants from 24 
hospitals between 2016 and 2021 in Lu’an, Anhui province, to estimate the prevalence of PTB, LBW, and 
hepatitis B virus (HBV) infected pregnant women. We analyzed the vaccination status of HepB and HBIG 
among PTB and LBW infants born to HBsAg-positive mothers. A total of 160 222 pregnant women and 159 
613 live-born infants were included in this study. The estimated prevalence of PTB, LBW and HBV-infected 
pregnant women was 3.86% (range: 3.28%-5.10%), 2.77% (range: 2.12%-3.66%), and 3.27% (range: 3.03%- 
3.49%), respectively. We screened 340 PTB and LBW infants born to HBsAg-positive mothers between 
2016 and 2020. We found that the coverage of HepB and HBIG among them was 100% and 99.39%. 
However, the timely vaccination rate of the HepB birth dose was only 78.59% and only four children 
(1.22%) received the 4-dose HepB as recommended by ISIV-NIP-v2016. The 4-dose of HepB for PTB and 
LBW infants born to HBsAg-positive mothers recommended by ISIV-NIP-v2016 was not fully implemented. 
A strong public health intervention should be taken to close the policy-practice gap in China in the future.
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Introduction

Preterm birth (PTB) and low birth weight (LBW) in new-
borns are important global public health issues.1,2 

Compared with full-term infants, PTB and LBW infants 
are often at risk of infection and in particular with 
increased incidence and severity,3–5 which highlights the 
importance of timely vaccination in this vulnerable popula-
tion. However, they have an immature immune system 
which may impact vaccine responses.6 Especially for the 
hepatitis B vaccine (HepB) which is widely used as a birth 
dose in newborns, PTB and LBW infants, may not respond 
as well as full-term birth infants. Existing studies have 
investigated the immunogenicity of HepB in PTB and 
LBW infants, while these results were not conclusive and 
varied widely among studies.7–10 Therefore, the immuniza-
tion strategy of HepB for PTB and LBW children varies 
among countries.

WHO recommends birth doses can be given to LBW 
and PTB infants with a birth weight of less than 2000 g but 
should not count as part of the primary 3-dose series.11 

Australasian Neonatal Medicines Formulary (ANMF) 
recommends PTB infants (<32 weeks gestation) or LBW 
infants (<2000 g) should receive a 4-dose schedule (birth, 

2, 4, and 6 months of age) and then consider a booster shot 
at 12 months.12 The US Advisory Committee on 
Immunization Practices (ACIP) recommends that only 
infants weighing <2000 g who are born to HBsAg-positive 
mothers should administer a 4-dose schedule (birth, 1, 2–3, 
and 6 months of age).13

In 2016, China officially endorsed Immunization 
Schedules and Instructions for Vaccines of the National 
Immunization Program-version 2016 (ISIV-NIP-v2016) for 
national use. The ISIV-NIP-v2016 recommended a 4-dose 
HepB schedule (birth, 1, 2, and 7 months of age) for PTB 
and LBW infants born to HBsAg-positive mothers. In 
February 2021, China endorsed Immunization Schedules 
and Instructions for Vaccines of the National Immunization 
Program-version 2021 (ISIV-NIP-v2021) which recommends 
that only infants weighing <2000 g who are born to HBsAg- 
positive mothers should administer a 4-dose schedule. 
Therefore, the 4-dose HepB schedule for PTB and LBW 
infants (regardless of birth weight) has been implemented 
for approximately five years in China. However, the imple-
mentation of this immunization strategy in the past five years 
has not been fully evaluated in China. Therefore, this study 
aimed to address that gap by conducting a retrospective study 
in Lu’an, Anhui province.
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Materials and methods

Study design and subjects

This retrospective observational study was conducted in Lu’an 
which is a typical inland city located in the central region of 
China. The study subjects were those PTB and LBW infants 
born to HBsAg-positive mothers in Lu’an between 2016 and 
2021. PTB was defined as birth before 37 completed weeks of 
gestation.14 LBW was defined as birth weight <2500 grams.2 

Preterm low birth weight (PLBW) was defined as birth weight 
<2500 grams and gestational age <37 weeks.15 Hepatitis B virus 
(HBV) infection was defined as the detection of HBsAg was 
positive in this study. We screened subjects from 24 hospitals 
which were selected by convenience sampling from all seven 
counties in Lu’an. Although these hospitals were selected by 
convenient sampling, they are the principal birth hospitals in 
each county. At least 80% of newborns were delivered in these 
hospitals each year, which means that the results of this study 
can be considered representative of Lu’an city.

Data collection

Data collection was performed in three-stage. First, we reviewed 
the information on pregnant women and live-born infants from 
the birth medical registration record of the obstetrics depart-
ment of 24 hospitals between 2016 and 2021. The basic informa-
tion included the number of pregnant women, HBsAg-positive 
pregnant women, live-born infants, and PTB and LBW infants. 
Pregnant women were tested for HBsAg when they received 
their first antenatal health care, and at least 95% of women 
attending antenatal care were screened for HBV.16 Therefore, 
we extrapolated the prevalence of HBV infection among preg-
nant women, the incidence of PTB and LBW, and their temporal 
trends in Lu’an between 2016 and 2021. Second, we reviewed the 
gestational age at delivery and birth weight of the infants born to 
HBsAg-positive mothers to screen the subjects of this study. We 
extracted the basic information of the eligible subjects into the 
structured questionnaire. Data collected in the questionnaire 
included the name and the ID of the pregnant woman, address, 
mode of delivery, gender and birth date of the infant, birth 
weight, gestational age at delivery, complications, and immuni-
zation of the HepB and hepatitis B immune globulin (HBIG), 
etc. We calculated the proportion of PTB and LBW infants born 
to HBsAg-positive mothers in all live-born infants and infants 
born to HBsAg-positive mothers, respectively. In the third stage 
of the study, we searched in the Anhui Immunization 
Information Management System (AIIMS) by matching the ID 

number of the infant’s mother, the name of the infant’s mother, 
and the birth date of the infant to obtain vaccination informa-
tion. The AIIMS is an internet-based management platform 
maintaining immunization data which was described in detail 
in our previous study.17

Ethics statement

This study was approved by the Academic Council of Lu’an 
CDC (P2022–2203).

The authors assert that all procedures contributing to this 
survey comply with the ethical standards of the relevant 
national and institutional committees on human experimenta-
tion and with the Helsinki Declaration. Also, the data were 
kept confidential by all authors and those involved in the 
research.

Data analysis

All collected data were entered into Microsoft Excel 2019 where 
data cleaning was performed. Possible differences between dif-
ferent years were tested by the chi-square test. All the statistical 
analyses were performed using IBM SPSS Statistics for Windows 
version 20.0 (IBM Corp, Armonk, NY, USA). Two-sided 
p-values were reported to be statistically significant at <0.05.

Results

A total of 160 222 pregnant women were involved in this study. 
Of these, 5 233 (3.27%) were HBsAg-positive at antenatal 
screening. As shown in Table 1, the prevalence of HBV infec-
tion among pregnant women fluctuated between 2016 and 
2021, with the highest rate occurring in 2018 (3.49%) and the 
lowest occurring in 2021 (3.03%). There was no increasing 
trend of HBV infection among pregnant women was observed 
(χ2 

trend = 0.813, p = .367). Among 159 613 live-born infants, 
6161 were PTB infants (3.86%) and 4419 were LBW infants 
(2.77%). The overall PTB prevalence increased from 3.28% in 
2016 to 5.09% in 2021, and a significant increase in annual 
estimated incidence was observed during 2016–2021 (χ2 

trend =  
260.227, p < .001). The increasing trend of LBW prevalence was 
also observed, from 2.12% in 2016 to 3.66% in 2021 (χ2 

trend =  
178.693, p < .001).

In the study, we screened 340 PTB and LBW infants born to 
HBsAg-positive mothers between 2016 and 2021, including 
168 (49.41%) PTB only, 72 (21.18%) LBW only, and 100 
(29.41%) PLBW. Overall, we found that the proportion of 

Table 1. The estimated prevalence of PTB, LBW, and HBV infection of pregnant women in Lu’an, 2016–2021.

Year
No. of pregnant 

women
HBV infection pregnant 

women
HBV infection rate 

(%)
No. of live-born 

infants
No. of 

PTB
PTB rate 

(%)
No. of 
LBW

LBW rate 
(%)

2016 32910 1052 3.20 32792 1077 3.28 694 2.12
2017 35105 1081 3.08 34985 958 2.74 777 2.22
2018 22469 785 3.49 22344 858 3.84 624 2.79
2019 30301 1033 3.41 30201 1266 4.19 961 3.18
2020 23354 794 3.40 23272 1187 5.10 776 3.33
2021a 16083 488 3.03 16019 815 5.09 587 3.66
Total 160222 5233 3.27 159613 6161 3.86 4419 2.77

aThe field investigation of each hospital was carried out at different times, so the data for 2021 was only as of the survey time, not the data for the whole year.
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PTB and LBW infants in all live-born infants and infants born 
to HBsAg-positive mothers was 0.21% (range: 0.18%-0.31%) 
and 6.42% (range: 5.46%-9.94%), respectively, and an upward 
trend was also observed during 2016–2021. As shown in 
Table 2, the proportion in live-born infants increased from 
0.18% in 2016 to 0.31% in 2021 (χ2

trend = 6.552, p = .01), and 
that in infants born to HBsAg-positive mothers increased from 
5.46% in 2016 to 9.94% in 2021 (χ2

trend = 5.903, p = .015).
The vaccination characteristics of HepB and HBIG are sum-

marized in Table 3. Among 340 eligible subjects, we successfully 
followed up with 327 (96.18%) children, and their vaccination 
history of HepB and HBIG was collected. All children completed 
at least three doses of HepB, whereas the timely vaccination rate 
of the birth dose was only 78.59% (257/327). The distribution of 
the number of HepB doses (3, 4, 5, 6) was 312 (95.14%), 7 
(2.14%), 2 (0.61%), and 6 (1.83%), respectively. We found that 
only four (1.22%) children received the 4-dose schedule of HepB 
as recommended immunization strategy by ISIV-NIP-v2016. 
Besides, we found that the administration of HBIG and timely 
HBIG administration was 99.39% and 93.88%, respectively.

Discussion

This study had the objective to evaluate the implementation of 
the 4-dose HepB schedule for PTB and LBW infants born to 
HBsAg-positive mothers recommended by ISIV-NIP-v2016. 

We found that 99.39% of infants born to HBsAg-positive 
mothers received HBIG, with a timely vaccination rate of 
93.88%. However, only four (1.22%) children completed the 
4-dose of HepB schedule as recommended immunization strat-
egy, implying that the implementation of recommendations on 
special populations is a major public health challenge in Lu’an. 
In addition, we were also able to estimate the prevalence of 
PTB, LBW, and HBV infection in a large sample of pregnant 
women who attended major delivery hospitals in Lu’an.

The prevalence of PTB has increased significantly worldwide 
over the last decade and PTB-related complications were the 
leading causes of death in children younger than 5 years.1,14,18 In 
2014, the global estimated prevalence of PTB was 10.6%, corre-
sponding to 14.84 million live PTB infants.1 The overall PTB rate 
increased from 5.9% in 2012 to 6.4% in 2018 in China, with an 
annual rate of 1.3% increase.14 In this study, we also found that 
PTB prevalence increased from 3.28% in 2016 to 5.09% in 2021, 
and a significant increase in annual incidence was noted during 
2016–2021. Similarly, the increasing trend of LBW prevalence 
was also observed, from 2.12% in 2016 to 3.66% in 2021. The 
increasing number of PTB and LBW may be an important 
challenge to the prevention of HBV infection among newborns. 
It may delay HepB vaccination,2,19 resulting in an increased risk 
of neonatal hepatitis B infection. It was estimated that almost all 
pregnant women gave birth in hospitals in 2015 in China.20 

Besides, at least 80% of newborns were delivered in 24 hospitals 

Table 2. The proportion of PTB and LBW in all live-born infants and infants born to HBsAg-positive mothers in Lu’an, 2016–2021.

Year
No. of live-born 

infants
No. of infants born to HBsAg- 

positive mothers

No. of PTB and LBW infants 
born to HBsAg-positive 

mothers

Proportion in all live-born 
infants (%)

Proportion in infants born to HBsAg- 
positive mothers (%)

PTB 
only

LBW 
only PLBW Total

2016 32792 1063 32 16 10 58 0.18 5.46
2017 34985 1094 34 15 17 66 0.19 6.03
2018 22344 797 33 13 8 54 0.24 6.78
2019 30201 1048 21 18 23 62 0.21 5.92
2020 23272 805 23 8 20 51 0.22 6.34
2021a 16019 493 25 2 22 49 0.31 9.94
Total 159613 5300 168 72 100 340 0.21 6.42

aThe field investigation of each hospital was carried out at different times, so the data for 2021 was only as of the survey time, not the data for the whole year.

Table 3. Vaccination status of HepB and HBIG among PTB and LBW infants born to HBsAg-positive mothers.

Characteristics of vaccination No.of infants (N=327) Proportion (%)

Doses of HepB
3 doses 312 95.41
4 dosesa 7 2.14
5 doses 2 0.61
6 doses 6 1.83

Received the 4-dose schedule of HepB as recommended by ISIV-NIP-v2016
Yes 4 1.22
No 323 98.78

Administration time of HepB
Within 24 h 257 78.59
Over 24 h 70 21.41

Administration of HBIG
Yes 325 99.39
No 2 0.61

Administration time of HBIG
Within 24 h 307 93.88
Over 24 h 18 5.50

aDespite 7 children received 4 doses of HepB, 3 of them did not conform to the time schedule recommended by ISIV-NIP-v2016. They just 
administrated a booster dose 4–12 months after completing the 3-dose primary HepB vaccination

HUMAN VACCINES & IMMUNOTHERAPEUTICS e2155390-3



where this study was conducted. Therefore, the results of the 
current study may spark local public health authority concerns 
as the findings can reflect the real situation of Lu’an.

China has the world’s largest burden of HBV infection and it 
was estimated that there are about 86 million HBsAg-positive 
carriers (6.1% prevalence) in 2016.21 Furthermore, there are 
approximately one million infants were born to HBsAg-positive 
mothers every year in China, implying China still faces challenges 
to achieving the goal of hepatitis B elimination by 2030.22,23 The 
current study showed that the total prevalence of HBV infection 
among pregnant women in Lu’an was 3.27% between 2016 and 
2021, which was lower than that of the average level in China 
(3.99%) from a national observational study.16 One of the possible 
reasons may be due to pregnant women included in this study were 
almost born between the 1980s and 2000s, implying that some of 
them might benefit from the national immunization policy on 
infants and children. Previous studies reported that chronic infec-
tion occurs in 80–90% of infants infected in the first year of life and 
30–50% of children infected in the first 5 years of life but in less 
than 5% of those who acquire infection in adulthood.24,25 In other 
words, prevention of HBV infection in children and infants is the 
bedrock of reducing the burden of hepatitis B. In this study, we 
found that all children completed at least three doses of HepB, 
whereas the timely vaccination rate of the first dose of HepB was 
only 78.59%. PTB and LBW were common reasons for delayed 
vaccination, as parents or doctors perceive preterm and low birth 
weight infants as medically fragile even after their health has 
improved and their weight increased.19,26

Previous studies have demonstrated that PTB infants were 
more likely to be infected by HBsAg-positive mothers, especially 
for PTB infants who delayed injection of the birth dose.27 

Therefore, the immunization strategy of HepB for PTB infants 
is a matter of concern in China, especially for preterm PTB and 
LBW infants born to HBsAg-positive mothers. Consequently, 
the China ISIV-NIP-v2016 recommended a 4-dose HepB sche-
dule (birth, 1, 2, and 7 months of age) for PTB and LBW infants 
(regardless of birth weight) born to HBsAg-positive mothers in 
2016. Unfortunately, we observed that only four (1.22%) chil-
dren completed the 4-dose of HepB schedule as ISIV-NIP-v2016 
recommended, implying that recommendations for very special 
populations are likely to be ignored by vaccination clinic health-
care workers. It might be explained that the birth dose of HepB 
was given in the hospital’s obstetric unit, while the subsequent 
two or three doses were administered in the vaccination clinics 
of community health service centers. However, the vaccination 
certificate usually does not record the information on the birth 
weight, gestational week, and maternal HBsAg status. As 
a result, vaccination clinic healthcare workers can’t obtain that 
information, so it is difficult for them to judge which child is the 
special population that needs a special immunization schedule. 
It can be concluded that the implementation of the new recom-
mendations of ISIV-NIP-v2021 in China is facing some gaps in 
the administration of the 4th dose of HepB vaccine to PTB and 
LBW that requires some strong public health intervention.

Strengths and limitations

To the best of our knowledge, the implementation of the 4-dose 
HepB schedule for PTB and LBW infants born to HBsAg-positive 

mothers recommended by ISIV-NIP-v2016 has never been eval-
uated in China. We aimed to address that gap and assess the 
annual number of such high-risk populations in China by baseline 
data from this study. Our findings are also subject to the following 
limitations. First, our investigation was only conducted in one city 
in China, so the findings may have limited generalizability. 
Therefore, multi-city field investigations should be carried out in 
the future to obtain more precise data in China. Second, this study 
was based on convenient sampling, so the number of PTB and 
LBW infants born to HBsAg-positive mothers may be under-
estimated. However, at least 80% of newborns were delivered in 
selected hospitals each year, which means that the results of this 
study can reflect the actual situation in Lu’an. Third, the preva-
lence of HBV infection among pregnant women was estimated 
only by the HBsAg marker, thus we may have underestimated the 
prevalence. Besides, the test instruments and kits for HBsAg 
detection may be different in each hospital which has a potential 
impact on the estimation of the prevalence of HBV infection 
among pregnant women. However, we consider the impact is 
limited as the detection method is mature and the sample size of 
this study is large enough.

Conclusions

In conclusion, the prevalence of PTB, LBW, and HBV-infected 
pregnant women are at a medium level in Lu’an during 2016– 
2021. However, the 4-dose HepB schedule for PTB and LBW 
infants born to HBsAg-positive mothers recommended by 
ISIV-NIP-v2016 was not well implemented in Lu’an. 
A strong public health intervention should be taken to close 
the policy-practice gap in China in the future.

Acknowledgments

The authors are grateful for the contributions of the obstetric healthcare 
workers from 24 hospitals in Lu’an, China. We also would like to thank 
the CDC staff from Shucheng, Jinzhai, Yeji, Jin’an, Yu’an, Huoshan, and 
Huoqiu, for their assistance in the field investigation. Many thanks to 
interns from Bengbu Medical College, who participated in data entry.

Author contributions

Wei Qin designed, conceptualized this study, and drafted the manuscript. 
Yao Wang, Fan Pan, and Xiaqing Zhang participated in the data clear and 
analysis. Haitian Sui revised the manuscript and polished the language. 
Shaoyu Xie critically reviewed and supervised the development of the 
paper. Yao Wang, Fan Pan, Wei Qin, and Kai Cheng participated in the 
immunization record review and quality control of the questionnaire. All 
the authors reviewed and edited the final manuscript.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

Our work was supported by the Chinese Foundation for Hepatitis 
Prevention and Control – China hepatitis B prevention and control 
research fund subject [YGFK20200047], Scientific Research Project of 
Health Commission of Anhui Province [AHWJ2021a027], and the 

e2155390-4 W. QIN ET AL.



Special Funds for Expanded Program on Immunization in 2022 of the 
Lu’an municipal government.

ORCID

Wei Qin http://orcid.org/0000-0002-8961-4425

Data availability statement

The raw data supporting the conclusion is with the first author and can be 
made available on reasonable request and prior approval.

References

1. Chawanpaiboon S, Vogel JP, Moller AB, Lumbiganon P, 
Petzold M, Hogan D, Landoulsi S, Jampathong N, 
Kongwattanakul K, Laopaiboon M, et al. Global, regional, and 
national estimates of levels of preterm birth in 2014: a systematic 
review and modelling analysis. Lancet Glob Health. 2019;7(1):e37– 
46. doi:10.1016/S2214-109X(18)30451-0.

2. Soans S, Mihalyi A, Berlaimont V, Kolhapure S, Dash R, 
Agrawal A. Vaccination in preterm and low birth weight infants 
in India. Hum Vaccin Immunother. 2022;18(1):1–12. doi:10.1080/ 
21645515.2020.1866950.

3. Fan W, Zhang M, Zhu YM, Zheng YJ. Immunogenicity of hepatitis 
B vaccine in preterm or low birth weight infants: a meta-analysis. Am 
J Prev Med. 2020;59(2):278–87. doi:10.1016/j.amepre.2020.03.009.

4. Fortmann MI, Dirks J, Goedicke-Fritz S, Liese J, Zemlin M, 
Morbach H, Härtel C. Immunization of preterm infants: current 
evidence and future strategies to individualized approaches. Semin 
Immunopathol. 2022;44(6):767–84. doi:10.1007/s00281-022- 
00957-1.

5. Ost K, Oster NV, Jacobson EN, deHart MP, Englund JA, 
Hofstetter AM. Hepatitis B Vaccination of low birth weight infants 
in Washington state. Am J Perinatol. 2022;39(9):980–86. doi:10. 
1055/s-0040-1721372.

6. Gagneur A, Pinquier D, Quach C. Immunization of preterm 
infants. Hum Vaccin Immunother. 2015;11(11):2556–63. doi:10. 
1080/21645515.2015.1074358.

7. Kulkarni-Munje A, Malshe N, Palkar S, Amlekar A, Lalwani S, 
Mishra AC, Arankalle V. Immune response of Indian preterm 
infants to pentavalent vaccine varies with component antigens 
and gestational age. Front Immunol. 2021;12:592731. doi:10. 
3389/fimmu.2021.592731.

8. Freitas da Motta MS, Mussi-Pinhata MM, Jorge SM, Tachibana 
Yoshida CF, Sandoval de Souza CB. Immunogenicity of hepatitis 
B vaccine in preterm and full term infants vaccinated within the 
first week of life. Vaccine. 2002;20(11–12):1557–62. doi:10.1016/ 
s0264-410x(01)00493-5.

9. Blondheim O, Bader D, Abend M, Peniakov M, Reich D, 
Potesman I, Handsher R, Gidoni I, Linder N. Immunogenicity of 
hepatitis B vaccine in preterm infants. Arch Dis Child Fetal 
Neonatal Ed. 1998;79(3):F206–08. doi:10.1136/fn.79.3.f206.

10. Lau YL, Tam AY, Ng KW, Tsoi NS, Lam B, Lam P, Yeung CY. 
Response of preterm infants to hepatitis B vaccine. J Pediatr. 
1992;121(6):962–65. doi:10.1016/s0022-3476(05)80352-x.

11. World Health Organization. Hepatitis B vaccines: WHO position 
paper – July 2017. Wkly Epidemiol Rec. 2017;92(27):369–92.

12. Chaudhari T. Vaccinations in the newborn. Best Pract Res Clin Obstet 
Gynaecol. 2021;76:66–82. doi:10.1016/j.bpobgyn.2020.09.004.

13. Schillie S, Vellozzi C, Reingold A, Harris A, Haber P, Ward JW, 
Nelson NP. Prevention of hepatitis B virus infection in the United 
States: recommendations of the advisory committee on immuniza-
tion practices. MMWR Recomm Rep. 2018;67(1):1–31. doi:10. 
15585/mmwr.rr6701a1.

14. Deng K, Liang J, Mu Y, Liu Z, Wang Y, Li M, Li X, Dai L, Li Q, 
Chen P, et al. Preterm births in China between 2012 and 2018: 
an observational study of more than 9 million women. Lancet 
Glob Health. 2021;9(9):e1226–41. doi:10.1016/S2214-109X(21) 
00298-9.

15. Qureshi A, Ijaz S, Syed A, Qureshi A, Khan AA. Periodontal 
infection: a potential risk factor for pre-term delivery of low birth 
weight (PLBW) babies. J Pak Med Assoc. 2005;55:448–52.

16. Liu J, Wang X, Wang Q, Qiao Y, Jin X, Li Z, Du M, Yan W, Jing W, 
Liu M, et al. Hepatitis B virus infection among 90 million pregnant 
women in 2853 Chinese counties, 2015-2020: a national observa-
tional study. Lancet Reg Health West Pac. 2021;16:100267. doi:10. 
1016/j.lanwpc.2021.100267.

17. Qin W, Meng X, Zhang L, Wang Y, Xu X, Li K, Xie S. The impact 
of long-term moderate level of vaccination coverage for epidemiol-
ogy of varicella in Lu’an, China: should we change immunisation 
strategy now. Epidemiol Infect. 2020;148:e74. doi:10.1017/ 
S0950268820000667.

18. Chen C, Zhang JW, Xia HW, Zhang HX, Betran AP, Zhang L, 
Hua XL, Feng LP, Chen D, Sun K, et al. Preterm birth in China 
between 2015 and 2016. Am J Public Health. 2019;109 
(11):1597–604. doi:10.2105/AJPH.2019.305287.

19. Hofstetter AM, Jacobson EN, deHart MP, Englund JA. Early child-
hood vaccination status of preterm infants. Pediatrics. 2019;144(3). 
doi:10.1542/peds.2018-3520.

20. Chen L, Feng P, Shaver L, Wang Z. Maternal mortality ratio 
in China from 1990 to 2019: trends, causes and correlations. 
BMC Public Health. 2021;21(1):1536. doi:10.1186/s12889-021- 
11557-3.

21. Polaris Observatory Collaborators. Global prevalence, treatment, 
and prevention of hepatitis B virus infection in 2016: a modelling 
study. Lancet Gastroenterol Hepatol. 2018;3(6):383–403. doi:10. 
1016/S2468-1253(18)30056-6.

22. Cui F, Woodring J, Chan P, Xu F. Considerations of antiviral 
treatment to interrupt mother-to-child transmission of hepatitis 
B virus in China. Int J Epidemiol. 2018;47(5):1529–37. doi:10.1093/ 
ije/dyy077.

23. Liu J, Liang W, Jing W, Liu M. Countdown to 2030: eliminating 
hepatitis B disease, China. Bull World Health Organ. 2019;97 
(3):230–38. doi:10.2471/BLT.18.219469.

24. GBD 2019 Hepatitis B Collaborators. Global, regional, and 
national burden of hepatitis B, 1990–2019: a systematic analysis 
for the global burden of disease study 2019. Lancet 
Gastroenterol Hepatol. 2022;7(9):796–829. doi:10.1016/S2468- 
1253(22)00124-8.

25. Indolfi G, Easterbrook P, Dusheiko G, Siberry G, Chang MH, 
Thorne C, Bulterys M, Chan PL, El-Sayed MH, Giaquinto C, 
et al. Hepatitis B virus infection in children and adolescents. 
Lancet Gastroenterol Hepatol. 2019;4(6):466–76. doi:10.1016/ 
S2468-1253(19)30042-1.

26. Bary-Weisberg D, Stein-Zamir C. Vaccination timeliness and com-
pleteness among preterm and low birthweight infants: a national 
cohort study. Hum Vaccin Immunother. 2021;17(6):1666–74. 
doi:10.1080/21645515.2020.1840255.

27. Li F, Wang Q, Zhang L, Su H, Zhang J, Wang T, Huang D, Wu J, 
Yan Y, Fan D. The risk factors of transmission after the implemen-
tation of the routine immunization among children exposed to 
HBV infected mothers in a developing area in northwest China. 
Vaccine. 2012;30(49):7118–22. doi:10.1016/j.vaccine.2012.09.031.

HUMAN VACCINES & IMMUNOTHERAPEUTICS e2155390-5

https://doi.org/10.1016/S2214-109X(18)30451-0
https://doi.org/10.1080/21645515.2020.1866950
https://doi.org/10.1080/21645515.2020.1866950
https://doi.org/10.1016/j.amepre.2020.03.009
https://doi.org/10.1007/s00281-022-00957-1
https://doi.org/10.1007/s00281-022-00957-1
https://doi.org/10.1055/s-0040-1721372
https://doi.org/10.1055/s-0040-1721372
https://doi.org/10.1080/21645515.2015.1074358
https://doi.org/10.1080/21645515.2015.1074358
https://doi.org/10.3389/fimmu.2021.592731
https://doi.org/10.3389/fimmu.2021.592731
https://doi.org/10.1016/s0264-410x(01)00493-5
https://doi.org/10.1016/s0264-410x(01)00493-5
https://doi.org/10.1136/fn.79.3.f206
https://doi.org/10.1016/s0022-3476(05)80352-x
https://doi.org/10.1016/j.bpobgyn.2020.09.004
https://doi.org/10.15585/mmwr.rr6701a1
https://doi.org/10.15585/mmwr.rr6701a1
https://doi.org/10.1016/S2214-109X(21)00298-9
https://doi.org/10.1016/S2214-109X(21)00298-9
https://doi.org/10.1016/j.lanwpc.2021.100267
https://doi.org/10.1016/j.lanwpc.2021.100267
https://doi.org/10.1017/S0950268820000667
https://doi.org/10.1017/S0950268820000667
https://doi.org/10.2105/AJPH.2019.305287
https://doi.org/10.1542/peds.2018-3520
https://doi.org/10.1186/s12889-021-11557-3
https://doi.org/10.1186/s12889-021-11557-3
https://doi.org/10.1016/S2468-1253(18)30056-6
https://doi.org/10.1016/S2468-1253(18)30056-6
https://doi.org/10.1093/ije/dyy077
https://doi.org/10.1093/ije/dyy077
https://doi.org/10.2471/BLT.18.219469
https://doi.org/10.1016/S2468-1253(22)00124-8
https://doi.org/10.1016/S2468-1253(22)00124-8
https://doi.org/10.1016/S2468-1253(19)30042-1
https://doi.org/10.1016/S2468-1253(19)30042-1
https://doi.org/10.1080/21645515.2020.1840255
https://doi.org/10.1016/j.vaccine.2012.09.031

	Abstract
	Introduction
	Materials and methods
	Study design and subjects
	Data collection
	Ethics statement
	Data analysis

	Results
	Discussion
	Strengths and limitations
	Conclusions
	Acknowledgments
	Author contributions
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References

