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ABSTRACT
HepB-CpG is a licensed adjuvanted two-dose hepatitis B vaccine for adults, with limited data on exposure 
during pregnancy. We assessed the risk of pregnancy outcomes among individuals who received HepB- 
CpG or the 3-dose HepB-alum vaccine ≤28 d prior to conception or during pregnancy at Kaiser 
Permanente Southern California (KPSC). The pregnancy cohort included KPSC members aged ≥18 y 
who received ≥1 dose of hepatitis B vaccine (HepB-CpG or HepB-alum) at KPSC outpatient family or 
internal medicine departments from August 2018 to November 2020. We followed these individuals 
through electronic health records from the vaccination date until the end of pregnancy, KPSC health plan 
disenrollment, or death, whichever came first. Among 81 and 125 eligible individuals who received HepB- 
CpG and HepB-alum, respectively, live births occurred in 84% and 74%, spontaneous abortion occurred in 
7% and 17% (adjusted relative risk [aRR] 0.40, 95% CI: 0.16–1.00), and preterm birth occurred in 15% and 
14% of liveborn infants (aRR 0.97, 95% CI 0.47–1.99). No major birth defects were identified through 6  
months of age. The study found no evidence of adverse pregnancy outcomes for recipients of HepB-CpG 
in comparison to HepB-alum.
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Introduction

Hepatitis B virus (HBV) causes a substantial burden of disease 
in the United States (US), despite the availability of effective 
vaccines. In 2018, there were an estimated 21,600 new acute 
infections, but this number fell to 13,300 in 2021, potentially 
due to disruptions in HBV testing during the COVID-19 
pandemic.1 An estimated 1.59 (range 1.25–2.49) million 
people in the US have chronic hepatitis B, although many 
individuals are unaware of the infection.2 Among pregnant 
people, the estimated prevalence of chronic hepatitis 
B infection is 0.7–0.9%.3 HBV during pregnancy is associated 
with increased risk of preterm delivery and potential for peri-
natal transmission in the absence of maternal antiviral treat-
ment and infant postexposure prophylaxis.4,5 Of infants 
infected with HBV at birth, 25% will eventually die of HBV- 
associated cirrhosis or liver cancer.6

The Advisory Committee on Immunization Practices 
(ACIP) recommends hepatitis B vaccination for all adults 
aged <60 y, including pregnant individuals.7 HepB-CpG 
(Heplisav-B) is an adult hepatitis B vaccine composed of hepa-
titis B surface antigen (HBsAg) and a toll-like receptor 9 
(TLR9) agonist adjuvant, CpG 1018. HepB-CpG was licensed 
in 2017 and requires two doses (at 0 and 1 month). In compar-
ison, HepB-alum vaccine (Engerix-B) is composed of HBsAg 
with an aluminum hydroxide adjuvant and requires 3 doses (at 

0, 1, and 6 months).8 In clinical trials, HepB-CpG elicited ear-
lier and higher seroprotection than HepB-alum.9,10 HepB-CpG 
has also been associated with higher series completion com-
pared to HepB-alum.11

HepB-CpG is not contraindicated during pregnancy; how-
ever, in pivotal clinical trials, only 36 individuals exposed to 
HepB-CpG and 17 exposed to HepB-alum prior to pregnancy 
had data on pregnancy outcomes, with no differences observed 
between groups.12 Since data on HepB-CpG exposure during 
pregnancy are insufficient to inform vaccine-associated risks 
in pregnancy, ACIP recommends that pregnant individuals 
needing hepatitis B vaccination receive a vaccine from 
a different manufacturer (e.g., HepB-alum, Recombivax HB, 
or Twinrix).7,13 Nonetheless, inadvertent exposure to HepB- 
CpG during pregnancy may occur, for example, if an indivi-
dual is vaccinated before becoming aware of the pregnancy. 
Although safety during pregnancy has been examined for 
hepatitis B vaccines other than HepB-GpG without finding 
significant associations with adverse pregnancy and infant 
outcomes,14 similar post-licensure safety studies during preg-
nancy have not been conducted for HepB-CpG.

Recognizing the need for data on the safety of HepB-CpG 
vaccination during pregnancy, we conducted a retrospective 
cohort study nested within a large pragmatic vaccine study at 
Kaiser Permanente Southern California (KPSC). This 
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pragmatic study assessed safety using real-world data under 
routine clinical practice, instead of under ideal conditions as 
part of a traditional clinical trial. We compared pregnancy 
outcomes following receipt of HepB-CpG vs. HepB-alum, the 
hepatitis B vaccine product that had routinely been used at 
KPSC.

Methods

KPSC is an integrated health care system with >4.8 million 
sociodemographically diverse members. Comprehensive elec-
tronic health records (EHR) cover all details of care received at 
KPSC facilities, including diagnoses, vaccinations, procedures, 
laboratory tests and results, and medications ordered and 
dispensed. Care received outside of KPSC is integrated into 
the EHR. The study was approved by the KPSC IRB (#11601), 
which waived the requirement for informed consent due to 
minimal risk to participants.

We previously conducted a large pragmatic, prospective 
cohort study to examine the association of HepB-CpG with 
acute myocardial infarction15 and other safety outcomes;16 this 
study used a nonrandomized cluster design to distribute vac-
cines as part of routine care, such that HepB-CpG became the 
only hepatitis B vaccine available in 7 of the 15 KPSC medical 
centers in family and internal medicine departments, while the 
other eight medical centers continued to use HepB-alum vac-
cine. The cohort included KPSC members aged ≥18 y who 
received ≥1 dose of hepatitis B vaccine (HepB-CpG or HepB- 
alum) at KPSC outpatient family or internal medicine depart-
ments from August 2018 to November 2020 (N = 69,625). 
Further details of the study design are described in our prior 
publications.11,15–17

In the nested study described in this manuscript, we 
included a subset of the HepB-CpG and HepB-alum cohorts 
that received ≥1 dose of HepB-CpG or HepB-alum ≤28 d prior 
to conception or during pregnancy. Pregnancy start date (esti-
mated date of conception) was determined by the estimated 
date of delivery (EDD) minus 38 weeks. If EDD was not avail-
able, the conception date was estimated by last menstrual 
period plus 2 weeks. For non-live birth outcomes where preg-
nancy dates were not readily available in automated data, chart 
review was conducted to confirm pregnancy start and end 
dates. We followed these individuals through the EHR from 
the vaccination date until the end of pregnancy, KPSC health 
plan disenrollment, or death, whichever came first.

Pregnancy outcomes included spontaneous abortion (invo-
luntary pregnancy loss at <20 weeks of gestation), induced 
abortion, stillbirth (fetal death at ≥20 weeks of gestation), pre-
term birth (gestational age <37 weeks), low birth weight 
(<2500 g at birth), and small for gestational age (birth weight 
below 10th percentile for gestational age and gender).18 

Pregnancy delivery outcomes (live birth, spontaneous abor-
tion, induced abortion, stillbirth) were extracted from the 
pregnancy episode flowsheet from the EHR. If the pregnancy 
outcome in the pregnancy episode flowsheet was missing (e.g. 
patient delivered outside of a KPSC hospital), diagnosis codes 
for live birth (ICD-10: Z37.0, Z37.2, and Z37.5) from the 
inpatient and emergency department settings were used to 
capture live birth outcomes. Chart review was conducted for 

all occurrences of the following outcomes: spontaneous abor-
tion, induced abortion, stillbirth, and unknown pregnancy 
outcomes. As automated EHR data for gestational age (used 
to derive preterm birth and small for gestational age outcomes) 
and low birth weight were available for births at KPSC hospi-
tals, chart review for these outcomes was only conducted for 
births occurring outside of KPSC.

Among KPSC liveborn infants of individuals included in 
the study, we assessed major birth defects using the National 
Birth Defects Prevention Network categorization (central ner-
vous system, eye, ear, cardiovascular, orofacial, gastrointest-
inal, genitourinary, musculoskeletal, and chromosomal) with 
International Classification of Diseases, Tenth Revision, 
Clinical Modification (ICD-10-CM) codes from birth through 
6 months of age.19

We described characteristics of HepB-CpG and HepB-alum 
recipients, including age group, race/ethnicity, neighborhood 
median household income, timing of hepatitis B vaccination 
prior to or during pregnancy, pre-pregnancy body mass index, 
diabetes in the year prior to conception, and trimester of 
starting prenatal care; additional characteristics included 
Medicaid enrollment, duration of KPSC membership prior to 
conception, time from conception to vaccination, comorbid-
ities in the year prior to conception (gestational diabetes, 
hypertension, substance use disorder, alcohol use disorder, 
mental health disorder), smoking during current pregnancy, 
Charlson comorbidity index and individual Charlson 
comorbidities20 in the year prior to conception, year of con-
ception (2018, 2019, 2020), single/multiple gestation, health-
care utilization (any inpatient visit, any emergency department 
visit, and number of outpatient visits in the year prior to 
conception), number of prior pregnancies, number of prior 
live births, number of prior pregnancies not ending in live 
births, complications of current pregnancy (e.g., gestational 
diabetes, preeclampsia, kidney disease, autoimmune disease, 
COVID-19 disease), other vaccinations between conception 
and hepatitis B vaccination, other vaccinations between hepa-
titis B vaccination and end of pregnancy, and other concomi-
tant vaccinations on hepatitis B vaccine index date. We also 
describe the characteristics of infants including singleton/mul-
tiple gestation, infant sex, gestational age at birth (weeks), birth 
weight (g), birth length (cm), head circumference (cm), and 
birth location.

We estimated the incidence proportions of outcomes in the 
HepB-CpG and HepB-alum groups, defined as the number of 
events divided by the eligible population for the outcome. We 
compared the event rate between groups using robust Poisson 
regression, adjusting for potential confounders (variables iden-
tified a priori [maternal age] or based on p-value ≤.05) when 
there were sufficient events to provide at least 80% power to 
detect a relative risk (RR) of 5.

Results

During the study period, 81 and 125 eligible individuals 
received ≥1 dose of HepB-CpG or HepB-alum, respectively, 
≤28 d prior to conception or during pregnancy, the majority of 
whom received hepatitis B vaccination ≤28 d prior to concep-
tion or during the first trimester of pregnancy (87.6% of HepB- 
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Table 1. Characteristics of adult recipients of HepB-CpG and HepB-alum during the 28 d prior to conception or during pregnancy from August 2018 to November 2020.

HepB-CpG Recipients HepB-alum Recipients Total
N = 81 
n (%)

N = 125 
n (%)

N = 206 
n (%) p-value

Age (years) at vaccination .09
18-25 15 (18.5) 38 (30.4) 53 (25.7)
26-35 40 (49.4) 60 (48.0) 100 (48.5)
>35 26 (32.1) 27 (21.6) 53 (25.7)
Mean±sd 31.41 ± 6.40 30.08 ± 6.33 30.60 ± 6.37 .12
Race/Ethnicity .75
Hispanic 49 (60.5) 71 (56.8) 120 (58.3)
Non-Hispanic, Asian 8 (9.9) 10 (8.0) 18 (8.7)
Non-Hispanic, Black 9 (11.1) 11 (8.8) 20 (9.7)
Non-Hispanic, White 11 (13.6) 25 (20.0) 36 (17.5)
None of the above/Unknown 4 (4.9) 8 (6.4) 12 (5.8)
Neighborhood median household income .05
<$40,000 10 (12.3) 10 (8.0) 20 (9.7)
$40,000 -59,999 17 (21.0) 39 (31.2) 56 (27.2)
$60,000 -79,999 24 (29.6) 18 (14.4) 42 (20.4)
$80,000 -99,999 7 (8.6) 20 (16.0) 27 (13.1)
$100,000+ 8 (9.9) 10 (8.0) 18 (8.7)
Missing 15 (18.5) 28 (22.4) 43 (20.9)
Timing of hepatitis B vaccination prior to or during pregnancy .04
≤28 d prior to conception 47 (58.0) 49 (39.2) 96 (46.6)
First trimester 24 (29.6) 56 (44.8) 80 (38.8)
Second trimester 8 (9.9) 12 (9.6) 20 (9.7)
Third trimester 2 (2.5) 8 (6.4) 10 (4.9)
Pre-pregnancy BMI* <.01
Underweight (<18.5) 4 (4.9) 0 (0.0) 4 (1.9)
Normal or healthy weight (18.5-24.9) 17 (21.0) 44 (35.2) 61 (29.6)
Overweight (25.0-29.9) 17 (21.0) 33 (26.4) 50 (24.3)
Obese, class 1 (30.0-34.9) 18 (22.2) 25 (20.0) 43 (20.9)
Obese, class 2-3 (≥35.0) 24 (29.6) 23 (18.4) 47 (22.8)
Unknown 1 (1.2) 0 (0.0) 1 (0.5)
History of diabetes in the year prior to conception 31 (38.3) 32 (25.6) 63 (30.6) .05
Start of prenatal care .01
First trimester 48 (59.3) 50 (40.0) 98 (47.6)
Second trimester 5 (6.2) 6 (4.8) 11 (5.3)
Missing first prenatal care date 28 (34.6) 69 (55.2) 97 (47.1)

Abbreviations: sd, standard deviation; BMI, body mass index. 
*Most recent BMI (kg/m2) from 2 y prior to conception date to conception date.

Figure 1. Relative risks of pregnancy outcomes comparing recipients of HepB-CpG with recipients of HepB-alum.
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CpG recipients and 84.0% of HepB-alum recipients). Of HepB- 
CpG and HepB-alum recipients, respectively, the mean age 
was 31.4 and 30.1 y, and Hispanic individuals comprised 
60.5% and 56.8% (Table 1). The distribution of median neigh-
borhood income differed between groups. More HepB-CpG 
vs. HepB-alum recipients had a history of diabetes (38.3% vs. 
25.6%, p-value 0.05), were overweight or obese (72.8% vs. 
64.8%, p-value <.01), and started prenatal care during the 
first trimester (59.3% vs. 40.0%, p-value 0.01). Other charac-
teristics were similar between groups (Appendix 1).

Live births occurred in 68 (84.0%) pregnancies among 
HepB-CpG recipients and 93 (74.4%) pregnancies among 
HepB-alum recipients. Spontaneous abortion occurred in 6 
(7.4%) and 21 (16.8%) of HepB-CpG and HepB-alum recipi-
ents, respectively (adjusted RR 0.40, 95% CI: 0.16–1.00) 
(Figure 1, Table 2). There were insufficient events of induced 
abortion (one among HepB-CpG recipients and four among 
HepB-alum recipients) and stillbirth (one in each group) to 

assess the adjusted relative risk of these outcomes between 
groups.

Characteristics of live-born infants were also similar 
between HepB-CpG (n = 68) and HepB-alum (n = 95) groups 
(Appendix 2). All live-born infants were singletons, except for 
4 (4.2%) infants in the HepB-alum group who were twins. 
Approximately 52% were female, and the median (IQR) gesta-
tional age at birth was 39 (37–39) weeks. Median (IQR) birth 
weight was 3325 (2990–3635) grams, length was 50 
(48–52) cm, and head circumference was 34 (33–35) cm. 
More infants in the HepB-alum group than the HepB-CpG 
group were born outside of a KPSC hospital.

Preterm birth occurred among 10 (14.7%) infants in the 
HepB-CpG group and 13 (13.8%) in the HepB-alum group 
(adjusted RR 0.97, 95% CI: 0.47–1.99) (Figure 1, Table 2). Low 
birth weight occurred among five (7.5%) infants in the HepB- 
CpG group and nine (10.1%) in the HepB-alum group, and 
small for gestational age occurred among three (4.5%) infants 

Table 2. Event rates and relative risk for pregnancy outcomes among recipients of HepB-CpG and HepB-alum.

HepB-CpG HepB-alum

Number of 
pregnancies/ 

infants 
included

Number 
of events 

n (%)
Event rate  
(95% CI)

Number of 
pregnancies/ 

infants 
included

Number 
of 

events 
n (%) Event rate (95% CI)

Unadjusted RR 
(95% CI)

Adjusted RR 
(95% CI)*

Non-live birth 
outcomes

Spontaneous 
abortion 
(involuntary loss 
<20 weeks)

81 6 (7.4) 0.07 (0.03-0.16) 125 21 (16.8) 0.17 (0.11-0.26) 0.44 (0.19-1.05) 0.40 (0.16,1.00)†

Induced abortion 81 1 (1.2) 0.01 (0.00-0.09) 125 4 (3.2) 0.03 (0.01-0.09) 0.39 (0.04-3.39) N/A
Stillbirth 81 1 (1.2) 0.01 (0.00-0.09) 125 1 (0.8) 0.01 (0.00-0.06) 1.54 (0.10-24.33) N/A
Live birth
Low birth weight 

(<2500 grams)
67 5 (7.5) 0.07 (0.03-0.18) 89 9 (10.1) 0.10 (0.05-0.19) 0.74 (0.26-2.10) N/A

Preterm birth 
(gestational age 
<37 weeks)

68 10 (14.7) 0.15 (0.08-0.27) 94 13 (13.8) 0.14 (0.08-0.24) 1.06 (0.50-2.28) 0.97 (0.47-1.99)‡

Small for gestational 
age (below 10th 
percentile)

67 3 (4.5) 0.04 (0.01-0.14) 85 3 (3.5) 0.04 (0.01-0.11) 1.27 (0.26-6.09) N/A

Major birth defects 
among infants 
born in KPSC

Central nervous 
system defects

66 0 N/A 67 0 N/A N/A N/A

Eye defects 66 0 N/A 67 0 N/A N/A N/A
Ear defects 66 0 N/A 67 0 N/A N/A N/A
Cardiovascular 

defects
66 0 N/A 67 0 N/A N/A N/A

Orofacial defects 66 0 N/A 67 0 N/A N/A N/A
Gastrointestinal 

defects
66 0 N/A 67 0 N/A N/A N/A

Genitourinary defects 66 0 N/A 67 0 N/A N/A N/A
Musculoskeletal 

defects
66 0 N/A 67 0 N/A N/A N/A

Chromosomal 
defects

66 0 N/A 67 0 N/A N/A N/A

Any major birth 
defect listed above

66 0 N/A 67 0 N/A N/A N/A

Abbreviations: N/A, not applicable; KPSC, Kaiser Permanente Southern California. 
*Per protocol, adjusted robust Poisson regression models were used to compare event rates when there were sufficient events to provide at least 80% power to detect 

a relative risk of 5. 
†Adjusted for mother’s age at vaccination, pre-pregnancy body mass index, history of diabetes in the year prior to conception, income, and timing of vaccination ≤28 d 

prior to conception or during pregnancy. Start of prenatal care removed due to lack of convergence. 
‡Adjusted for mother’s age at vaccination, pre-pregnancy body mass index, history of diabetes in the year prior to conception, income, timing of vaccination ≤28 d prior 

to conception or during pregnancy and start of prenatal care.
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in the HepB-CpG group and three (3.5%) in the HepB-alum 
group, respectively; there were insufficient events of these 
outcomes to assess the adjusted RR between groups. No 
major birth defects were identified through 6 months of age 
among infants born at KPSC (n = 66 for HepB-CpG and n = 67 
for HepB-alum groups).

Discussion

In this observational study, nested within a large hepatitis 
B vaccine safety study, individuals exposed to HepB-CpG or 
HepB-alum just prior to conception or during pregnancy had 
similar rates of adverse pregnancy outcomes. Characteristics of 
live-born infants were similar between vaccine groups, and no 
major birth defects were identified through 6 months of age. 
The study included a real-world population of pregnant indivi-
duals who received hepatitis B vaccines, were racially and 
ethnically diverse, and had comorbidities. Given the dearth of 
existing data on HepB-CpG safety during pregnancy, our study 
offers an important contribution to the literature on pregnancy 
and infant outcomes among individuals exposed to HepB-CpG 
in the ≤28 d prior to conception or during pregnancy.

Hepatitis B vaccination is recommended for all adults aged 
<60 y7 and is a critical strategy to reduce adverse maternal and 
infant outcomes associated with hepatitis B infection during 
pregnancy.4,21 As many healthy adults have infrequent pre-
ventive care visits or other health care encounters in which 
vaccinations may be offered, prenatal care visits can provide an 
opportunity to offer hepatitis B vaccination.22 A two-dose 
hepatitis B vaccine series compared to a 3-dose series could 
be advantageous to ensure series completion and protection 
against hepatitis B prior to delivery while individuals are 
engaged in care.11

Our study had several potential limitations. First, the sample 
size of eligible individuals inadvertently exposed to HepB-CpG 
was relatively small, as hepatitis B vaccines other than HepB- 
CpG were recommended for use during pregnancy. HepB-CpG 
exposures during pregnancy may have occurred prior to people 
becoming aware of pregnancy or for other reasons inconsistent 
with ACIP recommendations. Thus, our study had limited 
power to detect rare events; only spontaneous abortion and 
preterm birth occurred frequently enough for adjusted analyses. 
Second, the prevalence of diabetes was higher in our cohort 
than the general population, potentially because at the time of 
the study, KPSC had an EHR alert to offer hepatitis B vaccine to 
individuals with diabetes.23 Among pregnant vaccinated indi-
viduals, diabetes may have contributed to higher rates of still-
birth, preterm birth, and low birth weight that were observed in 
our study compared to vital statistics data.24,25 Rates of diabetes 
were somewhat higher in recipients of HepB-CpG (38.3%) than 
HepB-alum (25.6%), which would likely bias the unadjusted 
results toward higher rates of adverse outcomes in HepB-CpG 
recipients. Third, there is potential for misclassification of 
exposure and outcomes; however, these are unlikely, as HepB- 
CpG and HepB-alum were allocated to different medical center 
clusters, and vaccine doses were confirmed by the research 
team. We also used chart review to confirm the timing of 
exposure during pregnancy for non-live birth outcomes and 
to confirm certain pregnancy outcomes.

Nonetheless, this study is the first to document pregnancy 
outcomes following HepB-CpG vaccination in a real-world set-
ting. These data are important given limited prior data on 
HepB-CpG exposure during pregnancy, and the potential role 
for HepB-CpG as a 2-dose vaccine to increase hepatitis 
B vaccination coverage among adults. Our study did not identify 
an increased risk of adverse pregnancy outcomes for recipients 
of HepB-CpG vs. HepB-alum, but ongoing surveillance of preg-
nancy outcomes following HepB-CpG vaccination is needed.
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HepB-CpG 
recipients

HepB-alum 
recipients Total p-value

N = 81 
n (%)

N = 125 
n (%)

N = 206 
n (%)

Medicaid enrollment, ever from conception to vaccination* 9 (11.1) 19 (15.2) 27 (13.1) .40
Duration of membership prior to conception .37

None (enrolled after conception) 2 (2.5) 2 (1.6) 4 (1.9)
<1 month 1 (1.2) 0 (0.0) 1 (0.5)

1 - <6 months 11 (13.6) 13 (10.4) 24 (11.7)
6 months - <1 year 5 (6.2) 16 (12.8) 21 (10.2)
≥1 year 62 (76.5) 94 (75.2) 156 (75.7)

Duration of membership from conception to vaccination .14
N/A (vaccination prior to conception) 45 (55.6) 49 (39.2) 94 (45.6)

<1 month 18 (22.2) 41 (32.8) 59 (28.6)
1 - <4 months 11 (13.6) 20 (16.0) 31 (15.0)

≥4 months 7 (8.6) 15 (12.0) 22 (10.7)
History of gestational diabetes in year prior to conception 6 (7.4) 7 (5.6) 13 (6.3) .60
Hypertension in year prior to conception 8 (9.9) 8 (6.4) 16 (7.8) .36

Substance use disorder in year prior to conception 1 (1.2) 5 (4.0) 6 (2.9) .25
Alcohol use disorder in year prior to conception 0 (0.0) 1 (0.8) 1 (0.5) .42

Mental health disorder in year prior to conception 1 (1.2) 5 (4.0) 6 (2.9) .25
Smoking during current pregnancy .08

No 62 (76.5) 79 (63.2) 141 (68.4)
Yes 4 (4.9) 5 (4.0) 9 (4.4)
Unknown 15 (18.5) 41 (32.8) 56 (27.2)

Charlson comorbidity index in year prior to conception .30
0 46 (56.8) 83 (66.4) 129 (62.6)

1 24 (29.6) 29 (23.2) 53 (25.7)
2 8 (9.9) 12 (9.6) 20 (9.7)

3+ 3 (3.7) 1 (0.8) 4 (1.9)
Individual Charlson comorbidities
Congestive heart failure 0 (0.0) 0 (0.0) 0 (0.0) N/A
Peripheral vascular disease 0 (0.0) 0 (0.0) 0 (0.0) N/A
Cerebrovascular disease 0 (0.0) 1 (0.8) 1 (0.5) .42

Dementia 0 (0.0) 0 (0.0) 0 (0.0) N/A
Chronic obstructive pulmonary disease 6 (7.4) 9 (7.2) 15 (7.3) .96

Connective tissue/rheumatic disease 1 (1.2) 0 (0.0) 1 (0.5) .21
Peptic ulcer disease 0 (0.0) 0 (0.0) 0 (0.0) N/A

Mild liver disease 1 (1.2) 5 (4.0) 6 (2.9) .25
Moderate/severe liver disease 0 (0.0) 0 (0.0) 0 (0.0) N/A
Diabetes without complications 25 (30.9) 25 (20.0) 50 (24.3) .08

Diabetes with complications 6 (7.4) 7 (5.6) 13 (6.3) .60
Paraplegia and hemiplegia 0 (0.0) 1 (0.8) 1 (0.5) .42

Renal disease 2 (2.5) 0 (0.0) 2 (1.0) .08
Cancer 1 (1.2) 0 (0.0) 1 (0.5) .21

Metastatic carcinoma 0 (0.0) 0 (0.0) 0 (0.0) N/A
AIDS/HIV 0 (0.0) 0 (0.0) 0 (0.0) N/A
Date of conception .80

January-December 2018 19 (23.5) 33 (26.4) 52 (25.2)
January-December 2019 38 (46.9) 53 (42.4) 91 (44.2)

January-November 2020 24 (29.6) 39 (31.2) 63 (30.6)
Single/multiple gestation .25

Singleton pregnancy 81 (100.0) 123 (98.4) 204 (99.0)

(Continued)
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Appendix 1. Additional characteristics of adult recipients of HepB-CpG and HepB-alum during the 1 d prior to 
conception or during pregnancy from August 2018 to November 2020
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(Continued).

HepB-CpG 
recipients

HepB-alum 
recipients Total p-value

Multiple gestation 0 (0.0) 2 (1.6) 2 (1.0)
Any inpatient visit in year prior to vaccination 5 (6.2) 10 (8.0) 15 (7.3) .62

Any emergency department visit in year prior to vaccination 19 (23.5) 29 (23.2) 48 (23.3) .97
Number of outpatient visits in year prior to conception .64

0 7 (8.6) 5 (4.0) 12 (5.8)
1 5 (6.2) 6 (4.8) 11 (5.3)

2-4 15 (18.5) 26 (20.8) 41 (19.9)
5-9 25 (30.9) 45 (36.0) 70 (34.0)
10+ 29 (35.8) 43 (34.4) 72 (35.0)

Number of prior pregnancies .40
0 21 (25.9) 25 (20.0) 46 (22.3)

1 22 (27.2) 29 (23.2) 51 (24.8)
2+ 32 (39.5) 54 (43.2) 86 (41.7)

Missing 6 (7.4) 17 (13.6) 23 (11.2)
Number of prior live births .15
0 31 (38.3) 38 (30.4) 69 (33.5)

1 20 (24.7) 43 (34.4) 63 (30.6)
2+ 24 (29.6) 27 (21.6) 51 (24.8)

Missing 6 (7.4) 17 (13.6) 23 (11.2)
Number of prior pregnancies not ending in live birth .44

0 47 (58.0) 64 (51.2) 111 (53.9)
1 19 (23.5) 26 (20.8) 45 (21.8)
2+ 9 (11.1) 18 (14.4) 27 (13.1)

Missing 6 (7.4) 17 (13.6) 23 (11.2)
Complications of current pregnancy
Gestational diabetes 14 (11.2) 9 (11.1) 23 (11.2) .98
Preeclampsia 0 (0.0) 0 (0.0) 0 (0.0) N/A

Kidney disease 0 (0.0) 2 (2.5) 2 (1.0) .08
Autoimmune disease 1 (0.8) 4 (4.9) 5 (2.4) .76

COVID-19 disease 1 (0.8) 4 (4.9) 5 (2.4) .06
Other vaccinations between conception and hepatitis B vaccination (excluding the 

hepatitis B vaccination date)
Influenza 10 (12.3) 26 (20.8) 36 (17.5) .12

Pneumococcal 0 (0.0) 1 (0.8) 1 (0.5) .42
COVID-19 0 (0.0) 0 (0.0) 0 (0.0) N/A
HPV 1 (1.2) 3 (2.4) 4 (1.9) .55

HepA 1 (1.2) 0 (0.0) 1 (0.5) .21
Hib 0 (0.0) 0 (0.0) 0 (0.0) N/A

Japanese encephalitis 0 (0.0) 0 (0.0) 0 (0.0) N/A
MMR 0 (0.0) 0 (0.0) 0 (0.0) N/A

Meningococcal 0 (0.0) 0 (0.0) 0 (0.0) N/A
Polio 0 (0.0) 0 (0.0) 0 (0.0) N/A
Rabies 0 (0.0) 0 (0.0) 0 (0.0) N/A

Tdap 5 (6.2) 9 (7.2) 14 (6.8) .77
Td 0 (0.0) 0 (0.0) 0 (0.0) N/A

Typhoid 0 (0.0) 0 (0.0) 0 (0.0) N/A
Varicella 0 (0.0) 1 (0.8) 1 (0.5) .42

Yellow fever 0 (0.0) 0 (0.0) 0 (0.0) N/A
Zoster 0 (0.0) 0 (0.0) 0 (0.0) N/A

Other vaccinations between hepatitis B vaccination and end of pregnancy (excluding 
hepatitis B vaccination date)

Influenza 36 (44.4) 45 (36.0) 81 (39.3) .23
Pneumococcal 0(0.0) 0(0.0) 0(0.0) N/A

COVID-19 3 (3.7) 2 (1.6) 5 (2.4) .34
HPV 0(0.0) 0(0.0) 0(0.0) N/A
HepA 0 (0.0) 0 (0.0) 0 (0.0) N/A

Hib 0 (0.0) 0 (0.0) 0 (0.0) N/A
Japanese encephalitis 0 (0.0) 0 (0.0) 0 (0.0) N/A

(Continued)

8 K. J. BRUXVOORT ET AL.



(Continued).

HepB-CpG 
recipients

HepB-alum 
recipients Total p-value

MMR 0 (0.0) 2 (1.6) 2 (1.0) .25
Meningococcal 0 (0.0) 0 (0.0) 0 (0.0) N/A

Polio 0 (0.0) 0 (0.0) 0 (0.0) N/A
Rabies 0 (0.0) 0 (0.0) 0 (0.0) N/A

Tdap 61 (75.3) 72 (57.6) 133 (64.6) <.01
Td 0 (0.0) 0 (0.0) 0 (0.0) N/A

Typhoid 0 (0.0) 0 (0.0) 0 (0.0) N/A
Varicella 0 (0.0) 0 (0.0) 0 (0.0) N/A
Yellow fever 0 (0.0) 0 (0.0) 0 (0.0) N/A

Zoster 0 (0.0) 0 (0.0) 0 (0.0) N/A
Other concomitant vaccinations on hepatitis B vaccination date
Yes 32 (39.5) 47 (37.6) 79 (38.3) .78
Influenza 18 (22.2) 21 (16.8) 39 (18.9) .33

Pneumococcal 9 (11.1) 12 (9.6) 21 (10.2) .73
COVID-19 0 (0.0) 0 (0.0) 0 (0.0) N/A
HPV 0 (0.0) 3 (2.4) 3 (1.5) .16

HepA 1 (1.2) 4 (3.2) 5 (2.4) .37
Hib 0 (0.0) 0 (0.0) 0 (0.0) N/A

Japanese encephalitis 0 (0.0) 0 (0.0) 0 (0.0) N/A
MMR 4 (4.9) 11 (8.8) 15 (7.3) .30

Meningococcal 1 (1.2) 1 (0.8) 2 (1.0) .76
Polio 0 (0.0) 0 (0.0) 0 (0.0) N/A
Rabies 0 (0.0) 0 (0.0) 0 (0.0) N/A

Tdap 2 (2.5) 7 (5.6) 9 (4.4) .28
Td 0 (0.0) 0 (0.0) 0 (0.0) N/A

Typhoid 0 (0.0) 0 (0.0) 0 (0.0) N/A
Varicella 0 (0.0) 6 (4.8) 6 (2.9) .05

Yellow fever 0 (0.0) 0 (0.0) 0 (0.0) N/A
Zoster 0 (0.0) 0 (0.0) 0 (0.0) N/A

Abbreviations: N/A, not applicable; HPV, human papillomavirus; HepA, hepatitis A; Hib, Haemophilus influenzae type B; MMR, measles, mumps, rubella; Tdap, tetanus, 
diphtheria, and pertussis; Td, tetanus-diphtheria. 

*Vaccination refers to the first hepatitis B dose during the period from 28 d prior to conception through the end of pregnancy.
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HepB-CpG-exposed infants HepB-alum-exposed infants Total p-value
N = 68 
n (%)

N = 95 
n (%)

N = 163 
n (%)

Single/multiple gestation .09

Singleton 68 (100.0) 91 (95.8) 159 (97.5)
Twins 0 (0.0) 4 (4.2) 4 (2.5)

Triplets or greater 0 (0.0) 0 (0.0) 0 (0.0)
Infant sex .60

Male 31 (45.6) 43 (45.3) 74 (45.4)
Female 36 (52.9) 48 (50.5) 84 (51.5)
Intersex/other/unknown 1 (1.5) 4 (4.2) 5 (3.1)

Gestational age at birth, weeks .75
<28 0 (0.0) 1 (1.1) 1 (0.6)

28-31 2 (2.9) 2 (2.1) 4 (2.5)
32-36 8 (11.8) 10 (10.5) 18 (11.0)

37-39 47 (69.1) 62 (65.3) 109 (66.9)
≥40 11 (16.2) 20 (21.1) 31 (19.0)

Gestational age at birth, weeks .46
Mean ± sd 37.93 ± 2.13 38.06 ± 2.63 38.01 ± 2.43
Median (IQR) 38 (37-39) 39 (37-39) 39 (37-39)

Birth weight, g .89
Mean ± sd 3286.01 ± 619.56 3296.52 ± 665.50 3292.01 ± 644.15

Median (IQR) 3330 (3000, 3580) 3320 (2960, 3660) 3325 (2990, 3635)
Missing 1 (1.5) 6 (6.3) 7 (4.3)

Birth length, cm .42
Mean ± sd 49.87 ± 3.33 49.87 ± 6.84 49.87 ± 5.46
Median (IQR) 50 (48-52) 51 (49-52) 50 (48-52)

Missing 2 (2.9) 20 (21.1) 22 (13.5)
Head circumference, cm .85

Mean (sd) 33.94 (1.94) 33.86 (1.97) 33.90 (1.95)
Median (IQR) 34 (33-36) 34 (33-35) 34 (33-35)

Missing 2 (2.9) 27 (28.4) 29 (17.8)
Birth location <.01
KPSC hospital 66 (97.1) 67 (73.6) 133 (83.6)

Non-KPSC hospital/non-hospital setting 2 (2.9) 28 (29.5) 30 (18.4)

Abbreviations: sd, standard deviation; IQR, interquartile range.

Appendix 2. Characteristics of live born infants of individuals exposed to hepatitis B vaccine during the 2 
d prior to conception or during pregnancy from August 2018 to November 2020
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