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ABSTRACT

Introduction: There is a need for data to eval-
uate hepatitis B antigenemia in newborns of
mothers with hepatitis B virus (HBV) infection.
This study aims to investigate this.
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Methods: Newborns with positive serum hep-
atitis B surface antigen (HBsAg) and/or e antigen
(HBeAg) were enrolled in the study.

Results: One hundred and one newborns from
98 HBV-infected mothers were included. Med-
ian maternal serum HBV DNA level was
23,200 IU/mL at delivery. Among the new-
borns, 48 were boys and 53 were girls. Mean
birth weight was 3190.5 g. Twenty-one new-
borns had concurrent seropositive HBsAg and
HBeAg, nine had seropositive HBsAg and
seronegative HBeAg, and 71 had seronegative
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HBsAg and seropositive HBeAg. Eight newborns
had detectable serum HBV DNA. In the follow-
up, serum HBsAg and HBeAg in the newborns
with undetectable HBV DNA became negative
before 6 months of age. Two infants with
detectable HBV DNA were diagnosed with
immunoprophylaxis failure, one of whom
developed active hepatitis at 3 months of age.
Liver biopsy in this case showed significant
interface hepatitis, fibrous septa formation, and
expansion of portal areas with occasional
bridging fibrosis.

Conclusions: Concurrent HBV viremia and
antigenemia in newborns of HBV-infected
mothers requires attention, while antigenemia
without viremia is often transient.

Keywords: Antigenemia;
Hepatitis B virus; Newborn

Chronic hepatitis;

Why carry out this study?

Mother-to-child transmission is the major
route of HBV infection.

It is well known that active and passive
immunoprophylaxis at birth does not
exclude transmission of HBV infection.

What was learned from the study?

Concurrent HBV viremia and antigenemia
in newborns of HBV-infected mothers
requires attention, while antigenemia
without viremia is often transient.

Presentation of chronic hepatitis in
histology, mixed genotpye infection and
HBV DNA integration were found in a
3-month-old infant with
immunoprophylaxis failure.

INTRODUCTION

Hepatitis B virus (HBV) is a major public health
threat since chronic infection can lead to liver
cirrhosis and cancer [1-3]. Mother-to-child
transmission is the major route of HBV infec-
tion in endemic areas [4]. A recent national
investigation showed that 5.60 million preg-
nant women in China tested positive for hep-
atitis B surface antigen (HBsAg) between 2015
and 2020 [5]. Neonates born to HBsAg-positive
mothers are at highest risk for development of
chronic infection [6-9]. Despite passive—active
immunoprophylaxis using hepatitis B vaccina-
tion with or without hepatitis B immunoglob-
ulin (HBIg), up to 8-10% of newborns still
acquire HBV infection [10].

Mother-to-child transmission of HBV may
occur prenatally, during delivery, or early post
partum. Chronic HBV infection in infancy can
lead to one in four dying of HBV-related liver
diseases in later life [11]. Given the conse-
quences of mother-to-child transmission of
HBV, close follow-up should be conducted in
the newborns of HBV-infected mothers. There-
fore, we performed the present clinical follow-
up study to evaluate hepatitis B surface and/or e
antigenemia in newborns of mothers with HBV
infection.

METHODS

Study Population

From January 2012 to December 2019, new-
borns (within 24 h after birth) who had positive
serum HBsAg and/or hepatitis B e antigen
(HBeAg) and had no obvious defects were
enrolled in the multicenter observational
cohort study. Their serological outcomes before
hepatitis B vaccination and HBIg administra-
tion were provided as baseline parameters.
Informed consent was obtained from the
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parents of each infant at admission. The study
conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by
the ethics committees of each hospital.

Serological Assay

Serum HBsAg, anti-HBs, and HBeAg were
determined using reagents from Roche Diag-
nostics (Roche Diagnostic GmbH, Mannheim,
Germany). Serum HBV DNA was quantified by
polymerase chain reaction (Roche COBAS
AmpliPrep, lower limit of detection: 20 IU/mL).

Histological Evaluation

Liver biopsy specimens were prepared with
hematoxylin and eosin staining, fiber staining,
and immunohistochemical staining. Pathologi-
cal evaluation was performed by an experienced
hepatopathologist. Intrahepatic HBsAg and
hepatitis B core antigen (HBcAg) were detected
by immunohistochemistry and staining with
brown particles was considered as positive
expression.

Intrahepatic Covalently Closed Circular
DNA (cccDNA) Quantification

Total viral DNA was extracted from formalin-
fixed paraffin-embedded (FFPE) biopsy liver
specimens using the QIAamp FFPE DNA Mini
Kit (QIAGEN, Hilden, Germany) according to
the manufacturer’s instructions. Plasmid-safe
ATP-dependent DNase enzyme (Epicentre,
Madison, Wisconsin, USA) was used to digest
HBV relaxed circular DNA, double-stranded
linear DNA and single-stranded DNA. Rolling
circle amplification was then conducted to
selectively amplify circle DNA. Detailed proce-
dure can be found in the reference paper [12].

HBV Genotype and Gene Integration
Detection

To detect the integration of HBV DNA into
human genome samples, targeted HBV DNA
fragment capture sequencing was performed.

DNA was extracted from liver tissues using
GeneRead DNA FFPE Kit (Qiagen, Hilden, Ger-
many). Sequence capture probes according to
eight types (A, B, C, D, E, F, G, and H) of HBV
genome sequences were produced by
MyGenostics (Beijing, China). Targeted HBV
DNA fragment capture sequencing procedure
was carried out according to a previous report
[13]. Then, the high-throughput viral integra-
tion detection (HIVID) method was used for the
detection of breakpoints [14]. After removal of
low-quality and duplicate reads, sequenced
datasets were compared against both HBV and
human (hgl9) reference sequences using Bur-
rows—-Wheeler aligner (BWA). Integration sites
were determined through Clipping Reveals
Structure (CREST) analysis. These integration
sites were further confirmed by Sanger
sequencing.

Whole-Exome Sequencing

Genomic DNA was extracted from peripheral
blood. The detailed sequencing procedure can
be found in our previous paper [15].

Statistical Analysis

Data analyses were performed using SAS 9.4
software (SAS Institute Inc, Cary, NC, USA).
Continuous data were expressed as median
(range) or mean =+ standard deviation. Cate-
gorical data were expressed as the number of
subjects or percentages. Group comparisons
were performed using Fisher’s exact test. Tests
were two-sided and a probability (P)-value of
less than 0.05 was considered statistically
significant.

RESULTS

Baseline Characteristics

A total of 101 newborns were included in the
study, including three pairs of twins. The babies
were born from 98 HBV-infected mothers
(mean age, 29.7 £ 4.2 years). All the mothers
had seropositive HBsAg and 89 had seropositive
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HBeAg. Maternal serum median HBV DNA level
was 23,200 IU/mL (range < 20-608,200,000 IU/
mL) at delivery. Sixty-five mothers had received
nucleoside analogue (NA) therapy in late preg-
nancy. Forty-two mothers delivered their babies
through caesarean section. Table 1 shows the
baseline characteristics of mothers at delivery.

Among the newborns, 48 were boys and 53
were girls. Mean birth weight of these newborns
was 3190.5 g. Twenty-one newborns had con-
current seropositive HBsAg and HBeAg, nine
had seropositive HBsAg and seronegative
HBeAg, and 71 had seronegative HBsAg and
seropositive HBeAg. Three HBeAg-positive
newborns were from HBeAg-negative mothers.
Twenty-nine newborns had seropositive anti-
HBs, of whom seven had seropositive HBsAg.
Eight newborns had detectable serum HBV
DNA, of whom two had negative serum HBsAg.
Table 2 shows the baseline characteristics of
newborns at birth. Six newborns with
detectable HBV DNA were from mothers who
did not receive NA therapy. There was a signif-
icant difference between the group of mothers
who received NA therapy and mothers who did
not receive NA therapy with respect to the dis-
tribution of newborns with detectable HBV
DNA (P =0.0165). All the newborns were
administrated with hepatitis B vaccination and
HBIg.

Table 1 Baseline characteristics of mothers at delivery

Parameters Values
Age (years) 29.7 + 4.2
Gestation period (weeks) 383+ 19
Receiving nucleoside analogue 65

therapy (No.)
Caesarean section delivery (No.) 42

HBsAg ( +) in serum (No.) 98

HBeAg ( +) in serum (No.) 89

Median serum HBV DNA (IU/ 23,200 (< 20,
mL) 608,200,000)

Table 2 Baseline characteristics of newborns at birth

Parameters Values

Sex (boys/girls) 48/53
Mean birth weight (g) 3190.5 £ 540.8

HBsAg (+) and HBeAg (+) in serum 21
(No.)

HBsAg (—) and HBeAg (+) in serum 71
(No.)

HBsAg (4) and HBeAg (—) in serum 9
(No.)

Anti-HBs (+) in serum (No.) 29
Detectable HBV DNA in serum (No.) 8

Findings in the Follow-Up

To date, included newborns have been followed
for a median of 93 months (range 27--
120 months). Serum HBsAg and HBeAg in the
newborns with undetectable HBV DNA became
negative before 6 months of age; however, three
of them did not have positive serum anti-HBs
(negativity, < 10 IU/L) on top of completion of
the routine 3-dose vaccination. Among the
newborns with detectable HBV DNA, six spon-
taneously cleared HBV DNA and HBsAg before
6 months of age, one developed active hepatitis
at 3 months of age, and one had persistent
infection with a high viral load in serum.

The infant who developed active hepatitis
underwent further examinations. Her serum
alanine transaminase (ALT), aspartate transam-
inase (AST), and HBV DNA were 112 U/L, 109
U/L, and 10,000,000 IU/mL, respectively.
Coinfection with other hepatitis viruses (A, C,
D, E), Epstein-Barr virus, cytomegalovirus, or
human immunodeficiency virus was excluded.
Whole-exome sequencing did not reveal clini-
cally relevant variants. Liver biopsy showed
significant interface hepatitis, fibrous septa for-
mation, and expansion of portal areas with

occasional bridging fibrosis (Fig. 1A, B).
Immunohistochemical  staining  displayed
intrahepatic positive HBsAg and HBcAg
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Fig. 1 Pathological presentations of a 3-month-old infant
with hepatitis B. (A) significant interface hepatitis in
hematoxylin—cosin staining biopsy liver tissue (x 200);
(B) fibrous septa formation and expansion of portal areas
with occasional bridging fibrosis in fiber staining (x 200);

expression (Fig. 1C, D). Mixed HBV genotype
infection was identified in her biopsy specimen,
including genotypes A (4.13%), B (8.75%), and
C (87.12%) (Fig.2). The intrahepatic cccDNA
quantification was 0.1767 copies/cell. Gene
integration detection showed that there were

C) intrahepatic positive HBsAg expression (brown par-
tlcles) on immunohistochemical staining (x 400); (D) in-
trahepatic positive HBcAg expression (brown particles) on
immunohistochemical staining (x 400)

272 HBV DNA integration sites in the patient’s
genome, of which 136 were intragenic.
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A;4.13%

B;:8.75%

C;87.12%

Fig. 2 Composition of infected HBV genotypes in a
3-month-old infant with hepatitis B

DISCUSSION

Current practice guidelines recommend that all
pregnant women must be screened for HBV to
identify the infection and further prevent ver-
tical transmission [16]. NAs, such as lamivu-
dine, telbivudine, and tenofovir, may be
administered to inhibit viral replication in
HBsAg-positive pregnant women with high
HBV DNA levels. This prophylaxis significantly
diminishes maternal HBV viremia at delivery,
thereby reducing the risk of mother-to-child
transmission [17]. In our study, newborns with
detectable serum HBV DNA were mainly from
the mothers who did not receive NA therapy,
which indicated that appropriate prenatal pro-
phylaxis had benefits in blocking mother-to-
child transmission of HBV.

There has been controversy regarding new-
borns with antigenemia or viremia. Papaevan-
gelou held the opinion that HBV viremia in
newborns of HBsAg-positive mothers was a
transient phenomenon that did not necessarily
imply HBV infection transmission, whereas
Alavian argued that transmission of HBV infec-
tion from HBsAg-positive mothers to infants
needed more attention considering that several
infants still acquired the infection on top of a
combination of hepatitis B vaccination and
HBIg [18, 19]. In the present cohort study,
antigenemia among the newborns without vir-
emia was absent in the follow-up; however,
newborns with antigenemia and viremia did
not all lose their HBsAg or HBeAg. As a result, as
serum HBV DNA load was not Kknown,

antigenemia in newborns should not be
underestimated. Additionally, serum anti-HB
titers in the population are of concern. One
study demonstrated that young children with-
out seroprotective anti-HBs could be at risk of
HBV infection through horizontal transmission
[20]. For the three infants who had negative
serum anti-HBs on top of completion of the
routine three-dose vaccination in our study, a
booster vaccination was administrated. How-
ever, to date, their anti-HB titers are still below
10 IU/L.

The diagnostic criteria of immunoprophy-
laxis failure are generally known as HBsAg pos-
itivity in infants older than 6 months after
completion of a hepatitis B vaccination course
[16]. In our study, immunoprophylaxis failure
occurred in two infants. Although an infant
developed active hepatitis at 3 months of age,
this case can be diagnosed as immunoprophy-
laxis failure based on the biochemical, virolog-
ical, and pathological outcomes. It is worth
noting that the histological evaluation for this
case showed overt chronic hepatitis identified
by fibrous septa formation and expansion of
portal areas with occasional bridging fibrosis.
Additionally, many HBV DNA integration sites
in the patient’s genome were identified. These
findings are novel and have important clinical
implications. As the first study that has focused
on HBV DNA integration in pediatric HBV-in-
fected liver tissues, the authors indicate that
integration of HBV DNA to the host genome has
rarely been confirmed at the early stage of
chronic hepatitis in children [21]. With the
development of detection methods, HBV DNA
integration can be better explored [22]. Our
study is the first to confirm numerous HBV DNA
integration sites in a 3-month-old infant gen-
ome using this advanced detection method.

Many studies have demonstrated that dif-
ferent HBV genotypes have significant roles in
determining the clinical prognosis of liver dis-
ease [23]. Several reports have shown that
infection with mixtures of HBV genotypes is
frequent, and coinfection with different HBV
genotypes is associated with clinical disease
severity [24, 25]. In our study, we found that the
infant with active hepatitis was also infected
with mixtures of HBV genotypes by high-
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throughput sequencing that provided more
accurate information of the HBV genotype than
PCR-based genotyping [26]. We inferred that
the mixed HBV genotype infection might con-
tribute to altered pathogenesis in this case.

Whether the integration of HBV DNA to the
host genome in the infant patient plays a role in
the disease progression remains unclear. This
can be considered as a limitation of the current
study and deserves further research.

CONCLUSIONS

Concurrent HBV viremia and antigenemia in
newborns of HBV-infected mothers requires
attention, while antigenemia without viremia is
often transient. The findings in a 3-month-old
infant with immunoprophylaxis failure may

challenge current management of HBV
infection.
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