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Hepatitis B and Pregnancy: Virologic and 
Immunologic Characteristics
Shivali S. Joshi,1,2 and Carla S. Coffin 1,2

The hepatitis B virus (HBV) is an important human pathogen. Unvaccinated infants infected through mother-to-child 
transmission (MTCT) are at >95% risk of developing serum hepatitis B surface antigen-positive chronic hepatitis B 
(CHB). Despite complete passive-active HBV immunoprophylaxis, approximately 10% of infants born to mothers who 
are highly viremic develop CHB, and thus maternal treatment with nucleos(t)ide analogs (tenofovir disoproxil fuma-
rate, lamivudine, or telbivudine) is recommended in the third trimester of pregnancy to reduce MTCT risk. Viral re-
bound usually occurs after stopping treatment and, in the context of maternal immunologic reconstitution postpartum, 
can also precipitate host immune-mediated hepatic (biochemical) flares. In this article, we review the epidemiology 
of HBV MTCT, discuss management and potential mechanisms of HBV vertical transmission, and highlight recent 
studies on virologic and immunologic aspects of hepatitis B in pregnancy and postpartum. (Hepatology Communications 
2020;4:157-171).

Chronic hepatitis B (CHB) is a serious pub-
lic health problem affecting approximately 
250  million people worldwide, including 

65  million women of childbearing age, leading to 
8,00,000 deaths annually.(1) Acute hepatitis B virus 
(HBV) infection in healthy immunocompetent adults 
results in a self-limiting disease, with <2% to 3% pro-
gressing to serum hepatitis B surface antigen-positive 
(HBsAg)+ CHB.(2) However, acutely infected infants 
are at >95% risk of developing CHB, and hence ver-
tical or mother-to-child transmission (MTCT) from 
mothers who are HBsAg+ is responsible for approxi-
mately 50% of the global disease burden. The World 
Health Organization recommends that all infants 
receive the birth dose HBV vaccine soon after birth, 
followed by two doses to complete the primary series. 

The implementation of universal childhood HBV 
vaccination with or without hepatitis B immune glob-
ulin (HBIG) in more than 200 countries since the 
1990s has led to a significant decline in MTCT and 
the global incidence of CHB.(1) In this review, we 
summarize the current literature on HBV immuno-
pathogenesis in pregnancy and proposed mechanisms 
of HBV MTCT.

epiDemiology oF HBV anD 
mtCt

The global prevalence of CHB (serum HBsAg+) is 
3.6%, with the highest prevalence in Africa (8.8%) and 
the Western Pacific (5.2%). More than 75% of individ-
uals with CHB worldwide are found in the Asia Pacific 
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region, and vertical transmission is more common in 
Asia than Africa.(3) The risk of CHB following expo-
sure to HBV varies from approximately 90% in infants 
to 30% to 50% in toddlers and young children up to  
5 years of age. The rates of MTCT also vary depending 
on maternal hepatitis B e antigen (HBeAg) status, with 
a 70% to 90% transmission rate for mothers who are 
HBeAg+ versus 10% to 40% in HBeAg− infection.(4)

summaRy oF CuRRent 
CliniCal guiDelines anD 
ReCent appRoaCHes FoR 
management oF CHB anD 
pRegnanCy

All HBV clinical practice guidelines recommend 
prenatal HBsAg screening in pregnancy and admin-
istering postnatal passive-active immunoprophylaxis 
with HBIG along with the three-dose HBV vaccine 
series to infants born to mothers who are HBsAg+ 
(Table 1). HBV immunoprophylaxis failures can 
occur in approximately 10% of infants born to moth-
ers who are HBsAg+ and HBeAg+ with HBV-DNA 
9  log10  copies/mL (1  IU  =  ~5  virus copies/mL). 
Current guidelines recommend initiation of oral 
antiviral (nucleos(t)ide analog [NA]) therapy in the 
third trimester in mothers who are highly viremic 
with HBV-DNA levels >6 log10 copies/mL to reduce 
the risk of MTCT.(5-8) According to the U.S. Food 
and Drug Administration (FDA), the three oral NAs 
considered safe in pregnancy are lamivudine (LMV; 
category class C) and class B drugs telbivudine and 
tenofovir disoproxil fumarate (TDF). However, it is 
important to note that animal reproductive toxicity 
studies are not always predictive of human response, 
thus NAs should be used during pregnancy only if 

potential benefits outweigh the risks. TDF is pre-
ferred due to a better resistance profile and safety 
data for treatment of HBV during pregnancy.(7,9) 
Although TDF is detected in breast milk, it has low 
oral bioavailability, and infants are exposed to min-
imal oral concentrations (<0.03% of recommended 
neonatal dose).(6) In nonpregnant patients with CHB, 
long-term TDF therapy is linked to metabolic bone 
disease and renal dysfunction, but to date no signif-
icant maternal safety concerns have been reported 
with NA therapy during pregnancy.(10) A new for-
mulation of TDF (tenofovir alafenamide fumarate 
[TAF]) was recently approved for treatment of CHB 
and human immunodeficiency virus (HIV) infection. 
TAF is a TDF prodrug with lower serum bioavailabil-
ity due to rapid cellular uptake into hepatocytes and 
lymphocytes, with associated lower risk of renal and 
metabolic bone effects in treatment of either CHB or 
HIV.(11,12) In women of childbearing age with CHB, 
viral kinetics over a 12-week treatment regimen with 
TAF or TDF showed comparable efficacy of both 
drugs in lowering serum viral loads from approxi-
mately 5  log10  IU/mL to <29  IU/mL.(13) TAF may 
be a future therapeutic option for MTCT prevention, 
although safety data are limited (pending more data 
in the Antiretroviral Pregnancy Registry). However, it 
is noted that TAF will not receive FDA classification 
because this specific ranking system for drug use in 
pregnancy ended in 2015.(14)

In a multicenter randomized clinical trial, Jourdain 
et al.(15) demonstrated the successful prevention of 
MTCT by administration of the standard dose of 
HBIG and five instead of only three doses of the HBV 
vaccine (at 0, 1, 2, 4, and 6 months of age) in infants 
born to mothers who were HBeAg+. The study did not 
show a significant difference in immunoprophylaxis 
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failure rates between mothers who received placebo 
(n = 147) versus TDF (n = 147) in the third trimester. 
Although this study highlights the effectiveness of a 
more aggressive immunoprophylaxis strategy in pre-
venting perinatal HBV transmission, given the robust 
data on safety of TDF in pregnancy, TDF remains the 
drug of choice to treat CHB and prevent MTCT.(15,16) 
Other studies have explored the potential of ante-
natal administration of multiple low and high doses 
of HBIG to reduce MTCT; however, well-designed 
clinical trials are necessary to compare HBIG versus 
antiviral therapy to draw meaningful conclusions.(17,18)

Expert guidelines recommend several viral markers 
(HBV-DNA, HBeAg) and clinical tests (i.e., alanine 
aminotransferase [ALT], liver histology, or noninva-
sive tests, such as liver stiffness measurement [LSM] 
by transient elastography [TE] or FibroScan) to deter-
mine the need for antiviral treatment and assess liver 
disease progression.(7,19) The key viral marker of HBV 
persistence is the resilient intrahepatic HBV covalently 
closed circular DNA (cccDNA) template. Due to the 
invasive nature of liver biopsy to assess HBV-cccDNA 
levels, there is significant interest in surrogate serum 
biomarkers in CHB.(19) Quantitative HBsAg (qHB-
sAg) levels may be a useful biomarker because it orig-
inates from both HBV-cccDNA (either secreted as 
subviral particles or from the intact virion) and inte-
grated HBV.(20) We and others found that qHBsAg 
could be a surrogate marker for HBV-DNA in women 
who are HBeAg+ during pregnancy. Moreover, a 
cost-effectiveness analysis showed that qHBsAg test-
ing was significantly more cost effective compared to 

HBV-DNA.(21,22) In other studies, no correlation was 
observed between HBV-DNA and qHBsAg.(23,24) 
These conflicting reports may be attributable to the 
data being limited in certain genotypes and the pres-
ence of integrated virus.(25) An interesting study that 
assessed correlation between qHBsAg levels and ver-
tical transmission risk showed that a maternal HBsAg 
level >4.5 log10 IU/mL and a maternal viral load cut-
off approximately 6 log10 IU/mL is associated with a 
higher risk of infant infection, with a sensitivity of 100% 
and specificity of 71%.(26) Given the overall lower risk 
of transmission in patients who are HBeAg−, qHB-
sAg testing for predicting high maternal viremia could 
be performed as a surrogate when HBV-DNA quan-
titation is not possible in mothers who are HBeAg+ 
in resource-limited regions. Additionally, circulating 
HBV-RNA has been proposed as a useful biomarker 
for monitoring response to NA therapy.(27) A strong 
correlation was observed between serum HBV-RNA 
and intrahepatic HBV-cccDNA levels. Our recent 
study found that in pregnant CHB carriers, serum 
HBV-RNA levels correlate with HBeAg, qHBsAg, 
and HBV-DNA and hence could be used as a com-
plementary viral marker in assessing liver disease risk 
in pregnancy.(28) Currently, HBV-DNA is the most 
important viral marker for predicting HBV MTCT 
risk, maternal liver disease progression, and need for 
TDF therapy in pregnancy. Additional studies on 
novel HBV biomarkers and relevant host immuno-
logic markers are needed to evaluate their prognostic 
and diagnostic potential in management of patients 
with CHB in pregnancy and postpartum.

taBle 1. summaRy oF maJoR guiDeline ReCommenDations FoR HBV management in 
pRegnanCy

AASLD 2018(6) EASL 2017(7) APASL 2016(8)

HBV-DNA threshold for treatment >2 × 105 IU/mL (106 copies/mL) or HBsAg >4log 
IU/mL

>2 × 105 IU/mL (106 copies/
mL)

106-107 IU/mL (5 × 106 copies/mL)

Treatment initiation  
gestational age

28-32 weeks 28-32 weeks 28-32 weeks

Preferred drug TDF (LMV or TBV alternative) TDF (LMV or TBV alternative) TDF (LMV or TBV alternative)

Therapy discontinuation At delivery or up to 12 weeks after delivery; 
postpartum ALT monitoring suggested every 
3 months for 6 months

12 weeks after delivery At delivery or 4-12 weeks after 
delivery

Breastfeeding Not contraindicated. Risk of low-level antiviral 
exposure to infants should be discussed with 
mothers

Not contraindicated in 
untreated and TDF-treated 
women

Discouraged while mothers are on 
antiviral therapy

Mode of delivery Cesarean section is not indicated No comment No comment

Abbreviations: AASLD, American Association for the Study of Liver Diseases; APASL, Asian Pacific Association for the Study of the 
Liver; EASL, European Association for the Study of the Liver; TBV, telbivudine.
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FaCtoRs inVolVeD in inFant 
HBV inFeCtion

The dynamic course of CHB infection depends 
on age of infection, route of infection, host immune 
response, and viral factors, including genotypes and 
variants, as discussed below.

age-Dependent immune Response to 
HBV infection

The “immaturity” and/or “immune tolerance” of 
the immune system during infancy was thought to 
be responsible for the weak HBV-specific immune 
response in neonates resulting in CHB. However, 
there is now a paradigm shift and reports suggest-
ing that the immune system of newborns appears 
to be less proinflammatory, which is probably an 
adaption to avoid aggravated immune responses  
in utero.(29,30) Koumbi et al.(31) found HBV core- 
specific and HBsAg-specific T-cell responses in 
vaccinated uninfected infants born to mothers who 
were HBsAg+/HBeAg−, suggesting an in utero viral 
encounter that did not result in overt infection but 
led to priming of HBV-specific immunity. In pre-
clinical studies, livers from young HBV transgenic 
mice produced much lower interleukin (IL)-21 than 
adult mice livers, resulting in a weaker clusters of dif-
ferentiation (CD)8+ T-cell and B-cell response. The 
chemokine (C-X-C motif ) ligand 13 is involved in 
germinal center activity and was expressed in an age- 
dependent manner in both adult mouse and human 
Kupffer cells.(32,33) In a mouse model of HBV infec-
tion, Chou et al.(34) demonstrated the role of gut 
microbiota and innate immunity in modulating HBV 
clearance with 12-week-old mice (carrying wild-type 
toll-like receptor 4) with stable microbiome clear-
ing HBV within 6 weeks of hydrodynamic injection. 
In comparison, 6-week-old mice in which the gut 
microbiota was still developing remained HBsAg+ at  
26 weeks after injection. Antibiotic treatment of mice 
from 6 to 12 weeks of age inhibited HBV clearance. 
Based on preclinical studies, it appears that switch-
ing from an anti-inflammatory to a proinflammatory 
milieu from infancy to adulthood, along with changes 
in the microbiome, impacts progression of CHB. 
Additional studies are needed in HBV-exposed new-
borns and children with CHB to delineate the innate 
and adaptive immune mechanism(s) early on in CHB.

potential modes and Risk Factors for 
HBV mtCt

HBV vertical transmission is the main cause of 
CHB, particularly in HBV-endemic countries that 
lack effective HBV immunization programs. HBV 
MTCT can occur prenatal or intrauterine, natal or 
at the time of birth, and postnatal or postpartum 
(Fig. 1).(35-51) Most HBV infections occur perinatally 
(at birth or soon after) in unvaccinated infants, but 
reports suggest that approximately 3% to 8% of infec-
tions may occur through the intrauterine route.(52) It is 
believed that intrauterine transmission of HBV is the 
most significant contributor to MTCT and immu-
noprophylaxis failure.(49) The potential mechanisms 
involved in MTCT and viral/host factors associated 
with MTCT risk are summarized below.

Role oF HBV pRoteins in mtCt
Maternal HBeAg seropositivity is a significant risk 

factor for MTCT. It is recognized that the HBeAg 
has an immunomodulatory role in virus–host inter-
actions and that early in utero exposure may promote 
chronicity instead of viral clearance.(53) In infants 
infected by MTCT, in utero transfer of maternal 
HBeAg has been shown to be involved in persistence 
of HBV due to immunologic tolerance. Tian et al.(54) 
showed in a mouse model that conditioning of hepatic 
macrophages by maternal HBeAg generates anti- 
inflammatory macrophages following subsequent 
HBeAg exposure, leading to HBV persistence. 
However, in the absence of HBeAg precondition-
ing, macrophages acquire a proinflammatory pheno-
type, leading to HBV clearance by activated CD8+ T 
cells. In pregnant women with viral loads of >3 log10  
copies/mL, functional hepatitis B X protein (HBx) 
produced in HBV-infected placenta cells could acti-
vate phosphoinositide 3-kinase in placenta, which sig-
nals inhibition of apoptosis in placental cells, allowing 
for HBV persistence in trophoblasts.(55) Overall, these 
studies shed light on the immunomodulatory role of 
HBeAg and also how other viral proteins (HBx) can 
impact the risk of MTCT.

mateRnal ViRal loaD anD mtCt
High viral load (>8  log10  copies/mL) is a 

known significant risk factor for MTCT. In an 
Australian study of 313 pregnant women who were 
HBsAg+, it was found that 9% (4/47) of infants of 
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mothers who were HBeAg+ with HBV-DNA >8 log10  
copies/mL were perinatally infected despite appropri-
ate immunoprophylaxis, whereas none of the infants 
born to mothers with viral loads <8 log10 copies/mL  
were infected.(56) A large study of more than a thou-
sand mother–infant pairs from China stratified 
maternal HBV-DNA levels as <6 log10, 7 log10, 7 
to 8 log10, and >8 log10 copies/mL and found that 
the corresponding rates of immunoprophylaxis failure 
were 0%, 3.2%, 6.7%, and 7.6%, respectively.(57) Xu  
et al.(35) found that placental infection occurs progres-
sively through different cellular layers from maternal 
to the fetal side, with the depth of placental tissue 
infection in direct proportion to maternal viral load. 

oCCult Hepatitis B inFeCtion in 
mtCt

The diagnosis of CHB is confirmed by the pres-
ence of HBsAg in serum for >6 months in infected 
infants. However, a covert form of HBV infection, 
occult hepatitis B infection (OBI), has been described. 
OBI is characterized by HBsAg negativity and natural 

immunity (with HBV anti-core and/or antibody to 
HBsAg [anti-HBs]) antibodies, low-level viremia 
within the liver, and serum and extrahepatic reser-
voirs (peripheral blood mononuclear cells [PBMCs] 
or lymphoid system).(58) OBI is implicated in liver 
fibrosis progression and the development of hepato-
cellular carcinoma (HCC).(59) Bai et al.(40) reported 
that 16/60 (27%) infants born to mothers with unde-
tectable serum HBV-DNA but HBV-DNA positiv-
ity in PBMCs became infected with HBV. It should 
be noted, however, that the neonate blood collection 
occurred within 24 hours of birth and prior to admin-
istration of infant immunoprophylaxis. A prospective 
longitudinal study found that 42% of infants born to 
mothers with CHB developed OBI despite HBIG 
and HBV vaccination.(60) Taken together, these data 
imply that vertical transmission of OBI may occur 
despite appropriate immunoprophylaxis.

oBstetRiC FaCtoRs in HBV mtCt
HBV vertical transmission in mothers with viral 

load >7 log10 copies/mL undergoing amniocentesis 

Fig. 1. Summary of proposed modes of HBV MTCT and underlying mechanisms. Abbreviation: ASGPR, asialoglycoprotein receptor.
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has been reported.(61) In another study, it was found 
that infants born to mothers who were HBeAg+ and 
who were delivered vaginally versus by cesarean sec-
tion had a higher rate of CHB.(62) However, because 
appropriate and timely passive-active immunoprophy-
laxis and maternal antiviral therapy will greatly reduce 
the risk of MTCT, the mode of delivery should only 
be determined by obstetric indications.

HBV genome Variability and impact on 
HBV management in pregnancy

The HBV replicates by reverse transcription of an 
RNA intermediate. This reverse transcription is cata-
lyzed by a virus-encoded polymerase that lacks proof-
reading ability, which leads to sequence heterogeneity.(63)

HBV genotypes anD VaRiants
The HBV is classified into eight major HBV gen-

otypes (A-H) worldwide, with a distinct geographic 
distribution, which are identified by approximately 
8% divergence across the HBV full genome.(64,65) 
In a Japanese study, genotype C was correlated with 
increased perinatal transmission rates compared to 
genotype B. However, the increased MTCT risk may 
be due to higher viral loads and HBeAg positivity in 
mothers with HBV genotype C infection.(66) Other 
studies did not find an association between MTCT 
risk and the HBV genotype.(67)

HBV pReCoRe/Basal CoRe pRomoteR 
mutants

HBV variants are selected under host and antiviral 
pressure, producing immune escape and drug resis-
tance variants. HBV precore (PC) or basal core pro-
moter (BCP) mutations introduce a stop codon that 
interferes with HBeAg protein translation without 
affecting viral replication.(68) The HBV PC mutant 
guanine (G) to adenine (A) at nucleotide position 
1896 (G1896A) mutation is implicated in acute liver 
failure, and the dual BCP mutations adenine (A) to 
thymine (T) at nucleotide position 1762/G to A at 
nucleotide position 1764 (A1762T/G1764A) were 
strongly associated with cirrhosis and HCC regardless 
of the HBV genotype.(69-71) Papadakis et al.(72) found 
that in 32 pregnant women who were HBeAg− and 
carrying PC mutant G1896A and HBV-DNA lev-
els of 4 to 5 log10 copies/mL, HBV transplacental 
transmission did not occur, as evidenced by HBV-
DNA negativity in the analyzed placenta tissues. 

Additionally, passive-active immunoprophylaxis fail-
ure was not observed in the infants at 1 year of age. A 
retrospective study from China of 332 mothers with 
CHB compared HBV mutants in mothers with and 
without in utero transmission of HBV. Dual BCP 
mutants were found in mothers who did not transmit 
HBV to their neonates, suggesting a protective role 
in MTCT but also likely related to lower maternal 
viral loads.(73) Our recent study suggests that the pres-
ence of BCP/PC mutants in PBMCs of TDF-treated 
and untreated mothers did not cause an overt HBV 
infection in infants who received complete immu-
noprophylaxis and also did not increase the risk of 
maternal liver disease at 4 years of follow-up.(74) In 
summary, although combined maternal HBeAg posi-
tivity and high viral loads is an established risk factor 
for MTCT, HBV genotype, PC/BCP mutations, and 
risk of immunoprophylaxis failure are not well under-
stood and may be an area of future studies.

Host anD ViRal FaCtoRs in 
HBV immunopRopHylaXis 
FailuRe

Hepatitis B Vaccine-specific Responses 
in infants Born to mothers Who Were 
HBsag+

There are few reports on the long-term efficacy of 
postnatal passive-active HBV vaccination. In a study 
from Taiwan, approximately 16% of the subjects who 
had received the HBV vaccine as infants were found 
to have anti-HBs at 15 years of age.(75) However, the 
study did not assess memory B- or T-cell response 
to the vaccine. Transplacental passage of HBsAg and 
transient HBsAg positivity in infants was associated 
with blunted immune response in infants born to 
mothers who were HBsAg+/HBeAg+.(76) In infants 
born to mothers with HBeAg positivity, increas-
ing the vaccine dose from 10 μg to 20  μg improved 
vaccine immunogenicity.(77) Studies have also shown 
that the HBV vaccine alone is effective in prevent-
ing HBV infection or reactivation in infants born to 
mothers who were HBeAg− compared to passive- 
active prophylaxis with HBIG+ vaccine.(78) These 
studies highlight the importance of administer-
ing HBV vaccine to all newborns of mothers with 
HBsAg positivity regardless of their HBeAg status, 
especially in resource-limited countries. Most studies 
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assessing long-term response to postnatal vaccination 
have focused on anti-HBs response as a measure of 
vaccine immunity. There are few studies analyzing 
T-cell responses in vaccinated uninfected infants 
born to mothers with CHB. In infants who received 
complete immunoprophylaxis, lower amounts of IL-2  
(T helper 1 [Th1] cytokine) secretion in an in vitro 
stimulation assay were associated with vaccine fail-
ure.(79) Interestingly, Koumbi et al.(31) found HBV-
specific T-cell responses in uninfected vaccinated 
infants born to mothers who were HBsAg+/HBeAg−, 
suggesting in utero encounter to HBV antigens. 
Further, they found that this exposure did not impair 
the neonatal B-cell and T-cell vaccine response.

A large multicenter study by Chen et al.(80) of 1,063 
mothers who were HBsAg−/anti-HBs+ and their 
infants showed a strong negative correlation between 
maternal anti-HBs and infant anti-HBs titers in vac-
cinated infants. Further, up to 23% of infants born to 
mothers with protective anti-HBs titers >10 IU/L did 
not respond to the standard vaccination series. These 
findings may have implications regarding the age of 
infancy/childhood vaccination. Some studies support 
these data(81,82); however it was noted by others that, 
despite negative or low anti-HBs levels, HBV-specific 
T-cell responses were found in children 10 years after 
their primary infant vaccination.(83) In 2017, the FDA 
approved a new two-dose HBV vaccine, HEPLISAV 
B (Dynavax Technologies), which consists of CpG-
adjuvanted recombinant HBsAg, for use in adults. 
Although this vaccine was tested in pregnant rats and 
found to be safe, no studies have been conducted in 
pregnant women or infants and may be an area for 
future clinical trials.(84)

In summary, poor vaccine response, vaccine failure, 
and breakthrough HBV infection have been reported 
up to 15 years after adequate infantile immunopro-
phylaxis. Although the evidence is limited, all success-
fully vaccinated infants born to mothers with HBsAg 
positivity (especially HBeAg+) should be followed 
long term (once every 5 years) until adolescence or 
early adulthood. It may also be prudent to provide an 
HBV booster, especially if at risk of ongoing exposure 
to HBsAg+ individuals (close household contacts).

HBV immune escape mutants
The anti-HBV surface antibodies induced by the 

current recombinant vaccine predominantly target 

the hydrophilic region of the major HBsAg protein, 
known as the antigenic determinant (“a” determinant) 
(amino acid residues 124-147). A glycine to argi-
nine substitution (G145R) is the archetypal immune 
escape mutant that markedly reduces the affinity of 
anti-HBs binding and is able to survive despite high 
anti-HBs titers.(65,85) Mutations that affect antigenic-
ity outside of the major “a” determinant region could 
also affect the binding of circulating antibodies. These 
“downstream mutations” could affect the conforma-
tion of the major HBV S antigenic region and bind-
ing of neutralizing antibodies induced by the current 
vaccine.(86,87) Mutations, such as threonine to lysine 
at 118 (T118K), lysine to glutamine at 141 (K141E), 
aspartic acid to glycine at 144 (D144G), cysteine to 
arginine at 147 (C147R), and cysteine to arginine at 
149 (C149R), were reported in association with vac-
cine escape.(88) Overall, these mutants appear to rep-
licate very slowly and have not significantly impacted 
the global immunization programs.(89) Development 
of anti-HBs antibodies requires T cell help. Therefore, 
mutations in CD4+ T-cell epitopes can result in 
immune escape mutations affecting humoral immune 
response.(90) Some of these include threonine to ala-
nine at 23 (T23A), phenylalanine to serine at 20 
(F20S), and phenylalanine to cysteine at 85 (F85C). 
Mutations in CD8+ T-cell epitopes, such as proline 
to serine at 29 (P29S), serine to leucine at 34 (S34L), 
and glutamine to arginine at 181 (Q181R), have also 
been discovered.(91,92)

Ayres et al.(9) found significantly increased viral 
quasi-species diversity in pregnancy despite short 
duration of LMV but not TDF therapy. Our study 
in 21 CHB carriers (5 on TDF) identified minor 
variants at residues associated with vaccine escape, 
drug resistance, and liver disease in pregnancy and/or  
postpartum,(93) but no overt immunoprophylaxis 
failures were reported. It is unclear if vaccine failure 
mutants arise de novo in infants born to mothers who 
are HBsAg+ as a result of host immune response or if 
the mutants are transmitted by mothers and replicate 
in infants. One preliminary study of 4 mother–infant 
pairs with infant immunoprophylaxis failure showed 
low (<10%) amino acid substitutions in the “a” deter-
minant of surface antigen in infants versus mothers  
(P > 0.05), suggesting passage of minor vaccine 
escape mutants from mother to infant.(94) A recent 
report documented that, despite appropriate immu-
noprophylaxis in 44 children of mothers who were 
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HBsAg+, 3/44 infants at 1 year of age showed OBI, 
including 1 child who subsequently developed overt 
(HBsAg+) CHB at 5 to 7 years of follow-up.(95) It 
should be noted that the mothers of children with 
OBI had high (>8 log10 copies/mL) antenatal viral 
loads. A previous randomized controlled trial in 259 
vaccinated infants (n = 128 on HBIG; n = 131 on pla-
cebo) born to mothers with HBeAg+ CHB found that 
42% of infants in the HBIG group developed OBI at  
2 years of age,(60) suggesting that follow-up (every 
5-10 years) HBsAg testing should be considered in 
infants born to mothers who were highly viremic, as 
discussed above.

immune Response and trained 
immunity in neonates With CHB

An important mechanism of HBV persistence 
is from exhaustion of HBV-specific CD8+ T-cell 
responses, whereas robust polyclonal CD4+ and 
CD8+ T-cell responses are associated with HBV 
clearance.(96) Diminished expression of CD3+ T-cell 
receptor zeta chain was associated with functionally 
defective CD8+ T cells producing less interferon-γ 
(IFN-γ) and reduced expression of the cytotoxicity 
marker CD107a in newborns who were HBsAg+  
versus HBsAg− and healthy newborns.(97) Shrivastava 
et al.(98) demonstrated higher prevaccination lev-
els of immature transitional B cells in 12 newborns 
who were HBsAg+ compared with infants who were 
HBsAg− born to mothers who were HBsAg+. The 
frequency of immature transitional B cells declined 
at 12 months after vaccination in newborns who 
were HBsAg+, whereas no changes were observed 
in HBsAg− and uninfected healthy newborns. These 
studies suggest weak T-cell and B-cell responses in 
infants with CHB. More convincing evidence now 
points toward a fully functional T-cell response in 
infants. Serum cytokine profiling from neonates born 
to mothers with CHB revealed a cytokine signature 
compatible with a Th1-like response (high levels of 
IL-12 p40 and low levels of Th2 cytokines IL-4, IL-5, 
IL-13, and IL-10) and a decrease in proinflammatory 
cytokine profile (IL-1β and IL-6). Further, cord blood 
mononuclear cells from neonates who were HBV+ 
showed a stronger response compared to healthy 
controls to an unrelated bacterial challenge. Overall, 
these data suggest that HBV is able to induce “trained 
immunity” rather than a tolerogenic state in these 

infants.(99) This also supports the findings of Tian  
et al.(54) that maternal HBeAg “trains” Kupffer cells 
in utero, leading to HBV persistence, highlighting the 
immunomodulatory role of HBeAg. The concept of 
trained immunity, or priming of innate response by a 
prior pathogen or its components, is well established 
in many other infection and vaccination scenarios 
(Fig. 2).(100-102)

ViRologiC anD BioCHemiCal 
FlaRes in pRegnanCy anD RisK 
oF mateRnal liVeR FiBRosis

Globally, especially in developed countries, more 
women are choosing to have children at an older age 
(>35 years).(103) CHB carriers in the third and fourth 
decades are more likely to transition to HBeAg−/
anti-HBe+ (with undetectable or low HBV-DNA) or 
harbor PC/BCP mutants (with fluctuating levels of 
moderate to high HBV-DNA). In the latter scenario, 
monitoring for liver disease progression is important 
given the recognized risk of HBeAg− CHB in fibrosis 
progression and HCC development.

The clearance of HBV from infected cells is due to 
a complex interplay between different immune effec-
tor cell types. CD4+ T cells secrete cytokines that 
are responsible for development of efficient CD8+ T 
cells, which kill HBV-infected hepatocytes through 
cytolytic and noncytolytic mechanisms. HBV-specific 
CD4+ T cells also prime B cells to produce antibod-
ies that neutralize free virus. However, this antiviral 
response is unsuccessful in patients with CHB.(104) 
Immune-mediated liver injury in HBV infection is 
initiated by antigen nonspecific cells, such as natural 
killer (NK) cells, whereas HBV-specific CD4+ and 
CD8+ T cells are functionally exhausted.(105)

It is unknown if immune changes in pregnancy 
and postpartum impact the natural history of CHB. 
Higher rates of HBeAg loss (and HBsAg clear-
ance) and biochemical-hepatic flares with increased 
ALT levels have been reported, especially during 
early postpartum when immune reconstitution 
occurs.(106-110) Most flares are self-limited and do not 
require therapy, but some can be severe, resulting in 
liver failure.(111,112) The reported rates of ALT flares 
postpartum are variable owing to different definitions 
of ALT flare, patient characteristics, and antiviral 
therapy (Table 2). Studies from our group (N = 138; 
60% Asian, 30% African) and other retrospective 
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studies conducted in the United States and Australia 
(N = ~100; ~80% Asian) have reported hepatic flares 
during late pregnancy and early postpartum, even 
in the absence of antiviral treatment.(106,107,113,114) 
ALT flares are reported to be more common in 
HBeAg+ carriers versus women with HBeAg− CHB. 
Interestingly, a Taiwanese study determined that titers 
of HBeAg <1:650 in women who were HBeAg+ were 
associated with postpartum HBeAg clearance.(115) 
Taken together, biochemical and virologic flares can 
occur in late pregnancy and postpartum in women 
with CHB, potentially increasing fibrosis risk, espe-
cially at an older maternal age and HBeAg− CHB. 
Thus, maternal postnatal monitoring for exacerba-
tions of liver disease is necessary.

immunologiC CHanges in 
tHe peRipaRtum peRioD in 
motHeRs WitH CHB

In pregnancy, immune alterations, such as regula-
tory T-cell (Treg) expansion and a distinct regulation 
of Th1, Th2, and Th17 cytokines, occur to prevent 

fetus rejection. This tolerance is reversed around par-
turition.(116,117) Our data show an increase in Th1 
cytokines, IFN-γ and IL-12, and mild ALT flares 
in pregnant untreated HBeAg− carriers (n  =  26) 
compared to healthy pregnant controls. A signifi-
cant decline in these levels was noted postpartum 
in women with CHB (n  =  12). Despite changes in 
the cytokine milieu in pregnancy versus postpartum, 
we found no impact on liver fibrosis risk, as deter-
mined by LSM using TE (FibroScan) in the peripar-
tum period.(117) Additionally, there was no significant 
change in serum viral load and qHBsAg levels. These 
results suggest inefficient antiviral responses by the 
maternal host immune system that prioritizes elimi-
nation of virus over fetal rejection. Interestingly, levels 
of proinflammatory chemokines (monocyte chemo-
attractant protein 1 and macrophage-derived chemo-
kine) increased postpartum, which might partially 
explain the mild ALT flares noted in our cohort.(118) 
Both larger studies as well as ex vivo characterization 
of immune response using nonpregnant and pregnant 
PBMC samples are necessary to confirm the proposed 
mechanism.

Fig. 2. Schematic representation of immunologic changes in the peripartum period in mothers with CHB and their infants.
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A recent study by Li et al.(119) evaluated cell pro-
portions from PBMCs of women with HBeAg− 
(n  =  23) versus HBeAg+ (n  =  10) CHB alongside 
190 healthy controls and studied their association 
with pregnancy outcomes. Compared to patients 
who were HBeAg−, a higher proportion of CD19+ 
B cells but lower frequency of CD3+CD4+ T cells 
was identified in patients who were HBeAg+. 
Peripheral NK cell inhibition was noted in HBeAg+ 
cases, as evidenced by reduced cytotoxicity against 
target cells, lower expression of activation receptor 
NK group 2, member D (NKG2D), and decreased 
production of cytotoxic molecules (granzyme B and 
perforin). These findings clearly point toward a dif-
ferential immune response in women of childbearing 
age who were HBeAg− versus HBeAg+. No differ-
ences were seen in pregnancy outcomes (clinical 
pregnancy or early miscarriage) in women infected 
with HBV versus controls. Impaired dendritic cell 
function and decreased levels of follicular T cells 
(CD4+C-X-C chemokine receptor type 5+), plasma 
B cells (CD19+CD38+) within PBMCs, and low 
serum IL-21 were found in mothers in association 
with MTCT (n = 22), whereas mothers who did not 
transmit HBV to their infants (n = 28) had a more 
functional immune cell profile (Fig. 2). Interestingly, 
newborns showed transcriptomic imprints of their 
mothers, suggesting that mothers’ immune signa-
tures could be a potential marker for MTCT.(120)

Acute liver failure has been reported during preg-
nancy in CHB.(112,121) It is known that cortisol levels 
peak at term and delivery. A sudden decrease in corti-
sol levels postpartum is thought to have similar effects 
as withdrawal of steroid therapy causing HBV reacti-
vation. There is little understanding regarding mecha-
nisms of acute liver failure in pregnancy in the context 
of hepatitis B. There is some evidence that HBV 
core-specific T cells may be involved(114,122) and hence 
indicate a defective HBV-specific T-cell response in 
the peripartum period. Although there is limited lit-
erature on immune response during the peripartum 
period in CHB, the data show differences in immune 
cell functions during pregnancy versus postpartum 
and also between mothers who were HBeAg+ ver-
sus HBeAg−. Further studies are necessary in a larger 
cohort and, if possible, serially collected samples from 
mothers and infants to clearly understand the dynam-
ics of the host immune response in association with 
HBV flares and MTCT in these groups.

Discussion
Despite the availability of an effective HBV vac-

cine, approximately 10% of children born to mothers 
who are HBsAg+ with high serum HBV-DNA lev-
els (without antiviral therapy) during pregnancy are 
reported to develop CHB. Prior reports of vaccine 
failure may be related to incomplete or nonadherence 
to the recommended immunoprophylaxis schedule. 
The risk of OBI in successfully vaccinated infants is 
unclear.

Pregnancy impacts the host immune system, and 
it is unknown whether patients with CHB in the 
postpartum period are at greater (or lower) risk of 
immune-mediated flares and liver disease (vs. before 
and during pregnancy). The risk of liver fibrosis pro-
gression in pregnant women may also be affected by 
advanced maternal age and the obesity epidemic in 
developed countries.

TDF is the treatment of choice for prevention of 
MTCT. The impact of short-term TDF use in mul-
tiple gestations is unclear because most studies (espe-
cially in China) were conducted in women with single 
pregnancies. Recently, TDF-resistant mutants were 
identified in a treatment-naive Chinese patient with 
CHB.(123) The potential risk of reselection of resistant 
variants by repeat TDF exposure is unknown but pre-
dicted to be extremely rare.

There are evolving data on enhanced prophylaxis 
strategies with the current HBV vaccine, recently 
approved adjuvanted HBV vaccines, novel viral bio-
markers, and new anti-HBV therapies that may have 
future applications in management of HBV in preg-
nancy and prevention of HBV MTCT.
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