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Immunological changes during pregnancy such as suppression of Thl response and induction of Th2 immunity lead to an
impaired immune reaction to HBV and stimulate viral activity along with the reduction of CD8 T cells to escape immune
detection. The impact of pregnancy on the natural course of chronic HBV infection seems to be minimal, while pregnancy
can increase morbidity and mortality in the case of advanced HBV hepatitis or cirrhosis. Importantly, hepatitis flare or
alanine aminotransferase (ALT) flare can occur during pregnancy and is more common during the postpartum period due
to the interaction between HBV and the immune response. Interestingly, the impact of HBV infection on adverse
pregnancy outcomes is more serious than ever thought.
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| 1. Introduction

In the past decades, hepatitis B virus (HBV) infection has been studied extensively. However, the studies of the natural
course of the infection during pregnancy are relatively limited, in spite of the fact that maternal-to-child transmission is the
main transmission in many parts of the world. Moreover, although immunoprophylaxis to prevent vertical transmission has
been widely used, vertical transmission is still a leading cause of high prevalence. In recent decades, immunoprophylaxis
failure has been explored. It has been demonstrated that the number of viral copies is associated with prophylaxis failure,
resulting in a big change in clinical practice, especially antiviral therapy to lower the transmission rate. The mechanism of
transmission is less understood. It might not be as had ever been thought that the main infection is contamination during
labor and delivery. Antenatal placental transmission may be a significant cause of failure of prophylaxis after birth. This
review updates intrauterine transmission. Additionally, several studies suggest that HBV can increase adverse outcomes,
such as intrahepatic cholestasis of pregnancy, gestational diabetes, and preterm birth. Such associations seem to be
related to the activity of the HBV. Finally, pregnancy can modify the natural course of HBV infection, especially flare up of
hepatitis.

| 2. Immunological Effect of HBV Infection
2.1. Immune Response to HBV Infection during Pregnancy

A successful pregnancy needs immune adaptation to avoid fetal allograft rejection. The suppression of Thl response and
induction of Th2 immunity leads to an impaired immune reaction to HBV and stimulates viral activity along with the
reduction of CD8 T cells to escape immune detection, thereby enhancing vertical transmission since CD8 T cells are the
main effector cells responsible for T cell response . Additionally, the pathogenesis during acute HBV infection and viral
clearance is mediated by both noncytolytic and cytolytic effector functions of the CD8 T cells . Other than normal
immune adaptation during pregnancy, HBV-specific T cell epitopes and responses are important factors.

2.2. Fetal Inmune Response

The exposure of the fetus to HBeAg could induce fetal T helper cell tolerance to HBeAg and HBcAg because of the cross
reaction @, increased regulatory T cells, and dysfunctional CD8 T cell. These immune responses were demonstrated in
HBsAg-positive newborns with HBV DNA detected at birth; therefore, the fetus may develop immune-tolerance to HBV
infection in utero (Bl |ong term exposure to HBV and fetal immune-tolerance could be the causes of
immunoprophylaxis failure or persistent infection. However, newborns have a very good response to neonatal vaccination.
This may be due to the fact that the main cause of MTCT is peripartum contamination, rather than in utero exposure. Thus
the prophylaxis has a good effectiveness, while such prophylaxis may be less effective in cases of placental transmission,
occurring long before delivery.



2.3. Effect of Pregnancy on HBV DNA Levels

Some reports suggested that most HBV carriers had stable HBV DNA levels during pregnancy, but increased levels could
be found in 5-13% of cases B8], However, whether the detection rate of new cases or the incidence of HBV infection is
increased or not is still unclear, though theoretically it may be increased because of immune suppression during
pregnancy.

2.4. Acute Hepatitis in Pregnancy

Acute hepatitis can occur during any period of pregnancy and postpartum, especially asymptomatic or non-specific clinical
presentation such as nausea, vomiting, headache, malaise, etc. Individuals with more severe cases may subsequently
develop jaundice or other symptoms of liver failure. HBV, which destroys the liver, does not solely account for the
mechanism of acute hepatitis and the cause of liver necrosis, but immunological response also plays a role [8].

2.5. Chronic Hepatitis in Pregnancy

Chronic hepatitis during pregnancy with respect to disease progression is of less concern because of its complicated
course of progression and the long period required for it to develop clinical symptoms or complications. Therefore, chronic
HBV infection during pregnancy with respect to mother-to-child transmission is the principle concern. However, the
phases of chronic HBV infection for each individual should be kept in mind to stay alert for complications.

2.6. Cirrhosis in Pregnancy

Cirrhosis rarely occurs during pregnancy because most cases of cirrhosis occur beyond women's reproductive age [£.
Another reason is that cirrhosis may cause hypothalamic-pituitary dysfunction, and then anovulation and amenorrhea 1%
would occur. Importantly, however, severe cirrhotic complications that lead to death are more prevalent in pregnant
women with cirrhosis.

2.7. Hepatitis Flare in Pregnancy

Hepatitis flare or ALT flare can occur during pregnancy and the postpartum period due to the interaction between HBV and
the immune response. Because of the suppression of cell-mediated immunity to prevent rejection of the fetus, immune
response with high replication of HBV can occur during pregnancy and postpartum periods. Baseline characteristics such
as HBV DNA levels, baseline ALT, age, HBeAg status, gravida, and parity were not identified as predictors of hepatitis
flares [,

| 3. HBeAg Seroconversion during Pregnancy and Postpartum

HBeAg seroconversion occurs under immune pressure; immune reactivation, which may lead to elevated ALT and liver
inflammation, results in a change in the stage of chronic infection from immune active phase to inactive phase, which
shows clinical remission. Compared with non-pregnant women, HBeAg seroconversion in pregnant women increased
from 2.2% to 14.3% 11 and 12.5% of seroconversion was observed at 1 year postpartum 121,

| 4. Pregnancy Outcomes

Other than vertical transmission risk of HBV, pregnancy outcomes among pregnant women with HBV infection are
typically very good, though adverse pregnancy outcomes resulting from HBV infection have been reported. Many studies
have been conducted to evaluate the association between pregnancy outcomes and HBV infection. Preterm labor,
gestational diabetes mellitus, antepartum hemorrhage, preeclampsia, stillbirth, and miscarriage are some of the

pregnancy outcomes that have been studied, and some reports found associations between these outcomes and HBV
infection [3114],

However, the mechanisms causing these outcomes have not been extensively evaluated. Some suspected mechanisms
were proposed, such as placental inflammation causing placental abruption 22, the role of HBV in induction of insulin
resistance resulting in gestational diabetes mellitus 8, and increased immunotolerance or impaired immune function by
HBV resulting in a protective effect for preeclampsia 4. The possible adverse pregnancy outcomes associated with HBV
infection may be summarized as presented in Table 2.

Table 2. Possible adverse pregnancy outcomes associated with HBV infection.



Relative Risk  Strength of Studies

Adverse Effect Possible Mechanism

* Evidence (Cohort/Meta-Analysis#)
Miscarriage 1 Fair _ Placental Cui et al. 2016 241
inflammation
1 - al Tse et al. 2005 [13]; Cui et al. 2016 [14]; Sirilert et
Preterm birth (in case of Fair " ﬂa‘:ﬁ;"agon al. 2014 [181; Huang et al. 2014 129 # Liu et al.
HBeAg+) 2017 [29
Gestational . ! Induction of insulin Tse et al. 2005 [13]; Sirilert et al. 2014 [18]; Kong
X (in case of Weak . 6]
diabetes resistance et al. 2014 #
HBeAg+)

. . Increased immune 71 [21]
Preeclampsia ! Fair tolerance by HBV Huang et al. 2016 #, Zhang et al. 2020

Placental 1 Weak _ Placental Huang et al. 2014 251 4
abruption inflammation

Fetal growth No change Strong - Sirilert et al. 2014 281 cuyi et al. 2016 14!
restriction

Intrahepatic
cholestasis

Dysregulation of liver

- Zhang et al. 2020 211, Jiang et al. 2020 22 #
function

T Strong

* arbitrary estimation by the authors; t (slightly increased); t1 (obviously increased); ¢ (slightly decreased); # Meta-
analysis.

| 5. Mother-to-Child Transmission (MTCT)

Mother-to-child transmission (MTCT) is one of the largest concerns among pregnancies with HBV infection. Acute HBV
occurring early in the pregnancy has been associated with a 10% perinatal transmission rate 23], Transmission rates
significantly increase if acute infection occurs at or near the time of delivery, with rates as high as 60% reported (241,

The immunoprophylaxis shortly after birth with an HBV vaccine together with HBIG is very effective in prevention of
MTCT. Nevertheless, up to 25-30% of neonates are still infected with HBV because of immunoprophylaxis failure (23,

Transplacental transmission may also play a role in fetal HBV infections. We have demonstrated a significant association
between maternal levels of viral replication and placental and fetal infection, suggesting that transplacental infection prior

to birth may be a mechanism contributing to the higher rates of newborn prophylaxis failure in women with a high viral
load [28],

In prevention of MTCT, in addition to immunoprophylaxis of newborns, antiviral therapy for the mothers with high viral
loads can significantly reduce the risk of MTCT. However, though antiviral therapy is now well accepted for the women at
high risk of MTCT, safety, timely initial drug administration, and discontinuation need to be elucidated. For example,
Bierhoff et al. 21 are conducting a study to evaluate the procedures following early initiation of maternal TDF, before 20
weeks of pregnancy, to determine the effectiveness, safety, and feasibility of this approach in a low-resource setting.

| 6. Conclusions

Immunological changes induced by pregnancy probably modify the natural course of HBV infection and especially tend to
increase hepatitis flare. Growing evidence suggests that placental infection together with hormonal changes caused by
pregnancy may be associated with adverse outcomes, especially ICP, GDM, preeclampsia, and preterm birth, etc.
Regarding MTCT, immunoprophylaxis failure seems to be associated with high maternal HBV DNA levels and HBeAg
positivity. Together with evidence that placental transmission has been consistently demonstrated, in utero infection or
placental transmission may also play a role in immunoprophylaxis failure. Antiviral therapy in case of high HBV DNA levels
can reduce vertical transmission. Several lines of evidence suggest the effectiveness of antiviral therapy in women with
chronic HBV infection with high viral load in addition to hepatitis B immunoglobulin and vaccination for infants.
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