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Abstract

Postpartum elevation of alanine aminotransferase (ALT) in mothers with chronic hepatitis B (CHB) presents a significant clinical
challenge. However, the existing literature demonstrates inconsistencies regarding its incidence and predictors in mothers infected
with the hepatitis B virus (HBV). Recent advancements in antiviral prophylaxis against mother-to-child transmission of HBV and
postpartum cessation of antiviral therapy further complicate this issue. Our literature review, spanning PubMed, and two Chinese-
language databases (CNKI and Wanfang) from 1 January 2000 to 31 December 2023 aimed to consolidate and analyse available data
on the frequency and severity of postpartum ALT flares, identify risk factors, and propose a management algorithm. Data from 23 eli-
gible studies involving 8,077 pregnant women revealed an overall incidence of postpartum ALT elevation: 25.7% for mild cases, 4.4%
for moderate cases, and 1.7% for severe cases. In the subgroup of mothers who were HBeAg-positive and on antiviral prophylaxis for
preventing mother-to-child transmission, postpartum intermediate and severe ALT elevations were reported with pooled rates of
5.9% and 0.8%, respectively. Importantly, none resulted in mortality or necessitated liver transplantation. Identified risk factors for
postpartum ALT flares in mothers with CHB included HBV DNA levels, ALT levels during pregnancy, postpartum cessation of antivi-
ral treatment, and HBeAg status. By leveraging this evidence and recent data on predictors of intermediate or severe postpartum ALT
flares, we propose a risk-stratified algorithm for managing postpartum ALT elevation and selecting therapy in mothers with CHB, tai-
loring different approaches for treatment-naive vs treatment-experienced populations. These recommendations aim to provide
guidance for clinical decision-making and enhance patient outcomes.
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ALT levels in mothers without hepatitis

B infection

Postpartum ALT elevation in healthy mothers has been studied
to varying extents, with evidence suggesting a multifactorial eti-
ology [1]. While ALT elevation is commonly associated with liver
injury [1, 2], its occurrence in some healthy mothers postpartum

Background

Controversies in postpartum ALT elevation
Postpartum elevation of alanine aminotransferase (ALT) in
mothers with chronic hepatitis B (CHB) presents a significant
clinical challenge due to the risk of disease progression and
concerns about hepatic decompensation. However, the existing

literature reveals inconsistencies regarding the frequency, tim-
ing, patterns of elevation, and predictors of ALT flares in moth-
ers who are infected with hepatitis B virus (HBV). Recent
advances in antiviral prophylaxis to prevent mother-to-child
transmission (MTCT) of HBV and the postpartum cessation of
antiviral therapy in mothers without indications for CHB treat-
ment add further complexity. Additionally, postpartum ALT el-
evation has been observed in healthy mothers, complicating
the clinical determination of the threshold for abnormal
ALT levels.

is not fully understood because ALT levels tend to decrease in
the immediate postpartum period and return to pre-pregnancy
levels within a few weeks after delivery in the majority of moth-
ers [3]. Some research suggests that mild ALT elevations are com-
mon during the postpartum period, with reported incidence rates
ranging from 3% to 20% in healthy women. However, severe ele-
vations, defined as levels of >5-10 times the upper limit of nor-
mal (ULN), are less frequent, occurring in ~0.1%-1% of cases [4].
Incidence rates may vary depending on factors such as maternal
age, pre-existing health conditions, gestational age at delivery,
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and mode of delivery. It is important to note that transient mild
postpartum ALT elevation in mothers with or without CHB may
not necessarily indicate liver injury but could instead represent
normal fluctuations in liver enzyme levels.

Adaptive immune response and its impact on
HBV infection

During pregnancy, the immune system undergoes significant
adaptations to protect the fetus, recognized as a semi-allogeneic
entity. This immune modulation involves a shift towards a more
tolerant immune environment, characterized by increased regu-
latory T cells (Tregs) and decreased cytotoxic T-cell activity [5].
These changes help prevent fetal rejection but also influence
liver physiology [6], particularly in women with CHB. The sup-
pression of the immune response during pregnancy can lead to
reduced liver inflammation and viral activity, often resulting in
stable or decreased levels of ALT and HBV DNA [7].

In the postpartum period, the immune system rapidly reverts
to its pre-pregnancy state, which can lead to immune reactiva-
tion. This rebound effect often triggers an increase in immune-
mediated liver inflammation, potentially causing ALT flares and
exacerbation of CHB. Several major changes have been reported,
including a decrease in the number of Treg cells and an increase
in the number of natural killer (NK) cells in the peripheral blood
after delivery [8, 9]. Liver NK cells may cause liver inflammation
through non-antigen-specific mechanisms. Additionally, the
rapid decline in cortisol levels [9] after delivery, especially the en-
hanced HBV-specific T-cell response induced by HBV DNA and
cytokines, is a primary cause of postpartum hepatitis [8, 10].
Therefore, the mechanism of postpartum hepatitis in pregnant
women with hepatitis B is complex. A good understanding of
these immune shifts is crucial for managing CHB in pregnant and
postpartum women, as they are at heightened risk for liver com-
plications during this period.

Challenges in managing ALT elevation in
CHB mothers

Postpartum ALT elevation in mothers with CHB presents several
challenges in understanding and managing the condition, di-
rectly impacting patient outcomes and healthcare delivery. First,
distinguishing between normal postpartum liver transaminase
changes and those indicative of pathological processes, such as
the exacerbation of hepatitis B, can be challenging [11]. As dis-
cussed earlier regarding postpartum changes in ALT levels in
healthy mothers, those with CHB could experience physiological
changes in the postpartum period without hepatitis flares, in-
cluding fluctuations in liver enzyme levels [3]. Second, there is a
lack of high-quality data on the pattern of postpartum ALT eleva-
tion [12]. As a result, the timing of ALT monitoring is unclear.
Determination of the optimal timing for postpartum ALT moni-
toring is essential for the detection of potential exacerbations of
hepatitis B. Furthermore, systematic reviews are lacking on the
frequency of monitoring and the duration of postpartum follow-
up that is needed to detect significant changes reliably. Third,
the dynamic changes in hormonal levels during pregnancy and
postpartum and their impact on liver enzyme levels have not
been fully explored [13, 14]. These changes could also potentially
affect the course of hepatitis B. Understanding the interplay be-
tween hormonal changes and HBV activity is critical but remains
an area of ongoing research [8]. Lastly, the long-term implica-
tions of postpartum ALT elevation in mothers with hepatitis B,
for both maternal health and the risk of disease progression, are
not well understood [15]. Long-term data are lacking on the im-
pact of postpartum liver function changes on the natural history

of hepatitis B and the development of liver-related complica-
tions, such as fibrosis and cirrhosis, or cancer risk over time [16].

Current postpartum management strategies

Since MTCT remains the primary global route for new HBV infec-
tions, efforts toward HBV elimination by 2030, as proposed by the
World Health Organization, focus largely on reducing vertical
transmission. Strategies include universal infant vaccination, ad-
ministration of hepatitis B immune globulin to newborns of HBV-
infected mothers, and updated guidelines for antiviral treatment
during pregnancy [17, 18]. However, the complexity of postpar-
tum ALT elevation is heightened by recent advancements in anti-
viral therapy for preventing MTCT of HBV, as some mothers have
experienced hepatitis flares upon cessation of therapy after de-
livery [19-21].

Despite advances in preventing MTCT of HBV [22, 23], limited
understanding persists regarding the prevalence and manage-
ment of postpartum ALT elevation in HBV-infected pregnant
women [24-26]. Recent literature presents divergent recommen-
dations regarding the management of postpartum ALT elevation
in HBV-infected women. Some recommend antiviral therapy for
postpartum ALT levels that are at least five times the ULN, while
others suggest that postpartum hepatitis in HBV-infected women
tends to be self-limiting and does not require medical interven-
tion [2, 27-30]. Most studies emphasize close monitoring of post-
partum ALT in HBV-infected women and suggest intervention
when necessary [2, 4, 27-32], but detailed methodologies are
lacking. Hence, there is an urgent need to consolidate and sum-
marize clinical management recommendations for postpartum
ALT elevation in HBV-infected pregnant women.

Currently, no optimal management strategies have been pro-
posed by international professional guidelines or World Health
Organization guidelines regarding postpartum ALT elevation or
hepatitis B flares in mothers with CHB [17, 24-26]. Current global
guidelines recommend close monitoring of maternal ALT levels
until 6 months postpartum[17, 24, 26], applying treatment stand-
ards that are similar to those for regular HBV patients[33, 34],
without offering explicit recommendations for addressing post-
partum ALT elevation in pregnant women with altered immune
status [24-26]. Although the exact mechanisms that trigger post-
partum ALT elevation remain elusive, most studies suggest a
connection to the restoration of immune tolerance post-delivery
[8, 35]—a phenomenon that may persist for up to a year after
childbirth [8, 31, 35-37]. Therefore, HBV-infected women who are
experiencing postpartum ALT elevation may require extended
monitoring and even intervention if significant flares occur
[36-38].

Objective of the review

The establishment of optimal strategies requires interdisciplin-
ary collaboration between hepatologists, obstetricians, pediatri-
cians, and researchers to improve our understanding of
postpartum ALT elevation in mothers with hepatitis B and to de-
velop evidence-based management approaches that are tailored
to this population [39]. Therefore, we conducted the current com-
prehensive literature review to provide a summary of the evi-
dence and updated insights into managing postpartum ALT
flares. We anticipate that this review will assist clinicians in
making balanced decisions between the need to control maternal
disease activity and minimizing potential harm to the infant, par-
ticularly during breastfeeding. By drawing upon the available evi-
dence, an algorithm for managing postpartum ALT elevation and
hepatitis B flares is proposed for mothers with CHB.
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Data selection process
Definitions

To clarify the discussion, the authors employed the following
definitions for postpartum hepatitis B flares in CHB mothers
without hepatic decompensation: (i) mild ALT elevation, defined
as ALT levels above the ULN but less than five times the ULN;
(ii) hepatitis B flare, defined as ALT elevation at levels equal to or
above five times the ULN but less than 10 times the ULN; and
(iii) severe hepatitis B flare, defined as ALT elevation at levels
equal to or above 10 times the ULN. Mothers who exhibit clinical
features of hepatic decompensation should be referred to a liver
transplant center or an institution with liver experts available for
management. The scope of our review does not encompass the
management of decompensated patients.

Database and literature selection

The literature search encompassed PubMed and two Chinese-
language databases (CNKI and Wanfang) from 1 January 2000 to
31 December 2023, seeking publications in English or Chinese
(Figure 1). Keywords such as “Chronic Hepatitis B,” “
Period,” “Alanine Transaminase,” “ALT Elevation,
Flare Up,” “

Postpartum
” “Symptom
Abnormal Liver Function,” and “HBV” were utilized to

identify relevant publications based on the following criteria:
(i) inclusion of pregnant women diagnosed with hepatitis B;
(ii) investigation focusing on postpartum alanine transaminase
or hepatitis flare; and (iii) reporting of clinically relevant out-
comes. Studies were excluded if (i) mothers had co-infection with
hepatitis A, C, D, E viruses, autoimmune hepatitis, or human im-
munodeficiency virus; (ii) mothers had pregnancy-specific liver
diseases, particularly acute fatty liver of pregnancy, gestational
diabetes mellitus, pregnancy-induced hypertension, intrahepatic
cholestasis of pregnancy, or HELLP (hemolysis, elevated liver
enzymes, low platelets) syndrome; (iii) patients had liver cirrhosis
or hepatocellular carcinoma; (iv) the study involved animal
studies or translational research; (v) publications were reviews,
meta-analyses, or case reports; or (vi) studies in which antiviral
treatment during pregnancy was unclear.

Data search process

The literature search was conducted by three authors (Y.G., G.Q.,
and H.D.). Each author independently generated a list of eligible
studies based on the screening of titles and abstracts, and
independently extracted data from the selected publications.
The first author (S.0.Y.) and the fourth author (Y.D.) verified the
data screening and extraction. Any disagreements regarding data

1,389 articles identified through database
searches

335 PubMed

365 CNKI

689 Wanfang

Identification

4 articles identified via manual searching of
references

249 duplicates removed

Screening

1,144 articles identified for title and abstract

screening

1077 did not meet inclusion criteria

67 identified for full-text screening

Eligibility

Included

44 excluded
25 reviews
7 other guidances
4 mechanisms

2 commentaries

1 editorial

1 expert opinion

4 lack of clarity on the study
population

23 studies original articles of predictors

Figure 1. Data search and selection process. The literature search encompassed PubMed and two Chinese-language databases (CNKI and Wanfang)
from 1 January 2000 to 31 December 2023, seeking publications in English or Chinese. Based on the pre-specified search term, relevant articles (n =
1,389) were identified initially. Among these articles, 23 met the eligibility criteria and were included in the current review. CNKI = China National

Knowledge Infrastructure.
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selection or extraction were resolved through discussions with
the corresponding author (C.Q.P.). Discrepancies in study selec-
tions were ultimately resolved by group consensus. The
extracted literature primarily included information such as the
date of publication, article types, study centers, patient popula-
tion, study design, sample size, treatment regimens before hepa-
titis flare, study period, risk factors for hepatitis flares, the
occurrence of complications, treatment methodologies before
and after delivery, the incidence of postpartum hepatitis flares,
the timing of postpartum ALT elevation, the severity of the ALT
flares, study conclusions, and study implications.

Data review and outcome of interest

This review focused on three primary outcomes: (i) the incidence
of ALT elevation and hepatitis flares, (ii) the severity of ALT ele-
vation or hepatitis flares, and (iii) the risk factors associated with
ALT elevation or hepatitis flares. The current review categorized
data into two distinct groups based on the intervention during
pregnancy: (i) non-antiretroviral therapy during pregnancy and
(ii) antiviral therapy during pregnancy. Following a thorough lit-
erature review and data analysis, the authors proposed a man-
agement algorithm for these patients based on the available data
and evidence.

Literature reviews
Characteristics of the studies selected

Based on the search term, initially, 1,389 relevant articles were
identified. Among these articles, 23 met the eligibility criteria and
were included (Figure 1). The majority of studies were conducted
in China (20/23) and the remaining articles originated from the
USA (2 articles) and Greece (1 article). Twelve of the included
studies were retrospective and 11 were prospective. Among the
8,077 mothers who were included in these 23 publications, the
average age ranged from 27 to 33years, with a mean age of
29.3years. Among them, 3,650 mothers received antiviral treat-
ment during pregnancy whereas 4,427 mothers did not receive
any treatment. Twelve studies focused on HBeAg (+) pregnant
women, whereas only two studies focused solely on HBeAg (—)
patients. Nine studies included both HBeAg (+) and HBeAg (-)
patients, with HBeAg (+) patients representing 8.0%-98% of
cases; among them, three studies had >50% HBeAg (+) patients.
Two studies did not specify the HBeAg status. A summary of the
characteristics of the included articles and patient demographics
is presented in Supplementary Table S1.

Incidence of postpartum ALT elevations

The frequency of postpartum elevations in ALT levels varied
across reviewed studies, encompassing mild, moderate, and se-
vere elevations. Reported incidences ranged from 4.2% to 47.3%
for mild elevations, 3.5% to 32.5% for moderate elevations, and
0.8% to 1.7% for severe elevations (Table 1). The pooling of data
from 23 studies revealed an overall incidence of ALT elevation of
25.7% (2,124 out of 8,279) for mild cases, 4.4% (181 out of 4,143)
for moderate cases, and 1.7% (70 out of 4,143) for severe cases.
Notably, none of the studies reported instances of mortality or
necessitated liver transplantation.

It is noteworthy that the majority of studies (82.6%, 19 out of
23) defined the ULN ALT as 40 U/L (Supplementary Table S1).
However, the threshold for ALT elevation that was indicative of
hepatitis B flare varied among the studies, ranging from one time
to five times above the ULN. Additionally, subgroups that were
based on the HBeAg status or antiviral treatment status of
patients during pregnancy exhibited differing incidences and

severities of ALT elevation. Consequently, we stratified
patients according to HBeAg status and antiviral treatment sta-
tus during pregnancy for further examination and summarized
data (Table 2).

Postpartum ALT elevation in treatment-
naive mothers

A total of 4,427 treatment-naive patients were involved in 9 out
of 23 studies [4, 30, 32, 40-45]. The pooled incidences of postpar-
tum ALT elevation were 23.8% (1,054 out of 4,427) for mild cases,
3.3% (145 out of 4,427) for moderate cases, and 1.5% (65 out of
4,427) for severe cases. When stratifying by HBeAg status, the
pooled incidences of postpartum ALT elevation in HBeAg-
positive mothers vs HBeAg-negative mothers were 52.5% (348 out
of 663) vs 13.1% (35 out of 267), P<0.001. All treatment-naive
patients with available HBeAg status were reported to have a
mild elevation of ALT if the event occurred after delivery
(Table 2). HBeAg-positive mothers had an odds ratio of 7.2 [95%
confidence interval (CI), 5.0-10.8] when compared with HBeAg-
negative mothers for the development of postpartum ALT eleva-
tion. However, in a study by Yi et al. [4] that enrolled 3,367
treatment-naive HBsAg-positive mothers without specified
HBeAg status, the incidences of postpartum ALT moderate and
severe elevation were reported in 3.5% and 1.7% of mothers, re-
spectively [4]. This large study observed that the significant ALT
events in treatment-naive mothers were <4% regardless of
HBeAg status. In comparison, there was one study that enrolled
healthy pregnant women and reported on the incidence of
mild, moderate, and severe postpartum ALT elevations in 19.1%,
1.2%, and 0.1% of healthy mothers without HBV infection,
respectively. However, the risk factors for these events were not
fully explored.

Regarding the peak, patterns, and duration of postpartum ALT
elevations in treatment-naive mothers, these nine articles point
to some directions of the elevation occurring mainly within
12weeks postpartum despite the findings being inconsistent
[4, 30, 32, 40-45]. In addition, fewer studies discussed the fre-
quency, timing, and duration of monitoring in these mothers, al-
though all suggested antiviral therapy as needed. The data on
the peak time and patterns of postpartum ALT elevation were
very limited due to the different study durations and monitoring
schedules, which varied from within 6 weeks to 1 year postpar-
tum for the duration and blood tests every 4 to 24 weeks for mon-
itoring. In HBeAg-positive mothers, a retrospective study in
China observed a significantly higher incidence of ALT elevation
(serum levels >40 U/L) within 42 days when compared with that
at 7months after delivery [25.5% (26/102) vs 2.1% (2/95),
P <0.001] [43]. Similar findings were noted in a prospective cohort
study by Li et al. [20], showing an ALT elevation rate of 28.1%
(27/96) within 12 weeks postpartum. Remarkably, a study by
Quan et al. in China [32] reported a considerably high rate of post-
partum ALT abnormalities that reached 70.6% (the majority were
less than five times the ULN defined as 40 U/mL) within 6 weeks
postpartum (at the end of the study) in this subgroup of mothers.

Similar findings on the onset time frame of ALT elevation or
hepatitis flares were observed in studies that enrolled HBeAg-
negative treatment-naive mothers. Elefsiniotis et al. [30] in
Greece followed mothers every 3 months during the first year af-
ter delivery and every 6 months a year after. They reported an in-
cidence rate of 29.6% (8/27) ALT elevation, mainly within the first
12 weeks after delivery; however, the sample size was small. In a
large study by Yi et al. [4] on 3,367 HBsAg-positive Chinese moth-
ers without antiviral therapy during pregnancy, mothers were
followed up to 16 weeks postpartum and presented with 20.4%
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Table 1. Pooled data on the incidence, severity, and timing of postpartum ALT flares

Subgroup patients with ALT elevation Number of ALT Incidence of Liver Detected time
studies/total elevation/all ALT elevation =~ decompensation postpartum
reviewed (n/N) patients (n/N) [%, (95% CI)] or death (weeks)
Treatment-naive mothers
Mild elevation in HBeAg (+) [32, 40-43] 5/23 314/663 47.3 (43.5-51.5) 0 6-48
Mild elevation in HBeAg (-) [30, 44] 2/23 35/267 13.1(9.1-17.1) 0 4-12
Mild elevation, unspecified HBeAg [4, 45] 2/23 705/3497 20.2 (18.9-21.5) 0 0-24
Moderate elevation in HBeAg (+) [32] 1/23 27/170 15.3(9.9-20.7) 0 6
Moderate elevation in HBeAg (-) 0/23 N/A N/A N/A N/A
Moderate elevation, unspecified HBeAg [4] 1/23 118/3367 3.5(2.8-4.1) 0 16
Severe elevation in HBeAg (+) [32] 1/23 7/170 4.1(1.1-7.1) 0 6
Severe elevation in HBeAg (-) 0/23 N/A N/A N/A N/A
Severe elevation, unspecified HBeAg [4] 1/23 58/3367 1.7 (1.3-2.1) 0 16
ALT elevation without specified severity 0/23 N/A N/A N/A N/A
Mothers received antiviral prophylaxis for preventing MTCT during pregnancy®
Mild ALT elevation in HBeAg (+) 10/23 783/2364 33.1(31.2-35.0) 0 6-52
Mild ALT elevation in HBeAg (-) 0/23 N/A N/A N/A N/A
Mild ALT elevation, unspecified HBeAg [29, 46, 50-53] 6/23 276/878 31.4 (28.3-34.5) 0 6-48
Moderate ALT elevation in HBeAg (+) [32, 42] 2/23 36/606 5.9 (4.0-7.8) 0 6-42
Moderate ALT elevation in HBeAg (-) 0/23 N/A N/A N/A N/A
Moderate ALT elevation, unspecified HBeAg 0/23 N/A N/A N/A N/A
Severe ALT elevation in HBeAg (+) [32, 42] 2/23 5/606 0.8 (0.1-1.5) 0 6-42
Severe ALT elevation in HBeAg (-) 0/23 N/A N/A N/A N/A
Severe ALT elevation, unspecified HBeAg 0/23 N/A N/A N/A N/A
ALT elevation with no definition of severity 0/23 N/A N/A N/A N/A
Mother receiving antiviral therapy for therapeutic purposes during pregnancy
Mild ALT elevation in HBeAg (+) [41] 1/23 2/48 42 (-1.5t09.9) 0 0-24
Mild ALT elevation in HBeAg (-) 0/23 N/A N/A N/A N/A
Mild ALT elevation, unspecified HBeAg [54] 1/23 9/562 1.6 (0.6-2.6) 0 28

@ In this group, 92% of pregnant women took oral antiviral drugs solo for the purpose of preventing MTCT.
MTCT = mother-to-child transmission, ALT = alanine aminotransferase, N/A = data not available, HBeAg = hepatitis B e-antigen, CI = confidence interval.

Table 2. Comparison of postpartum ALT elevation at different time points of antiviral cessation

Author Time points Post-delivery Definition Patterns Incidence of P-value Suggestion
(published year) of antiviral follow-up of ALT flares (peak) postpartum of antiviral
cessation ALT flares, cessation
n/N (%)
Feng (2023) [50] pp 12 wks 96 wks ALT > ULN (40 U/L) 24 wks 37/65 (56.9) 0.045 pp 18 months
Vs pp 96 wks Vs 26/66 (39.4)
Li (2023) [20] Atbirth 24 wks ALT>2x ULN (80 U/L) 12 wks 31/131 (23.7) 0.738 N/A
Vs pp 6 wks vs 9/37 (24.3)
Li(2021) [48]  Atbirth 24 wks ALT>2 x ULN (80 U/L) 12 wks 9/35 (25.7) >0.05 birth
vs pp 12 wks vs 8/31 (25.8)
Peng (2019) [47] Atbirth 24 wks after ALT > ULN (40 U/L) 24 wks after 22/50 (44.0) 0.251 birth
vs pp4-12 wks  discontinuation discontinuation  vs 23/41 (51.6)

ALT = alanine aminotransferase, ULN = upper limit of normal, pp = postpartum, wk = week, N/A = data not available.

(825/3,367), 3.5% (118/3,367), and 1.7% (58/3,367) of mild, moder-
ate, and severe ALT elevation, respectively (Table 2). Although
the incidence of ALT elevation might be overestimated for
HBeAg-negative patients, as the study was retrospective and
without specified HBeAg status (but 1,439/3,367 of CHB patients
had undetectable HBV DNA and were likely to have been HBeAg-
negative), the investigators observed that postpartum ALT eleva-
tions exhibited a bimodal pattern, peaking at 3—-4 and 9-12 weeks
postpartum, which was similar to that presented in HBeAg-
positive patients.

Predictors for postpartum ALT flare in treatment-
naive mothers

Among the 23 articles that were reviewed, 11 [4, 20, 30, 32, 40-43,
45-47] analysed risk factors for postpartum ALT elevation in
treatment-naive mothers (Table 3). The independent risk factors
were identified in five studies [4, 30, 32, 40, 41] through

multivariate analyses, which included low levels of HBeAg, eleva-
tion of ALT, HBV DNA of >10,000 IU/mL, and high levels of HBcAb
during pregnancy.

Postpartum flares in mothers with antiviral
prophylaxis during pregnancy

A total of 3,848 patients were included in 16 out of 23 related
articles [19-21, 29, 32, 37, 40, 42, 46-53] that investigated antiviral
prophylaxis for the prevention of MTCT during pregnancy. The
incidence of postpartum ALT elevation ranged from 15.8% to 60%
within 52 weeks postpartum (Supplementary Table S1). Among
HBeAg-positive mothers who received antiviral prophylaxis for
the prevention of MTCT, 33.1% of them had postpartum mild
ALT elevation in the pooled analysis of 10 studies [19-21, 32, 37,
40, 42, 47-49]. The occurrences of postpartum moderate and se-
vere ALT elevations were only reported in two studies [32, 42]
that enrolled HBeAg-positive mothers on antiviral prophylaxis
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Table 3. Independent risk factors reported by studies for postpartum ALT elevations

Predictors categorized by severity

Independent predictors, OR (95% CI)

Factors not found to be associated with
ALT flares

Treatment-naive mothers
Mild ALT elevation

Moderate ALT elevation
Severe ALT elevation

Non-specified on the severity
Treatment-experienced mothers

i) HBeAg {OR 0.19 (0.01-0.47) [40]}
ii) HBV DNA > 4.0 log; IU/mL {OR 57.02 (N/A) [41]}
iii) ALT elevation during pregnancy {OR 1.07 (1.04-1.10)
[32]; OR 266.40 (77.32-917.81) [30]}
iv) HBCAD {OR 1.21 (1.10-1.34) [32]}
i) Elevated ALT in pregnancy (N/A) [4]

ii) HBV DNA > 5.0 log10 IU/mL, (N/A) [4]
i) Elevated ALT in pregnancy, (N/A) [4]
if) HBV DNA > 5.0 log10 IU/mL, (N/A) [4]
N/A

i) Maternal age [43, 46, 47]
iii) ALT during pregnancy [42, 43]
iv) HBeAg [42, 43, 45]

)
v) HBV DNA [20, 42, 43, 45]

i) Mode of delivery [20, 42, 43]
)

i) Mode of delivery [19, 20, 42, 48]
i) Maternal age [19, 20, 42, 48]

)
iv) HBV DNA level before delivery [20, 48]
)

v) Cessation of antiviral therapy after de-

livery [54]
vi) ALT [52]
vii) HBeAg [42]

iii) Antiviral therapy during pregnancy [20]

Mild ALT elevation i) HBeAg: OR 4.22 (1.25-8.27) [50]; OR 0.19 (0.07-0.47)
[40]; OR 1.00 (1.00-1.01) [21, 46]; OR 0.26 (0.08-0.88)
[52]; OR 2.55 (1.04-6.20) [29]; OR 2.13 (1.01-3.22) [46]
ii) ALT elevation in pregnancy: OR 5.03 (1.24-20.44) [50];
OR 1.05 (1.02-1.07) [40]; OR 1.09 (1.02-1.16) [51]; OR
1.05 (1.01-1.08) [21]; OR 1.04 (1.02-1.05) [48]; OR 4.42
(1.2-15.7) [41]; OR 1.03 (1.04-1.10) [32]; OR 1.03 (1.00-
1.06) [42]
iil) Postpartum HBeAg drop > 50% compared to baseline:
OR 3.58 (1.39-9.19) [50]
iv) HBcAb: OR 1.21 (1.10-1.30) [32]
v) HBV DNA: OR 2.35 (1.10-5.00) [54]; OR 1.72 (1.39-2.26)
[49]; OR 1.89 (1.40-2.50) [19]
vi) Age: OR 0.87 (0.76-0.96) [21]; OR 0.91 (0.85-0.97) [29]
vil) GDM: OR 0.32 (0.10-0.70) [52]
viii) IL-10: OR 10.89 (1.20-100.20) [37]
ix) Gestational age to start antiviral: OR 0.68 (0.22-1.56)
[53]; OR 1.22 (1.05-1.43) [46]
x) Anti-HBV therapy: OR 0.36 (0.21-0.60) [32]
xi) Continuous TDF treatment: OR 0.31 (0.13-0.74) [50]
xii) TBIL: OR 0.84 (0.76-0.94) [32]
xifi) ALB:OR 0.91 (0.83-0.99) [40]
xiv) PLT: OR 0.99 (0.99-1.00) [40]
xv) NE%: OR 0.98 (0.97-0.99) [40]
Moderate ALT elevation N/A
Severe ALT elevation N/A
Non-specified on the severity N/A

ALT = alanine aminotransferase, N/A = date not available, TDF = tenofovir disoproxil fumarate, GDM = gestational diabetes mellitus, TBIL = total bilirubin, ALB =
albumin, PLT = platelet, NE = neutrophilic granulocyte, HBeAg = hepatitis B e-antigen.

for the prevention of MTCT with pooled rates of 5.9% and 0.8%,
respectively (Table 1). Six studies [30, 46, 50-53] enrolled mothers
without specifying HBeAg status and reported only mild postpar-
tum ALT elevation of 31.4% of mothers in pooled analysis. In this
subgroup, data were not available from a well-defined HBeAg-
negative cohort on antiviral treatment during pregnancy. Hence,
pooled analysis was not performed for comparison based on
HBeAg status. Similarly, mothers who received antiviral treat-
ment during pregnancy did not experience postpartum mortality
or liver decompensation, mirroring outcomes observed in moth-
ers without such treatment.

Impact of antiviral cessation on postpartum

ALT elevation

Regarding the patterns of postpartum ALT elevation in this sub-
group of mothers who were receiving antiviral for the prevention
of MTCT, investigators might discontinue treatment after
12 weeks postpartum, as per international professional guide-
lines. The incidences of ALT elevation were reported to be ~50%
in this subgroup [32, 37, 40, 47, 50, 51, 53]. The inconsistency of
findings among studies (from 15.8% to 60%) could be due to var-
iations in sample sizes, the definition of ALT abnormality, and
the frequency of monitoring [19, 20, 49]. The majority of studies
described postpartum ALT elevation within 6-12 weeks despite

the coverage of antiviral treatment of <12 weeks postpartum in
this subgroup of mothers. In mothers who did not indicate antivi-
ral therapy after delivery, several studies [20, 47, 48, 50] com-
pared the incidences of postpartum ALT elevation among
cohorts of patients who discontinued antiviral treatment at dif-
ferent time points after delivery (Table 2). According to the data,
the timing of antiviral cessation did not have a major impact on
the significant levels of postpartum ALT elevation.

Postpartum ALT flares in mothers on antiviral
treatment throughout pregnancy
Two studies described CHB mothers with antiviral treatment for
maternal disease throughout pregnancy, enrolling HBeAg-
positive mothers and non-specified HBeAg status in each of them
[4, 30, 32, 40, 41]. All mothers continued the treatment during the
postpartum study periods. Only mild ALT elevation with inci-
dence of 4.2% and 1.6% was observed in HBeAg-positive and
HBeAg unclassified mothers, respectively. However, there were
no data available regarding the peak time and patterns of on-
treatment ALT elevation due to the low frequency of the events.
For mothers who received antiviral treatment throughout
pregnancy as indicated by active chronic hepatitis B and antici-
pated long-term treatment after delivery, the frequency of post-
partum ALT elevation on antiviral treatment (on-treatment ALT
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flare) was lower than that for mothers who received antiviral
prophylaxis for MTCT and discontinued the therapy postpartum
(ranging from 15.8% to 60%) [32, 37, 40, 47, 50, 51, 53], highlight-
ing the increased frequency of mild postpartum ALT elevation af-
ter antiviral cessation.

Predictors for postpartum ALT flare in antiviral-
treated mothers

Among mothers who received antiviral therapy during preg-
nancy, independent factors were investigated in 17 out of 23
studies [19-21, 29, 32, 37, 40-42, 46, 48-54] reviewed. In addition
to the risk factors found in treatment-naive mothers, the
following independent predictors were proposed in mothers who
received antiviral therapy during pregnancy: postpartum HBeAg-
level reduction of >50% of the levels at baseline before antiviral
treatment, older age, history of gestational diabetes, high serum
levels of IL-10, low levels of total bilirubin, low levels of albumin,
low platelet counts, and the cessation of antiviral therapy after
delivery (Table 3).

The conflicting findings regarding the role of HBeAg status or
levels as an independent predictor of postpartum ALT elevation
present divergent perspectives across different studies. Kushner
et al. [55] conducted a retrospective analysis that involved 310
pregnant African women who received antiviral therapy before
or during pregnancy, identifying HBeAg positivity as an indepen-
dent risk factor for postpartum ALT elevation. Similarly, Zhou
et al. in China [46], through a retrospective study of 103 pregnant
women who were receiving antiviral therapy during pregnancy,
observed that higher baseline e-antigen titers during pregnancy
were associated with ALT elevation at 6weeks postpartum.
Conversely, several other studies that were conducted in China
presented contrasting results, suggesting that low HBeAg levels
(<3.1loglU/mL) at delivery [21] or low HBeAg titer (< 258 S/CO) at
the time of discontinuing antiviral drugs after delivery [40, 53]
were independent factors that influenced postpartum ALT eleva-
tion. It is important to note that these discrepant conclusions
arise from variations in the timing of HBeAg-level assessments,
ranging from the early trimester during pregnancy to a few
weeks after delivery.

Management strategies proposed by
association guidelines

A comparison of the latest international guidelines reveals that
risk factors for postpartum hepatitis activity and ALT elevation
differ (Table 4). The APASL (2022) guideline proposes that discon-
tinuation of antiviral therapy and youthfulness in the population
receiving antiviral therapy for hepatitis B before conception are
risk factors [25], aligning with the conclusions of AASLD (2018)
guideline [56]. Additionally, in the treatment-naive population,
HBeAg positivity is identified as a risk factor for postpartum ALT
abnormalities. However, the EASL (2017) guideline does not men-
tion risk factors for postpartum hepatitis activity and ALT eleva-
tion [26]. Among the 23 articles that we reviewed, 8 articles
suggested that the risk factors for postpartum ALT elevation re-
lated to HBeAg status or levels, five articles focused on HBV DNA
titers, and only one article each discussed HBcAb, gestational di-
abetes, parity, and serum IL-10 levels. Fourteen articles proposed
higher levels of ALT during pregnancy as a risk factor for postpar-
tum ALT elevation, which was not mentioned in the aforemen-
tioned international guidelines. Hence, in addition to the need for
reconfirmation of indicators such as HBV DNA and HBeAg, there
is a greater need for higher-quality studies that explore the im-
pact of ALT levels during pregnancy on predicting postpartum

ALT elevation. Consideration of this indicator in the updated
guidelines is crucial [25, 26, 56].

Major guidelines concerning the postpartum management
strategy for women with CHB emphasize the need for close moni-
toring of HBV markers and liver function [25, 26, 56]. However,
the frequency and timing of monitoring vary across guidelines
[25, 26, 56]. The APASL (2022) guideline suggests monitoring for
treatment-naive mothers or those who received antiviral therapy
only for the prevention of MTCT until 24 weeks postpartum [25].
If severe ALT flare occurs, then antiviral treatment should be ad-
ministered. This approach aligns with the management scheme
for all mothers with CHB as proposed by the AASLD (2018) guide-
line but does not specify the frequency of follow-ups [56].
However, the AASLD (2018) guideline recommends follow-up fre-
quency for mothers with CHB: monitoring hepatitis B status ev-
ery 3months for 24 weeks postpartum, consistently with the
China (2023) guideline for the management of CHB [57]. The
Chinese guidelines additionally propose the initiation of antiviral
treatment if the ALT is at least five times the ULN or if hepatitis B
activity is present—a point that is not addressed by the AASLD
(2018) guideline [56, 57]. The postpartum management schemes
for hepatitis B-infected pregnant women proposed by these
guidelines lack consensus and specificity for different pregnancy
statuses [25, 26, 56]. In this review, out of 23 articles, only 2
articles provided specific management recommendations for
postpartum ALT elevation in hepatitis B-infected pregnant
women who received antiviral treatment during pregnancy.

It is widely acknowledged that regular follow-up visits for hep-
atitis B-infected pregnant women should extend until 24 weeks
postpartum [25, 56]. Mild elevations in ALT levels usually require
rest and do not necessitate specific intervention, whereas moder-
ate or severe elevations may warrant antiviral therapy [25, 26,
56]. However, studies have indicated instances of ALT abnormali-
ties persisting for <1 year postpartum [50, 58], suggesting the
need for a potential extension of follow-up duration in guide-
lines. Although guidelines attribute mild ALT elevation in post-
partum women to immune and hormonal changes, they do not
specify the range of elevated normal values [25, 26, 56]. Thus,
there is a need for a comparative analysis between postpartum
ALT levels in hepatitis B-infected and healthy pregnant women
to draw more scientifically grounded conclusions. The current
recommendations regarding the frequency of postpartum ALT
follow-ups in major guidelines and scientific research lack con-
sistency [25, 26, 56]. To prevent oversights, high-quality studies
and expert consensus are urgently needed to guide clinicians in
establishing scientifically rational postpartum follow-up plans
and management strategies for hepatitis B-infected preg-
nant women.

Discussion

As of 2023, the latest global guidelines unanimously recommend
the use of antiviral therapy during late pregnancy for HBV-
infected pregnant women with HBV DNA of >200,0001U/mL to
reduce the risk of MTCT [17, 25, 26, 56]. Moreover, due to altera-
tions in postpartum-specific immune functions, hormonal levels,
and the discontinuation of medication by some pregnant women,
there is an increased susceptibility to abnormal postpartum ALT
levels. Therefore, there is an emphasis on the close monitoring of
postpartum liver function regardless of antiviral therapy usage
during pregnancy [17, 25, 26, 56]. However, further exploration is
needed regarding the protocols and measures for postpartum
monitoring. There is currently no consensus on the frequency
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Table 4. Predictors proposed by the current guidelines and management recommendations

Guideline Risk group Monitoring Definition Treatment Therapy Duration
definition of severity indication of treatment
EASL (2017) [62] Not defined  Close monitoring of liver Not defined  Significant ALT elevation,  Tenofovir Not specified
enzyme tests during the high viral load, or signs or Entecavir
postpartum period (fre- of liver decompensation
quency and duration
not specified)
AASLD (2018) [56] Notdefined Close monitoring of liver Not defined  Significant ALT elevation = Tenofovir Not specified
enzyme tests during the or clinical symptoms or Entecavir
postpartum period (fre- suggestive of liver de-
quency and duration compensation
not specified)
APASL (2022) [25] Notdefined Close monitoring of liver Not defined  Significant ALT elevation,  Tenofovir Not specified

enzyme tests during the
postpartum period (fre-
quency and duration
not specified)

high viral load, or evi- or Entecavir
dence of liver de-

compensation

ALT = alanine aminotransferase, EASL = European Association for the Study of the Liver, AASLD = American Association for the Study of Liver Diseases, APASL =

Asian-Pacific Association for the Study of the Liver.

and duration of monitoring; international guidelines suggest one
or two follow-up visits within the first 24 weeks postpartum [17,
25, 26, 56]. Additionally, there remains controversy surrounding
the necessity for treatment for postpartum abnormal ALT levels
or at what threshold ALT elevation treatment should be initiated.

Our review findings indicate that, among pregnant individuals
who did not receive antiviral treatment during pregnancy, the oc-
currence rate of abnormal ALT within 48 weeks postpartum
ranged from 11.3% to 70.6%, displaying a bimodal trend, with
peaks at postpartum Weeks 6 and 12, primarily concentrated in
the mild elevation range. Among these groups, the occurrence
rate of postpartum ALT abnormalities was higher in the HBeAg-
positive population than in the HBeAg-negative or mixed HBeAg
status subpopulations. Our pooled analysis reported an odds ra-
tio of 5.7 with a 95% CI of 3.8-8.4 when comparing HBeAg-
positive mothers with HBeAg-negative mothers. This is primarily
attributed to the association of HBeAg positivity with higher HBV
DNA levels, which may trigger a stronger immune response lead-
ing to liver inflammation and damage, subsequently resulting in
elevated ALT levels [55]. Risk factors for postpartum ALT eleva-
tion include lower levels of HBeAg during delivery, higher ALT
levels during pregnancy, high HBV DNA (>10,0001U/mL), and
high levels of HBcAb at delivery.

In contrast to the latest global guidelines [17, 26, 56], only the
APASL (2022) and China guidelines (2023) provide specific recom-
mendations for this population [25, 57], suggesting follow-ups at
24 and 6-8 weeks postpartum, respectively. However, a summary
of existing research results reveals that ALT abnormalities can
persist for <1 year postpartum [50, 58]. Therefore, this review
suggests that clinicians should consider extending follow-up
times to 1year postpartum with a frequency of every 6 weeks [4,
50, 58], particularly emphasizing pregnant women with baseline
HBeAg positivity, abnormal ALT during pregnancy, and HBV DNA
of >10,000IU/mL. Lower levels of HBeAg during delivery were as-
sociated with postpartum ALT abnormalities. While consistent
with prior studies [31, 35] proposing that a decline in HBeAg to a
certain cut-off value usually indicates the onset of immune
clearance, the specific cut-off value and mechanism still require
further exploration. The same applies to the risk factor of high
levels of HBcAb, which could provide clinicians with more precise
recommendations.

Although there is limited research analysing the occurrence
rates of postpartum ALT elevation in healthy pregnant women,

mild elevation was observed in 19.1% of cases, while the occur-
rence rates for moderate and severe elevation were 3.5% and
1.7%, respectively, with subsequent regressions toward normal
levels. However, it is essential to further define the normal range
and duration of postpartum ALT elevation in healthy pregnant
women to offer crucial guidance to clinicians in managing post-
partum ALT abnormalities in women with hepatitis B infection.

The review divided HBV-infected pregnant women who were
receiving antiviral treatment during pregnancy into two sub-
groups: those undergoing antiviral treatment to prevent MTCT
and those treated for active CHB. The results indicate that,
among those aiming to prevent MTCT, individuals who discontin-
ued antiviral medication within 12 weeks postpartum exhibited
an incidence of subsequent ALT abnormalities ranging from
11.9% to 60.0% within 52 weeks of postpartum follow-up, pre-
dominantly around a 50% elevation. Peaks in ALT abnormalities
were observed around postpartum Weeks 6-12 and 24, depend-
ing on the timing of medication cessation. In contrast, the inci-
dence of ALT abnormalities was 39.4% among those who
discontinued medication after 12 weeks or continued treatment,
indicating a significantly higher rate in the former group com-
pared with the latter. However, due to guidelines’ recommending
discontinuation of antiviral medication at 12 weeks postpartum
for preventing MTCT, fewer women discontinued medication af-
ter 12 weeks postpartum, resulting in relatively limited research
data available for formulating appropriate strategies. A recent
meta-analysis by Pan et al. [59] supports the idea of discontinuing
antiviral treatment at delivery rather than continuing it beyond
12 weeks postpartum. Delayed cessation of antiviral treatment
does not significantly impact the frequency or severity of post-
partum ALT flares, suggesting that extending antiviral therapy
may not offer additional benefits in managing ALT abnormalities
in mothers who have received antiviral therapy solely for the
purpose of preventing MTCT.

The occurrence rate of postpartum ALT abnormalities among
HBV-infected pregnant women with antiviral therapy throughout
pregnancy and the postpartum period (continued treatment for
maternal indications of CHB therapy) was lower, ranging from
1.6% t0 4.2%. APASL (2022), China Guide (2023), and AASLD (2018)
recommend follow-ups until 24 weeks postpartum for pregnant
women who are orally taking antiviral drugs for MTCT preven-
tion. Only the latter two mention a follow-up frequency of every
3months (similarly for self-treatment women). Severe ALT
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elevation warrants reinitiation of antiviral treatment. Based on
our analysis, this review recommends that pregnant women who
use antiviral medication during pregnancy should undergo
follow-ups extending to 1year postpartum. For women who dis-
continue medication postpartum, check-ups every 3 months are
advised. As for women who do not discontinue medication, their
initial examination should occur within 6-8 weeks postpartum,
after which check-up intervals can be extended appropriately. By
leveraging the evidence and recent data, we propose a risk-
stratified algorithm for managing postpartum ALT elevation and
selecting therapy in mothers with CHB, tailoring different
approaches for treatment-naive vs treatment-experienced popu-
lations (Figure 2). These recommendations aim to offer guidance
for clinical decision-making and enhance patient outcomes.
Several risk factors for postpartum ALT abnormalities among
this population include high ALT and HBV DNA levels during
pregnancy and younger age. While high HBV DNA levels align

with the risk factors suggested by the Chinese guideline [57], high
ALT levels during pregnancy and younger age are not included in
international guidelines [17, 25, 56]. Kushner et al. [55] reported
that, with every 5-year increase in age, there is a 30% reduction
in the risk of HBV recurrence, yet the specific mechanism
remains unclear. We speculate that this might be attributed to
reduced immune tolerance in younger pregnant women after the
release of maternal immune suppression postpartum. This re-
duced tolerance might lead to a stronger immune response when
facing the HBV, potentially causing not only an impact on the vi-
rus, but also self-immune damage to liver tissue, consequently
resulting in elevated ALT levels. Furthermore, the influence of
higher ALT levels during pregnancy on postpartum ALT abnor-
malities is primarily due to the complex physiological changes in
the maternal system during gestation [60], in which cellular im-
mune functions tend to be suppressed, resulting in decreased
ALT levels during pregnancy compared with non-pregnant states

Pregnant women with CHB necessitate routine monitoring of liver enzyme tests, viral
load trends, and thorough counseling regarding the risks of CHB activation during

After delivery, for treatment-naive patients, evaluate the necessity of treatment for
maternal disease. For mothers already on antiviral therapy, re-evaluate the indication for

A 4

Assess risk factors for ALT elevation to determine the monitoring
schedule for mothers without treatment indications. Cessation
of antiviral therapy at delivery is feasible if it is for preventing

For mothers with indications
for CHB treatment (refer to

y A

treatment criteria of CHB),
continue on current antiviral
therapy with regular

Treatment-naive mothers:

Abnormal ALT, or HBV DNA
levels >10,000 IU/mL
during pregnancy

Mothers treated for
preventing MTCT:

Cessation of antiviral
therapy

A 4

y A4

For mothers on lactation, TAF or
TDF is preferred. On-treatment
monitoring ALT every 3 months

Mothers with risk factors for ALT elevation receive
monitoring visits every 4 weeks for the first 12 weeks,
then every 12 weeks. Mothers without risk factors
receive monitoring visits every 12 weeks.

A

y A 4

For severe ALT flares, assess all for MASLD management if risk factors are present and
start first-line antiviral therapy (use TAF or TDF for lactation mothers)

For mothers with intermediate or mild elevation, shared decision-making with patients,
and close monitoring in 4-8 weeks if treatment is not initiated. Treat if ALT elevation

Figure 2. Management algorithm for postpartum ALT elevation in mothers with CHB. Risk-stratified algorithm for managing postpartum ALT elevation
and selecting therapy in mothers with CHB, adapting different approaches for treatment-naive vs treatment-experienced populations. ALT elevation is
defined by the authors as levels exceeding the local laboratory cut-off value or 40 U/L. Postpartum hepatitis B flares are classified into three scales
among mothers without hepatic decompensation: mild ALT elevation (above ULN but less than 5 x ULN); intermediate ALT elevation (5 x ULN but less
than 10 x ULN); and severe hepatitis B flare (>10 x ULN). ALT = alanine aminotransferase, ULN = upper limit of normal, CHB = chronic hepatitis B,
MTCT = mother-to-child transmission, HBV = hepatitis B virus, TAF = tenofovir alafenamide, TDF = tenofovir disoproxil fumarate, MASLD =

metabolic dysfunction-associated steatotic liver disease.
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[27]. In this context, higher ALT levels during pregnancy might
indicate an enhanced maternal immune response to HBV, lead-
ing to a recurrence of liver disease postpartum. Other less com-
mon factors include high levels of HBcAb, multiparity, a longer
duration of HBV infection, late initiation of antiviral therapy dur-
ing pregnancy, gestational diabetes mellitus, and elevated levels
of IL-10. Further research is needed to confirm and elucidate the
scientific validity and mechanisms behind these findings.

Limitations of the review and data gaps

During the review of postpartum ALT flare in mothers with hepa-
titis B from 23 articles, several significant data gaps emerged:
(i) inadequate research or clinical data exist regarding the appro-
priate normal range of ALT during the postpartum period in both
healthy mothers and those infected with hepatitis B [12, 29, 30];
(ii) the association between metabolic dysfunction and elevated
ALT levels during the postpartum period has not been thoroughly
investigated [61]; (iii) the pattern of fluctuations or elevations in
ALT levels during the postpartum period has not been clearly de-
fined [4, 21, 58, 61]; and (iv) the impact of postpartum ALT flare
on liver inflammation and damage (disease progression) in moth-
ers with hepatitis B remains uncertain [31].

The addressing of these data gaps necessitates further
research studies or clinical investigations that are specifically
tailored to understand the occurrence, risk factors, clinical signif-
icance, and management of postpartum ALT flare in mothers
with hepatitis B. This may involve prospective cohort studies, ret-
rospective analyses of existing datasets with well-defined patient
populations, or clinical trials that are aimed at evaluating poten-
tial interventions or management strategies. By bridging this
data gap, healthcare professionals can enhance their under-
standing of the specific challenges and considerations associated
with managing hepatitis B in the postpartum period. This, in
turn, could lead to improved outcomes for both mothers and
their infants.

Summary

The overall incidence of postpartum ALT elevation in mothers
with CHB was 26%, 4%, and 2% for mild, moderate, and severe
cases, respectively. In highly viremic mothers who received anti-
viral prophylaxis for preventing MTCT, postpartum intermediate
and severe ALT elevations were reported with pooled rates of 6%
and 1%, respectively. Importantly, none resulted in mortality or
necessitated liver transplantation. Identified risk factors for post-
partum ALT flares in mothers with CHB included HBV DNA and
ALT levels during pregnancy, postpartum cessation of antiviral
treatment, and HBeAg status.

Based on the latest research, findings, and interpretation of
newly published data, this review provides reliable data and
management strategies for the occurrence of elevated postpar-
tum ALT levels in HBV-infected pregnant women. Considering
maternal safety, extending postpartum follow-up for HBV-
infected women to >1 year is an inevitable choice for future clini-
cians. However, to acquire sufficient evidence and explore more
specific risk factors for postpartum ALT abnormalities, further
prospective studies on a larger scale and with longer follow-up
periods are warranted.
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Authors’ Contributions

C.Q.P. conceived the concept, designed the review, and outlined
the study. Y.G,, S.0.Y,, G.Q,, Y.D,, and H.D. conducted the data
screening, retrieval, and extraction. Y.G., S.0.Y., and C.Q.P. inter-
preted and analysed the data. Y.G. and C.Q.P. drafted the initial
manuscript. S.0.Y. and C.Q.P. rigorously revised it. All authors
contributed to the final version of the manuscript, and the corre-
sponding author confirmed that all listed authors meet the crite-
ria for authorship, with no other eligible authors omitted.

Funding

This study is supported by the “Belt and Road” Innovative
Talent Exchange Project for Foreign Experts, sponsored by the
Ministry of Science and Technology, China (G2022030048L);
science and technology innovation strategy special fund project
of Guangdong Province (pdjh2023b0433); and undergraduate ca-

pacity enhancement innovation project of Guangzhou
Province (2022JXA003).
Conflicts of Interest

C.Q.P. received institutional research grants from Gilead Sciences
and Wuxi Hisky Medical Technologies Co., Ltd. Other authors
have no financial interests to be disclosed.

Data Availability

Materials are from published articles. All data supporting the
findings of this narrative review are included in this pub-
lished article.

References

1. Ch'ng CL, Morgan M, Hainsworth I et al. Prospective study of liver
dysfunction in pregnancy in Southwest Wales. Gut 2002;
51:876-80.

2. Wong HY, Tan JY, Lim CC. Abnormal liver function tests in the
symptomatic pregnant patient: the local experience in
Singapore. Ann Acad Med Singap 2004;33:204-8.

3. Ouzounian JG, Elkayam U. Physiologic changes during normal
pregnancy and delivery. Cardiol Clin 2012;30:317-29.

4. Yi W, Pan CQ, Li MH et al. The characteristics and predictors of
postpartum hepatitis flares in women with chronic hepatitis B.
Am ] Gastroenterol 2018;113:686-93.

5. Tsuda S, Nakashima A, Morita K et al. The role of decidual regula-
tory T cells in the induction and maintenance of fetal antigen-
specific tolerance: imbalance between regulatory and cytotoxic T
cells in pregnancy complications. Hum Immunol 2021;82:346-52.

6. Saito S. Reconsideration of the role of regulatory t cells during
pregnancy: differential characteristics of regulatory T cells be-
tween the maternal-fetal interface and peripheral sites and be-
tween early and late pregnancy. Med Princ Pract 2022;31:403-14.

7. Sirilert S, Tongsong T. Hepatitis B virus infection in pregnancy:
immunological response, natural course and pregnancy out-
comes. J Clin Med 2021;10:2926.

8. ZhanglL,Jiang T, Yang Y et al. Postpartum hepatitis and host im-
munity in pregnant women with chronic HBV infection. Front
Immunol 2022;13:1112234.

9. Huang M, Gao'Y, Yin X et al. Characterization of T cell immunity
in chronic hepatitis B virus-infected mothers with postpartum
alanine transaminase flare. BMC Infect Dis 2021;21:922.


https://academic.oup.com/gastro/article-lookup/doi/10.1093/gastro/goae091#supplementary-data

Postpartum Hepatitis B Flares | 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Khanam A, Chua JV, Kottilil S. Immunopathology of chronic
hepatitis B infection: role of innate and adaptive immune re-
sponse in disease progression. Int J Mol Sci 2021;22:5497.
Almashhrawi AA, Ahmed KT, Rahman RN et al. Liver diseases in
pregnancy: diseases not unique to pregnancy. World J
Gastroenterol 2013:19:7639-46.

OuYang S, Chen Z, Peng T et al. Incidence and predictors of ele-
vated postpartum alanine aminotransferase in chronic hepati-
tis B mothers: a prospective study protocol. BMC Gastroenterol
2023;23:387.

Victora CG, Bahl R, Barros AJ et al.; Lancet Breastfeeding Series
Group. Breastfeeding in the 21st century: epidemiology, mecha-
nisms, and lifelong effect. Lancet (London, England) 2016;
387:475-90.

Tinius RA, Yoho K, Blankenship MM et al. Postpartum metabo-
lism: how does it change from pregnancy and what are the po-
tential implications? Int] Womens Health 2021;13:591-9.

Pan CQ, Dai E, Duan Z et al. Long-term safety of infants from
mothers with chronic hepatitis B treated with tenofovir diso-
proxil in China. Gut 2022;71:798-806.

Pan CQ, Chiang B, Division of Gastroenterology and Hepatology,
Mount Sinai Services at Elmhurst Hospital, New York, NY.
Revisiting the natural history of chronic hepatitis B in Asian
Americans. N A J Med Sci 2009;2:111-9.

WHO. Prevention of Mother-To-Child Transmission of Hepatitis B
Virus: Guidelines on Antiviral Prophylaxis in Pregnancy. https://
www.who.int/publications/i/item/978-92-4-000270-8 (15
August 2024, date last accessed).

WHO. Hepatitis B. https://www.who.int/en/news-room/fact-
sheets/detail/hepatitis-b (14 September 2024, date last accessed).
Liu J, Wang J, Jin D et al. Hepatic flare after telbivudine with-
drawal and efficacy of postpartum antiviral therapy for preg-
nancies with chronic hepatitis B virus. ] Gastroenterol Hepatol
2017;32:177-83.

LiM, Sun F, Bi X et al. Effects of antiviral therapy and drug with-
drawal on postpartum hepatitis in pregnant women with
chronic HBV infection. Hepatol Int 2023;17:42-51.

LuJ, Wang X, Zhu Y et al. Clinical and immunological factors as-
sociated with postpartum hepatic flares in immune-tolerant
pregnant women with hepatitis B virus infection treated with
telbivudine. Gut Liver 2021;15:887-94.

Pan CQ, Duan Z, Dai E et al.; China Study Group for the Mother-
to-Child Transmission of Hepatitis B. Tenofovir to prevent hep-
atitis B transmission in mothers with high viral load. N Engl J
Med 2016;374:2324-34.

Pan CQ. The role of tenofovir disoproxil fumarate for preventing
vertical transmission of hepatitis B. Antivir Ther 2022;27:
13596535221076640.

Terrault NA, Bzowej NH, Chang KM et al.; American Association
for the Study of Liver Diseases. AASLD guidelines for treatment
of chronic hepatitis B. Hepatology 2016;63:261-83.

Kumar M, Abbas Z, Azami M et al. Asian Pacific association for
the study of liver (APASL) guidelines: hepatitis B virus in preg-
nancy. Hepatol Int 2022;16:211-53.

EASL. 2017 Clinical Practice Guidelines on the management
of hepatitis B virus infection. jJournal of Hepatology 2017;
67:370-98.

Ushida T, Kotani T, Kinoshita F et al. Liver transaminase levels
during pregnancy: a Japanese multicenter study. ] Matern Fetal
Neonatal Med 2022;35:5761-7.

Tan HH, Lui HF, Chow WC. Chronic hepatitis B virus (HBV) in-
fection in pregnancy. Hepatol Int 2008;2:370-5.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Kushner T, Shaw PA, Kalra A et al. Incidence, determinants and
outcomes of pregnancy-associated hepatitis B flares: a regional
hospital-based cohort study. Liver Int 2018;38:813-20.
Elefsiniotis I, Vezali E, Vrachatis D et al. Post-partum reactiva-
tion of chronic hepatitis B virus infection among hepatitis B e-
antigen-negative women. World ] Gastroenterol 2015;21:1261-7.
Zeng DW, Liu YR, Dong J et al. Serum HBsAg and HBeAg levels
are associated with liver pathological stages in the immune
clearance phase of hepatitis B virus chronic infection. Mol Med
Rep 2015;11:3465-72.

Quan M, Liu XM, Liu C et al. Antiviral therapy for prevention of
perinatal hepatitis B virus transmission reduces the incidence
of postpartum hepatitis flare. Biomed Res Int 2022;2022:7046955.
Park JS, Pan C. Current recommendations of managing HBV in-
fection in preconception or pregnancy. Front Med 2014;8:158-65.
Pan CQ, Duan ZP, Bhamidimarri KR et al. An algorithm for risk
assessment and intervention of mother to child transmission of
hepatitis B virus. Clin Gastroenterol Hepatol 2012;10:452-9.

Zhang L, Li MH, Cao WH et al. Negative correlation of serum
hepatitis B surface antigen and hepatitis B e antigen levels with
the severity of liver inflammation in treatment-naive patients
with chronic hepatitis B virus infection. Chin Med J (Engl) 2017;
130:2697-702.

Watanabe M, Iwatani Y, Kaneda T et al. Changesin T, B, and NK
lymphocyte subsets during and after normal pregnancy. Am J
Reprod Immunol 1997;37:368-77.

Wang M, Hou Y, Meng SH et al. Abnormal IL-10 levels were re-
lated to alanine aminotransferase abnormalities during post-
partum in HBeAg positive women with chronic hepatitis B.
Medicine (Baltimore) 2019;98:€17969.

La Rocca C, Carbone F, Longobardi S et al. The immunology of
pregnancy: regulatory T cells control maternal immune toler-
ance toward the fetus. Immunol Lett 2014;162:41-8.

Rajbhandari R, Barton K, Juncadella AC et al. Discontinuity of
care for mothers with chronic hepatitis B diagnosed during
pregnancy.] Viral Hepat 2016;23:561-8.

Zeng Z, Zhou MF, Lin Y] et al. A real-world study on the features
of postpartum hepatitis flares in pregnant women with chronic
HBV infection. Zhonghua Gan Zang Bing Za Zhi 2024;32:113-8.
[Article in Chinese].

Nong CL, Guo Z, Wei QF et al. Analysis of influencing factors re-
lated to postpartum ALT abnormality in pregnant women with
chronic hepatitis B virus infection. Zhongguo Shiyong Yiyao 2019;
14:57-9. [Article in Chinese]

Guo HJ, Gao YF, Liu HY et al. Impact of cessation of antiviral
therapy at delivery on postpartum liver function in mothers
with chronic hepatitis B virus infection. Zhonghua Gan Zang Bing
Za Zhi 2019;27:112—7. [Article in Chinese]

Ruan CM, Zhou J, Shan ZL et al. Hepatitis activity in pregnant
women with HBV infection and high viral load during preg-
nancy and postpartum. Xian Dai Fu Chan Ke Jinzhan 2018;27:
458-61. [Article in Chinese]

He QY, Han GR, Yue X et al. Analysis of abnormal liver function
and neonatal infection in pregnant women with negative hepa-
titis B e antigen and chronic hepatitis B virus infection during
pregnancy and postpartum. Zhonghua Shi Yong Zhen Duan Yu Zhi
Liao Za Zhi 2017;31:1230-2. [Article in Chinese]

Chang CY, Aziz N, Poongkunran M et al. Serum alanine amino-
transferase and hepatitis B DNA flares in pregnant and postpar-
tum women with chronic hepatitis B. Am ] Gastroenterol 2016;
111:1410-5.

Zhou X, Wang M, Zhang H. Influence factors of telbivudine on
postpartum ALT elevation in patients with chronic HBV


https://www.who.int/publications/i/item/978-92-4-000270-8
https://www.who.int/publications/i/item/978-92-4-000270-8
https://www.who.int/en/news-room/fact-sheets/detail/hepatitis-b
https://www.who.int/en/news-room/fact-sheets/detail/hepatitis-b

12

| S.OuYangetal.

47.

48.

49.

50.

51.

52.

53.

infection during pregnancy. Beijing Yi Xue 2018;40:1230-2.
[Article in Chinese].

Peng L, Yang LQ, Peng TT et al. Safety of withdrawal during
treatment with tenofovir disoproxil of mothers and infants at
various time- points. Zhonghua Shi Yan He Lin Chuang Gan Ran
Bing Za Zhi (Dian Zi Ban) 2019;13:12-8. [Article in Chinese]

Li SY, Sun YF, ShiJF et al. Effect of withdrawal time on postpar-
tum liver function in pregnant women receiving tenofovir diso-
proxil fumarate therapy for blocking mother to child
transmission of hepatitis B. Zhonghua Lin Chuang Gan Ran Bing Za
Zhi 2021;14:344-50. [Article in Chinese]

Wu CH, Jiang SQ, Zhang L et al. Effects of tenofovir disoproxil fu-
marate antiviral withdrawal timepoints on maternal and child
in pregnant women with high HBV DNA load in the middle and
late pregnancy. Zhongguo Gan Zang Bing Za Zhi 2020;12:41-6.
[Article in Chinese]

Feng, Yao N, Shi L et al. Efficacy and safety of long-term post-
partum antiviral therapy in hepatitis B virus-infected mothers
receiving prophylactic tenofovir disoproxil fumarate treatment.
Eur ] Gastroenterol Hepatol 2023;35:212-8.

Yang L Q, Qing L, Li YJ et al. Characteristics and predictors of
ALT flare in postpartum women with tenofovir blocking
mother-to- child transmission of HBV after drug discontinua-
tion. Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za Zhi 2022;36:
300-5. [Article in Chinese]

Li L, Zou H, Xu M et al. Risk factors related to postpartum he-
patic inflammation in pregnant women with chronic hepatitis
B.J Int Med Res 2020;48:300060520966439.

Yu C, Gu YL, Gu GF et al. Related factors of hepatitis activity af-
ter antiviral treatment discontinuation in pregnant women
with chronic HBV. Shi Yong Yi Xue Za Zhi 2020;36:3121-5. [Article
in Chinese]

54.

55.

56.

57.

58.

59.

60.

61.

62.

Li Z, Xie B, Yi N et al. Efficacy and safety of tenofovir disoproxil
fumarate or telbivudine used throughout pregnancy for the pre-
vention of mother-to-child transmission of hepatitis B virus: a
cohort study. Eur ] Obstet Gynecol Reprod Biol 2022;276:102-6.
Kushner T, Shaw PA, Kalra A et al. Incidence, determinants and
outcomes of pregnancy-associated hepatitis B flares: a regional
hospital-based cohort study. Liver Int 2018;38:813-20.

Terrault NA, Lok ASF, McMahon BJ et al. Update on prevention,
diagnosis, and treatment of chronic hepatitis B: AASLD 2018
hepatitis B guidance. Clin Liver Dis (Hoboken) 2018;12:33-4.

You H, Wang F, Li T et al; Chinese Society of Hepatology,
Chinese Medical Association; Chinese Society of Infectious
Diseases, Chinese Medical Association. Guidelines for the
Prevention and Treatment of Chronic Hepatitis B (version 2022).
J Clin Transl Hepatol 2023;11:1425-42.

Li L, Zou H, Xu M et al. Risk factors related to postpartum he-
patic inflammation in pregnant women with chronic hepatitis
B.J Int Med Res 2020;48:300060520966439.

Pan CQ, Zhu L, Yu AS et al. Tenofovir alafenamide versus teno-
fovir disoproxil fumarate for preventing vertical transmission
in chronic hepatitis B mothers: a systematic review and meta-
analysis. Clin Infect Dis 2024;ciae288. 10.1093/cid/ciae288.

Faas MM, de Vos P. Uterine NK cells and macrophages in preg-
nancy. Placenta 2017;56:44-52.

Aldridge E, Schubert KO, Pathirana M et al. A prospective regis-
try analysis of psychosocial and metabolic health between
women with and without metabolic syndrome after a compli-
cated pregnancy. BMC Womens Health 2022;22:461.

European Association for the Study of the Liver. Electronic ad-
dress: easloffice@easloffice.eu; European Association for the
Study of the Liver. EASL 2017 clinical practice guidelines on the
management of hepatitis B virus infection. ] Hepatol 2017;
67:370-98.

© The Author(s) 2024. Published by Oxford University Press and Sixth Affiliated Hospital of Sun Yat-sen University
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly

cited. For commercial re-use, please contact journals.permissions@oup.com

Gastroenterology Report, 2024, 12, -
https://doi.org/10.1093/gastro/goae091
Review Article


https://doi.org/10.1093/cid/ciae288

	Active Content List
	Background
	Data selection process
	Literature reviews
	Discussion
	Summary
	Supplementary Data
	Authors' Contributions
	Funding
	Conflicts of Interest
	Data Availability
	References


