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Background/Aims: To investigate postpartum hepatic flares and associated factors in highly vi-
remic pregnant patients in the immune tolerance phase who adopted telbivudine (LdT) treatment
in the last trimester to reduce vertical transmission of hepatitis B virus.

Methods: Hepatitis B e antigen (HBeAg)-positive, highly viremic pregnant women were recruited
for this prospective study. Treatment with LdT was started from 28 weeks of gestation. Virologi-
cal and biochemical markers were examined before LdT treatment, antepartum and postpartum.
Serial blood samples at the same time were collected to detect cytokines and cortisol (COR).
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. Results: Fifty-six of 153 patients (36.6%) had postpartum hepatic flares, defined as a 2-fold
E-mail chenxydoc@ccmu.edu.cn

increase in alanine aminotransferase 6 weeks after delivery. Age and the antepartum alanine
aminotransferase and postpartum HBeAg levels were independent influencing factors of post-
partum hepatic flares. Cytokines showed no regularity during or after pregnancy. Compared with
the patients with no postpartum flares, the patients with flares had lower baseline interferon y and
COR levels (p=0.022 and p=0.028) and higher postpartum interferon y levels (p=0.026).

Conclusions: A high proportion of highly viremic and immune-tolerant pregnant patients treated
with LdT in the last trimester had postpartum hepatic flares, which implied that these patients
entered the immune clearance phase after delivery. Thus, this may create an appropriate op-
portunity for re-antiviral therapy. (Gut Liver 2021;15:887-894)
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INTRODUCTION

Mother-to-infant transmission is the leading mode of
hepatitis B virus (HBV) infection in China." Although the
combination of hepatitis B vaccine and immunoglobulin in
preventing vertical transmission has achieved great success,
HBYV perinatal transmission in highly viremic mothers re-
mains a major challenge. Up to 8%—15% of infants born to
highly viremic mothers still become infected with HBV.**
Several studies have shown that antiviral therapy with
nucleos(t)ide analogue (NA) in the third trimester of preg-
nancy could reduce the risk of perinatal HBV transmission
in highly viremic mothers.*® This antiviral intervention in
late pregnancy is mainly aimed at pregnant women with

immune tolerance phase characterized by high levels of
hepatitis B e antigen (HBeAg) and HBV DNA and little or
no elevation in liver transaminases. However, aminotrans-
ferase increased and/or HBeAg decreased after pregnancy
has been observed in some patients with chronic hepatitis
B (CHB).”” Studies related to the changes of virological
and biochemical markers during and after pregnancy are
limited, especially postpartum hepatic flares in highly
viremic immune-tolerant pregnant patients treated with
analogue in the third trimester.

Furthermore, HBV is a non-cytopathic virus and host
immune response plays a key role in liver injury and vi-
rus control.' Immunological changes during and after
pregnancy may impact on the natural history and clinical
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manifestations of chronic HBV infection."" It has been
speculated that reactivation of the immune function was
associated with postpartum hepatic flares. However, the
exact immunological influencing factors are still uncertain.

The purpose of this study was to evaluate virological
and biochemical changes during and after pregnancy and
explore the clinical and immunological associated factors
with the postpartum hepatic flares by a cohort of highly vi-
remic immune-tolerant pregnant patients with telbivudine
(LdT) treatment in the third trimester.

MATERIALS AND METHODS

1. Patients

This was a prospective study. All the patients were from
Beijing Youan Hospital between year 2015 and 2017. Pa-
tients with HBV DNA >1.0x10° TU/mL and HBeAg level
>500 cutoff index (more representative of the state of im-
mune tolerance) in the second trimester of pregnancy were
recruited. Patients were excluded if they had received an-
tiviral therapy or had abnormal liver function before and
during pregnancy or if they had hepatitis C, hepatitis D, or
human immunodeficiency virus co-infection or cirrhosis.
LdT therapy was started in the third trimester (28 weeks
of gestation) to reduce vertical transmission and stopped
immediately or continued until 6 weeks after delivery ac-
cording to patients willingness. Follow-up was conducted
before LdT treatment (baseline), antepartum (36 weeks
of gestation) and postpartum (6 weeks after delivery) and
serial blood samples were collected at the corresponding
time points. The study was approved by the Institutional
Review Board of Beijing Youan Hospital, Capital Medical
University (IRB No. [2019]190) and performed in accor-
dance with the principles of the Declaration of Helsinki.
Informed consent was obtained from all patients.

2. Biochemical, virological and immunological

assessments

The liver inflammation was determined by measuring
serum alanine aminotransferase (ALT) level with upper
limit of normal (ULN) value being 40 U/L. Serum HBeAg
was determined using enzyme immunoassays. HBeAg
was defined as positive when the concentration exceeded
1.0 cutoff index. Hepatitis B surface antigen (HBsAg) was
quantified using Elecsys (Roche Diagnostics GmbH, Pen-
zberg, Germany) with lowest detection limit of 0.05 IU/
mL. Serum HBV DNA levels were measured using the Co-
bas TagMan (Roche Diagnostics GmbH; lowest detection
limit, 20 TU/mL). Serum cytokines including interleukin
(IL)-2, IL-4, IL-6, IL-10, IL-17, interferon y (IFNy), and
tumor necrosis factor oo (TNF-a,) were detected using Hu-
man Cytokine Assay Kit (Bio-Rad, Hercules, CA, USA).
Serum cortisol (COR) was measured by electrochemilumi-
nescence immunoassay (COBAS E411, Roche Diagnostics
GmbH).

3. Definition of postpartum hepatic flare

Postpartum hepatic flare was defined as at least 2 times
the ULN in ALT level at 6 weeks after delivery which re-
ferred the definition of CHB in China (2015 edition)."

4. Statistical analysis

Continuous variables were presented as meantstandard
deviation or median plus interquartile range and the t-test
or the Mann-Whitney U-test was used for the comparison.
Categorical variables were summarized using frequency
and percentage. Univariable and multivariable logistic re-
gressions were performed to assess the clinical associated
factors associated with postpartum hepatic flares. Statistical
analysis was performed using SPSS software version 19.0
(IBM Corp., Armonk, NY, USA). All statistical tests were
two-sided and evaluated at the 0.05 level of significance.

Table 1. Baseline Characteristics of All Subjects and of the Subgroups with and without Postpartum Hepatic Flares

Characteristic Overall (n=153) Postpartum flares (n=56)  No postpartum flares (n=97) p-value

Age, yr 28.80+3.88 27.60+4.26 29.50+3.49 0.333
ALT, U/L 25.90+9.39 27.50+9.57 24.909.19 0.959
Genotype 0.348

€ 110 (71.9) 39 (69.6) 71(73.2)

B 42(27.4) 16 (28.6) 26(26.8)

A 1(0.6) 1(1.8) 0
HBsAg, log IU/mL 4.31+0.48 4.24+0.54 4.36+0.39 0.633
HBeAg, log COI 3.14+0.12 3.16£0.11 3.12+0.12 0.581
HBV DNA, log IU/mL 7.84+0.53 7.78+0.60 7.87+0.49 0.030

Data are presented as meanzSD or number (%).
ALT, alanine aminotransferase; HBsAg, hepatitis B surface antigen;
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RESULTS

1. Baseline characteristics

Between 2015 and 2017, 158 women were recruited into
this study. Five women were excluded due to ALT elevation
during pregnancy and 153 women were included in the
final analysis. The baseline mean age was 28.8+3.88 years,
and ALT values were in normal range with a mean value of
25.949.39 U/L. All the patients were in the immune toler-
ance phase with a high level of baseline HBV DNA, HBsAg
and HBeAg (Table 1). One hundred and ten out of 153
patients (71.9%) were genotype C, followed by genotypes B
and A. No obvious adverse reactions were observed in the
pregnant women treated with LdT and no significant dif-
ference was noted with respect to weight, height, or Apgar
score in the newborns.

2. Changes of the biochemical and virological

markers during and after pregnancy

Although ALT levels were in normal range during
pregnancy in these patients, there was a declining ten-
dency over pregnancy. ALT decreased at the antepartum
compared with the baseline (p<0.001) and increased
significantly after delivery compared with during preg-
nancy (p<0.001) (Fig. 1A). Fifty-six out of 153 patients
(36.6%) showed postpartum hepatic flares (defined as ALT
22xULN at 6 weeks after delivery) with the maximum
ALT of more than 10xULN, and only 51 out of 153 pa-
tients (33.3%) maintained ALT within normal range after
delivery. None of the postpartum ALT increase led to an
increase in bilirubin or decompensated liver function. LdT
therapy was stopped immediately in 103 patients and con-
tinued until 6 weeks in 50 patients after delivery and there
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Fig. 1. Changes in aminotransferase (ALT) levels before and after delivery. (A] Changes in alanine ALT levels at baseline, antepartum and postpar-
tum in all the patients. (B) Postpartum ALT levels in those who stopped telbivudine (LdT) immediately after (group A, n=103) or 6 weeks after deliv-
ery (group B, n=50).
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Fig. 2. Virological changes before and after delivery. (A] Changes in HBV DNA levels before LdT, antepartum and postpartum. (B) Changes in

HBeAg levels before LdT and postpartum.

HBV, hepatitis B virus; LdT, telbivudine; HBeAg, hepatitis B e antigen; COI, cutoff index.

https://doi.org/10.5009/gnl21001 889



Gut and Liver, Vol. 15, No. 6, November 2021

Table 2. Clinical Factors Associated with Postpartum Hepatic Flares

Univariate logistic analysis Multivariate logistic analysis
Clinical factor
B p-value OR (95% Cl) B p-value OR (95% CI)
Age -0.131 0.005 0.877 (0.772-0.976) -0.138 0.006 0.871(0.763-0.962)
Genotype 0.314 0.380 1.369 (0.594-3.188) 0.007 0.987 1.007 (0.125-2.704)
Baseline ALT 0.030 0.100 1.030 (0.955-1.057) 0.005 0.840 1.005 (0.932-1.048)
Baseline HBeAg 0.001 0.061 1.001 (0.996-1.008) 0.003 0.000 1.003 (1.001-1.010)
Baseline HBsAg 0.217 0.603 1.721(0.369-4.272) 0.056 0.942 1.164 (0.104-3.607)
Baseline HBV DNA -0.313 0.323 0.731(0.358-1.246) -0.395 0.298 0.673(0.302-1.217)
Antepartum ALT 0.061 0.001 1.063 (1.027-1.101) 0.047 0.032 1.048(1.012-1.079)
Antepartum HBV DNA 0.169 0.274 1.184 (0.865-1.596) -0.093 0.647 0.911 (0.565-1.264)
Postpartum HBeAg 0.000 0.006 0.999 (0.998-1.000) -0.002 0.000 0.998 (0.996-0.999)
Postpartum HBsAg 0.179 0.231 1.557 (0.287-3.906) 0.216 0.683 1.028 (0.131-3.284)
Postpartum HBV DNA 0.079 0.446 1.083 (0.883-1.328) 0.142 0.283 1.153 (0.931-1.405)

OR, odds ratio; Cl, confidence interval; ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBY,
hepatitis B virus.
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Fig. 3. Changes in cytokines and COR at baseline, antepartum and postpartum.
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Table 3. Immunological Factors Associated with Postpartum Hepatic Flares

Factor Postpartum flare (n=15) No postpartum flare (n=37) p-value
Baseline
IL-2, pg/mL 10.83+7.62 12.59+£12.33 0.190
IL-4, pg/mL 2.52(1.65-11.09) 1.33(0.56-5.66) 0.233
IL-6, pg/mL 3.39(1.20-52.13) 8.28 (1.19-31.43) 0.793
IL-10, pg/mL 3.33+3.75 3.60+3.50 0.983
IL-17, pg/mL 1.21(0.08-3.00) 1.08 (0.67-2.43) 0.783
IFNy, pg/mL 1.89 (1.31-6.98) 5.39 (2.09-16.12) 0.022
TNF-a, pg/mL 26.75 (1.62-40.18) 21.69 (4.16-35.80) 0.927
COR, pg/dL 20.19+7.67 20.97+4.65 0.028
Antepartum
IL-2, pg/mL 9.43+8.29 11.93+9.79 0.143
IL-4, pg/mL 2.36(0.71-9.79) 1.43 (1.22-3.95) 0.635
IL-6, pg/mL 2.45(0.55-7.99) 7.45 (1.18-44.20) 0.056
IL-10, pg/mL 3.45£3.10 4.37+4.80 0.244
IL-17, pg/mL 1.30£1.07 1.85¢1.44 0.298
IFNy, pg/mL 3.51(2.01-6.17) 3.79 (1.89-8.08) 0.856
TNF-a, pg/mL 19.36£21.75 21.82+23.32 0.639
COR, pg/dL 25.26+6.22 26.09+4.88 0.436
Postpartum
IL-2, pg/mL 9.50 (2.07-15.75) 3.58 (1.26-13.53) 0.390
IL-4, pg/mL 3.22(1.21-19.99) 1.61(1.07-3.58) 0.079
IL-6, pg/mL 2.28 (0.96-45.79) 1.56 (0.52-31.17) 0.241
IL-10, pg/mL 3.18 (1.06-9.50) 2.90(0.71-5.69) 0.298
IL-17, pg/mL 1.69+0.94 1.82+1.56 0.175
IFNy, pg/mL 6.18(2.96-8.95) 2.55 (1.78-6.58) 0.026
TNF-a, pg/mL 12.10 (4.58-31.50) 5.57 (2.79-21.29) 0.185
COR, pg/dL 11.48+4.46 11.34+4.03 0.595

Data are presented as meanzSD or median (IQR).

IL, interleukin; IFN, interferon; TNF, tumor necrosis factor; COR, cortisol; IQR, interquartile range.

was no significant difference in ALT level between the two
groups (Fig. 1B).

HBV DNA loads declined significantly at the antepar-
tum compared with the baseline (p<0.001) (Fig. 2A). One
hundred and twenty out of 153 patients (78.4%) achieved
more than 3 log IU/mL decrease in HBV DNA level and 11
out of 153 (7.2%) had undetectable HBV DNA levels (<20
IU/mL) at the antepartum. There was no significant differ-
ence in HBV DNA level between antepartum and postpar-
tum due to LdT withdrawal immediately after delivery in
some patients.

The HBeAg level also decreased significantly after
delivery compared with the baseline (p=0.001) (Fig. 2B).
Although no HBeAg seroclearance was observed, 21 out
of 153 patients (13.7%) had more than 80% decrease in
HBeAg level after delivery. The change of HBsAg level
between the baseline and postpartum was not statistically
significant (data not shown).

3. Clinical associated factors related to postpartum
hepatic flares
As mentioned above, 56 patients (36.6%) met the defi-
nition of a postpartum hepatic flare. The characteristics of

the subjects at baseline are shown in Table 1. Mean HBV
DNA level in the patients with postpartum hepatic flares
was significantly lower than patients without hepatic flares
(p=0.030). Univariable and multivariable logistic analysis
showed that age, antepartum ALT level, and postpartum
HBeAg level were independent influencing factors of post-
partum hepatic flares (Table 2). HBV DNA level at baseline
was no longer significant statistically. Receiver operating
characteristic curves of the age, antepartum ALT, and
postpartum HBeAg level in predicting postpartum hepatic
flares were drawn. Area under the curves was 0.682, 0.711
and 0.635 respectively and the corresponding cutoff value
was 29, 14.8 and 3.1. The patients below 29 years old, with
ALT greater than 14.8 U/L and postpartum HBeAg level
below 3.1 log cutoff index had a higher risk of postpartum
hepatic flares.

4. Immunological associated factors related to
postpartum hepatic flares
Serum COR and cytokines were measured in 52 out
of the 153 patients at baseline, antepartum, and postpar-
tum. Serum COR levels increased at the antepartum and
decreased after delivery significantly. IL-2 levels declined

https://doi.org/10.5009/gnl21001 891
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significantly after delivery compared with the antepartum
(p=0.003) and TNF-q levels at the antepartum was higher
compared with the baseline (p=0.024). The other serum
cytokines, including IFNy, IL-4, IL-6, IL-10, and IL-17
were not significantly different among baseline, antepar-
tum, and postpartum (Fig. 3).

Similarly, according to the postpartum ALT level, the
patients were divided into postpartum flares and no post-
partum flares (ALT 22xULN and <2xULN). Compared
with the patients with no postpartum flares, the levels of
IFNy and COR were significantly lower at baseline (p=0.022
and p=0.028, respectively) and IFNy level was significantly
higher after delivery (p=0.026) in the patients with post-
partum hepatic flares (Table 3). Lower baseline IFNy and
COR levels, higher postpartum IFNy levels were associated
significantly with postpartum hepatic flares.

DISCUSSION

With the recommendation of the latest guidelines,
more and more highly viremic immune-tolerant pregnant
women adopted NA therapy in the third trimester of preg-
nancy.”"* The aim of NA therapy was to reduce the risk
of vertical transmission, not to treat the pregnant women
themselves. However, there is no consensus on how to deal
with antiviral therapy for these patients after delivery. We
previously showed that high rates of serological clearance/
conversion could be achieved in some immune-tolerant
pregnant women who had postpartum hepatic flares and
were re-treated by peginterferon based regimen after
childbirth."” Therefore, to further clarify the changes of the
biochemical and virological markers during and after preg-
nancy and associated factors related to postpartum hepatic
flares may provide a guidance for the antiviral strategies
after delivery in these patients.

In this large prospective study, remarkable biochemical
and virological changes were observed in these patients
during and after pregnancy. HBV DNA level decreased
more than 3 log IU/mL in 78.4% of the patients in a short
period, which indicated that the antiviral therapy was ef-
fective in the immune-tolerant pregnant patients. ALT
22xULN occurred in 36.6% of the patients after delivery,
which was similar to the result of previous studies report-
ing postpartum flares in 25% to 50% of CHB patients.”"*
ALT increase at the lower HBV DNA level after childbirth
reflected the recovery of maternal immune function and
should be paid attention to in clinical practice. Age, an-
tepartum ALT and postpartum HBeAg level were three
important clinical factors related to postpartum hepatic
flares. During pregnancy, there were complex physiologi-
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cal and immunological changes in the maternal system
to prevent rejection to the fetuses.”"” Overall, the cellular
immune function during pregnancy tends to be inhib-
ited,”” which could explain the decline in ALT level over
pregnancy. Under these circumstances, antepartum ALT
increase (still in normal range) might suggest an increased
immune response against the HBV and lead to postpar-
tum hepatic flares. A prospective study has reported that
HBeAg positivity was a strong predictor of postpartum
flares and patients who were HBeAg-positive at baseline
had a higher risk of postpartum flares.'” However, in this
study, although there was no HBeAg seroclearance, the
HBeAg level decreased significantly after delivery and low-
er HBeAg level was significantly associated with postpar-
tum hepatic flares. HBeAg was a non-particulate protein of
HBV and can down regulate the immune response.”’ The
decrease of HBeAg level after delivery could partly reverse
the immune tolerance and may better reflect the postpar-
tum immune activation, which could be supported indi-
rectly by higher serological responses in pregnant patients
with lower postpartum HBeAg level.”” A higher rate of
spontaneous HBeAg seroclearance after delivery has also
been reported.”” About age, we speculate that the immune
function is stronger in the younger women and may result
in higher rate of ALT increase after pregnancy.
Immunology during pregnancy was characterized by
a T helper 2 (T};2)-type environment.” In this study, al-
though the mean value of IL-2 decreased after delivery
and TNF-q increased at the antepartum, the change of the
cytokines including T1-type (IL-2, IFNy, and TNF-a),
Ty2-type (IL-4, IL-6, and IL-10) and IL-17 during and
after pregnancy showed no obvious pattern except for se-
rum COR, which increased significantly at the antepartum
and decreased after delivery. Current understanding of the
immunology of pregnancy was mostly extrapolated from
studies in non-pregnant models, such as organ transplan-
tation and cancer immunology and was not completely
explicit. The current view is that the maternal immune
function changes and adapts constantly during pregnancy,
which is generally divided into three stages: a pro-inflam-
matory stage associated implantation and placentation, an
anti-inflammatory stage associated with fetal growth and
a pro-inflammatory stage associated with labor.** In addi-
tion, HBV infection and LdT treatment may also affect the
change of the cytokines. Many researches have reported
immune modulatory effects associated with LdT treatment
including adaptive immunity and innate immunity.”*’
Interestingly, according to the level of ALT after deliv-
ery, stratified analysis showed that IFNy level at baseline
and after delivery was significantly associated with post-
partum hepatic flares. As we all know, IFNy is produced
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by activated T cells, natural killer cells, and natural killer
T cells which could kill infected cells through their cyto-
toxicity. Successful HBV clearance was associated with
HBV-specific and IFNy+ effector T-cell response.” Higher
production of IFNy was associated with HBsAg or HBeAg
seroconversion in patients with CHB.” During pregnancy,
the lower IFNy level implied that the cellular immune
function was decreased and postpartum higher IFNy level
indicated the cellular immune function was enhanced and
may further lead to the increase in ALT level.

In conclusion, a high proportion of highly viremic
immune-tolerant pregnant women treated with LdT in
the third trimester had hepatic flares after pregnancy. This
may due to postpartum reactivation of immune function.
Combined with our previous study, the younger patients
with hepatic flares accompanied by lower HBeAg level and
higher IFNy level after pregnancy may be suitable for fur-
ther re-antiviral therapy to achieve better response.
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