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Background: In China, it is common for pregnant women with a high load of
hepatitis B virus (HBV) to take nucleos(t)ide analogue (NA) to prevent maternal-
to-child transmission of HBV. However, the impact of NA intervention on
virological and biochemical parameters in pregnant and postpartum women
and the safety of drug cessation remain unclear. A prospective observational
cohort was established in this study to analyze the clinical characteristics of
hepatitis flares in pregnant and postpartum chronic HBV carriers, with or
without NA intervention.

Methods: Pregnant women who were chronic HBV carriers were enrolled in this
study and divided into an NA intervention group and a non-intervention group
according to their preferences. Liver function, HBV DNA level, and HBV serological
markers were regularly measured during pregnancy and at approximately 6 weeks,
12 weeks, 24 weeks, 36 weeks, and 48 weeks postpartum.

Results: A total of 417 patients were enrolled, including 303 in the NA
intervention group and 114 in the non-intervention group. The incidence
rates of postpartum hepatitis flares in both groups were higher than that of
during pregnancy (45.7% vs 10.9%, p < 0.001; 41.2% vs 17.7%, p < 0.001). The
second trimester was the peak of the incidence of flares during pregnancy and
the incidence peak of postpartum flares was about 6 weeks postpartum. A total
of 98% (145/148) of postpartum flares occurred within 24 weeks postpartum.
After drug cessation, the incidence rate of flares was 34.1% (44/129).

Conclusion: In pregnant chronic HBV carriers, a certain proportion of hepatitis
flares occurred during pregnancy and postpartum regardless of whether NA
intervention was used, and the incidence of postpartum flares (44.6%) was
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significantly higher than that (12.8%) of during pregnancy. The flare incidence
peaked at approximately 6 weeks postpartum, which may be the time period
suitable for treatment. Since 98% of postpartum flares occurred within 24
weeks postpartum, the follow-up after drug cessation should be at least 24
weeks postpartum.
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1 Introduction

In China, most patients with chronic hepatitis B virus (HBV)
infection acquired the infection at a young age, mother-to-child
transmission as the main transmission route, accounting for
approximately 40% of all HBV infections (1). Among pregnant
women with high HBV load, 8-15% of them still can transmit HBV
to their infants even after their infants receive conventional
immunization (2-4). Growing evidence (4-6) in recent years has
confirmed that the administration of nucleos(t)ide analogue (NA)
in women with high HBV load during second or third trimester can
inhibit viral replication and thereby significantly increase the
success rate of prevention of mother-to-child transmission.
Therefore, the Chinese and international guidelines for hepatitis B
(7-10) have recommended that pregnant women with high HBV
load receive NA intervention during second or third trimester. NA
intervention does benefit newborns significantly, but the impact of
NA intervention on virological and biochemical parameters in
pregnant and postpartum women, and the safety of drug
cessation are still unclear. This prospective observational cohort
study was to investigate the clinical characteristics of hepatitis flares
in pregnant and postpartum women.

2 Patients and methods
2.1 Study population

The subjects of the study were chronic HBV carriers visited
in Beijing Youw’an Hospital Affiliated to Capital Medical
University(from November 2015 to July 2018), who were
planning for pregnancy or pregnant (less than 8 weeks of
gestation). The inclusion criteria were as follows: age 18-40
years, hepatitis B surface antigen (HBsAg) positivity for more
than 6 months, HBeAg hepatitis B e antigen (HBeAg) positivity,

Abbreviations: HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen;
NA, nucleos(t)ide analogue; HBeAg, hepatitis B e antigen; ALT, alanine
aminotransferase; ULN, upper limit of normal; TDF tenofovir disoproxil,
LDT telbivudine.
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HBV DNA > 2 x 10° IU/ml, no history of antiviral therapy, and
normal alanine aminotransferase (ALT) levels in at least two
tests within 2 years before pregnancy. The exclusion criteria were
as follows: hepatitis A, C, D, or E infection; other chronic liver
diseases; human immunodeficiency virus infection; cirrhosis or
hepatocellular carcinoma; and intrahepatic cholestasis of
pregnancy and a history of miscarriage.

2.2 Research methods

A prospective, open-cohort design was adopted for this
clinical study. The patients were given the choice between
joining either the non-intervention group (group A) or the
NA intervention group (group B) during pregnancy.
Medications used for intervention included telbivudine (LDT)
and tenofovir disoproxil (TDF), which were started at 24 weeks
to 28 weeks of gestation at a dose of 600 mg/day for LDT and 300
mg/day for TDF. To select LDT or TDF was based on patients’
willingnesses. All patients were informed about this study and
signed informed consent forms before enrollment (approval
number: JingYou KeLun Zi[2015]21).

The team members of the joint research group of the
Department of Obstetrics and the Department of Hepatology
followed up the patients regularly from pregnancy to 48 weeks
postpartum. Patients were followed up once every 4-6 weeks during
pregnancy. The first postpartum follow-up was approximately 6
weeks postpartum (6 + 2 weeks), and afterwards the patients were
followed up approximately every 12 weeks until the completion of
the 48-week follow-up. HBV DNA, HBV serological markers, liver
function and renal function should be tested during each follow-up.
Abnormal liver function was defined as ALT > upper limit of
normal (ULN, ULN was 40 U/L), including mildly abnormal liver
function (ULN < ALT < 2 x ULN), hepatitis flare (ALT > 2 x
ULN), and hepatitis exacerbation (ALT > 10 x ULN or Total
bilirubin > 5 x ULN, ULN was 17.1umol/L). Patients with
abnormal liver function test results were re-examined within 2
weeks, and any liver injury-inducing factors, such as alcohol, fat
and drugs, had to be excluded by a clinicians’ assessment.

frontiersin.org


https://doi.org/10.3389/fimmu.2022.1031291
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wang et al.

2.3 Laboratory test methods

HBV DNA was detected using the Roche Cobas/Tagman Real-
Time fluorescence quantitative polymerase chain reaction (PCR)
system (Roche Diagnostics GmbH, Germany), and the low limit of
detection was 20 IU/mL. The HBV serological markers were
detected using the Roche E601 automatic chemiluminescence
analyzer, with lower detection limit of 0.05 IU/ml for HBsAg and
1 COI for HBeAg. An OLMPUS-AU5400 biochemistry analyzer
was used to detect biochemical parameters such as liver function
parameters. HBV was genotyped with the HBV genotyping reagent
kit (fluorescence PCR) (Fosun Pharma, Shanghai, China).

2.4 Statistical analysis

SPSS 25.0 (SPSS, USA) software was used for the statistical
analysis. Continuous variables were presented as the mean *
standard deviation or median (interquartile range). Categorical
variables were expressed as frequencies and percentages.
Continuous variables were assessed using Student’s t test or
Ranksum test. Categorical variables were compared with the
Chi-squared test or Fisher’s exact test. A two-sided P value of <
0.05 indicated statistical significance.

3 Results

3.1 General information of enrolled
patients and follow-up

A total of 471 HBsAg-positive women who were pregnant or
were planning for pregnancy were screened in this study
(Figure 1), and 417 patients with chronic HBV infection met
the inclusion criteria, 114 patients joined the non-intervention
group during pregnancy (group A) and 303 patients joined the
NA intervention group during pregnancy (group B). Two
patients, one in group A and one in group B, were excluded
during pregnancy due to unexpected causes, and the follow-up
and lost follow-up of 415 pregnant women included in the
analysis of pregnancy were shown in Figure 1.

There were no significant differences in age, the baseline
HBV DNA, HBeAg, and ALT levels, and the genotypes of
patients between group A and group B (Table 1). The median
time of the initiation of the NA intervention in group B was 28
weeks of gestation.

3.2 Hepatitis flares during pregnancy

The rate of abnormal liver function during pregnancy was
20.9% (87/415), including 34 (8.2%) with mildly abnormal liver
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function, 53 (12.8%) with hepatitis flares, and 8 (1.9%) with
hepatitis exacerbation. Among the 53 cases of hepatitis flares
during pregnancy, 46 happened in non-intervention state, an
incidence rate of 11.1% (46/415). Seven patients in group B had
hepatitis flares during NA intervention, an incidence rate of
2.3% (7/302). The incidence rate of hepatitis flares in non-
intervention state during pregnancy was significantly higher
than that in intervention state, the difference was statistically
significant (11.1% vs 2.3%, P < 0.001). There was no significant
difference in the incidence of hepatitis flares with or without NA
intervention during pregnancy, with 17.7% (20/113) and 10.9%
(33/302) in group A and B, respectively (Table 2). However,
all the 8 cases with hepatitis exacerbation occurred in
non-intervention state,and all of them received NA for
antiviral therapy.

In terms of the time of hepatitis flares, the second trimester
was more common, with 65.0% (13/20) of patients with hepatitis
flares during pregnancy in group A experienced hepatitis flares
and 54.5% (18/33) of patients with hepatitis flares during
pregnancy in group B experienced hepatitis flares in the
second trimester.

3.3 Hepatitis flares during postpartum

3.3.1 Incidence of postpartum hepatitis flares

After 48 weeks of postpartum follow-up, 30 patients were
lost to follow-up. The 53 patients with hepatitis flares during
pregnancy were not included in the analysis of postpartum
hepatitis flares. Therefore, 332 patients (85 in group A and
247 in group B) were included for the overall postpartum
analysis, including 132 (39.7%) with mild abnormal liver
function, 148 (44.6%) with hepatitis flares. The incidence rate
of hepatitis flares during the postpartum period was significantly
higher than that during pregnancy (44.6% vs 12.8%, P < 0.001,
Table 3). Further comparison of the incidence rates of hepatitis
flares in each group during pregnancy and the postpartum
period also showed that the incidence rate of hepatitis flares
during the postpartum period was significantly higher than that
during pregnancy (group A: 41.2% vs 17.7%, P < 0.001; group B:
45.7% vs 10.9%, P < 0.001; Table 3). The incidence rate of
hepatitis exacerbation in the postpartum period was 4.8% (16/
332), which was also higher than the 1.9% (8/415) during
pregnancy (P = 0.026, Table 3). Comparing the incidence rates
of hepatitis exacerbation between the two groups, group A was
slightly higher than group B, which were 9.4% (8/85) and 3.2%
(8/280), respectively, P=0.046.

In group B, about 6 weeks postpartum, 129 patients stopped
NA, and the incidence of hepatitis flares in these patients was
34.1% (44/129). The other 138 patients did not stop NA and the
incidence of hepatitis flares in these patients was 33.3% (46/
138).The difference was not significant (P=0.893).
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Flow chart of enrollment and follow-up of women who were chronic HBV carriers. HBsAg hepatitis B surface antigen, HBV hepatitis B virus, HBeAg
hepatitis B e antigen, ALT alanine aminotransferase, NA nucleos(t)ide analogue, ICP intrahepaticcholestasis of pregnancy, WPP weeks postpartum.

3.3.2 Time of postpartum hepatitis flares

The median time of onset of postpartum hepatitis flares in
group A and group B was both about 6 weeks postpartum, and
the onset of hepatitis flares peaked at approximately 6 weeks
postpartum (Table 4). A total of 148 patients had postpartum
hepatitis flares, 81.8% (121/148) of them occurring
approximately 6 weeks postpartum. The incidence rate of
hepatitis flares at this time point was significantly higher than
that at other follow-up time points (Table 4). Within 24 weeks
postpartum, the cumulative number of hepatitis flare cases was
145, accounting for 98.0% of the total number of cases with
hepatitis flares during the entire postpartum follow-up period.
Only three cases of hepatitis flares were between the 24™ week
and the 48" week of the 48-week follow-up period, accounting
for 2.0% of all postpartum hepatitis flare cases (Figure 2).
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3.3.3 Virological parameters during postpartum
hepatitis flares

Within the 48 weeks of the postpartum follow-up, the
cumulative number of patients with postpartum hepatitis flares
in non-intervention group (group A) was 35, and the median
value of HBV DNA during hepatitis flares was 7.6 log;o ITU/ml;
the cumulative number of cases with postpartum hepatitis flares
in intervention group (group B) was 113, including patients with
drug cessation and patients without drug cessation, and the
median value of HBV DNA during hepatitis flares was 4.4 log;,
IU/ml, significantly lower than that in group A (P < 0.001). In
group B, the HBV DNA levels at the onset of hepatitis flares were
compared between patients with drug cessation and patients
without drug cessation. The former had 67 cases of hepatitis
flares and the median value of HBV DNA was higher, 5.6 log;,
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TABLE 1 General information of the two groups.

10.3389/fimmu.2022.1031291

General information® Group Anon-intervention group (n=113) Group Bintervention group (n=302) P-value
Age (years) 27.1 43 28.9 + 4.2 0.400
Baseline HBV DNA 7.6 £0.5 7.8 0.6 0.327
(logyo IU/ml)

Baseline HBeAg 3.0+£02 31+04 0.141
(log;o COI)

Baseline ALT (U/L) 20.1 (15.9-29.9) 263 (19.0-39.2) 0.050
Genotype 0.401
B 33 (29.2%) 72 (23.9%)

C 80 (70.8%) 229 (75.8%)

A 0 (0.0%) 1 (0.3%) —
Weeks of intervention NA 28 (24-28)

Types of intervention medications (TDF/LDT) NA TDF 203 (67.2%) —

LDT 99 (32.8%)

HBV hepatitis B virus, HBeAg hepatitis B e antigen, ALT alanine aminotransferase, TDF tenofovir disoproxil, LDT telbivudine, NA not available.

“General information were presented as mean + standard deviation, median (interquartile range) or n (%).

IU/ml; the latter had 46 cases of hepatitis flares and the median
value of HBV DNA was lower, 3.3 log;q IU/ml, the difference
was significant (P < 0.001).

4 Discussion

According to the recommendations of the recent guidelines
for the management of hepatitis B (7-10), NAs are widely used
in pregnant chronic HBV carriers in China to prevent maternal-
to-child transmission. We conducted a prospective cohort study
to investigate whether drug cessation after NA intervention was

TABLE 2 Incidence of hepatitis flare during pregnancy in two groups.

safe for mothers and the characteristics of the hepatitis flares in
pregnant and postpartum women. The results of our study
suggested that the overall incidence rates of hepatitis flares and
hepatitis exacerbation were 12.8% and 1.9% in 415 chronic HBV
carriers during pregnancy. These results were consistent with
previous studies. The retrospective study by Kushner (11)
suggested that the incidence of hepatitis flares during
pregnancy in women with chronic HBV infection was 14%
and that the incidence rate of ALT > 10 x ULN was 2%. Our
study also observed that the incidence rate of hepatitis flares
during pregnancy was 11.1% (46/415) in non-intervention state,
which was much higher than that (2.3%, 7/302) in intervention

Group A non-intervention group (n=113) Group B intervention group (n=302) P-value

Proportion of mildly abnormal 5 (4.4%)
liver function™ n (%)

Hepatitis flare* incidence n (%) 20 (17.7%)
Proportion of hepatitis exacerbation® n (%) 1 (0.9%)
Time of hepatitis flare onset(week)® 14 (12-32)

Hepatitis flare incidence at each follow-up time point®

First trimester 6/113 (5.3%)
Second trimester 13/107 (12.1%)
Third trimester 1/94 (1.1%)
The level of HBV DNA at the onset 7.7+0.7

of hepatitis flare (log;o 1U/ml)®

HBYV hepatitis B virus.
“median (interquartile range).
“mean + standard deviation.

29 (9.6%) 0.087
33 (10.9%) 0.066
7 (2.3%) 0.345
17 (13-28) 0.730
8/302 (2.6%) 0.181
18/294 (6.1%) 0.046
71276 (2.5%) 0.662
73+ 1.1 0.570

Mildly abnormal liver function, upper limit of normal (ULN) < alanine aminotransferase(ALT)< 2 xULN (ULN was 40 U/L).

*Hepatitis flare, ALT > 2 xULN.

* Hepatitis exacerbation, ALT > 10 x ULN or Total bilirubin = 5 x ULN, ULN was 17.1umol/L.
Patients with abnormal liver function test results were re-examined within 2 weeks, and any liver injury-inducing factors, such as alcohol, fat, immunity, and drugs, had to be excluded by a

clinicians’ assessment.

§ When calculating the incidence rate of hepatitis flare at each follow-up time point during pregnancy, the total number of patients at each follow-up time point did not include patients who

have had hepatitis flares before and those who were lost to follow-up.
P<0.05 is shown in bold.
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TABLE 3 Comparison of incidence of hepatitis flare during pregnancy and postpartum.

Total Group A non-intervention group Group B intervention group
Pregnancy  Postpartum  P- Pregnancy  Postpartum  P- Pregnancy  Postpartum  P-

(n=415) (n=332) value (n=113) (n=85) value (n=302) (n=247) value
Hepatitis flare* 53 (12.8%) 148 (44.6%)  <0.001 20 (17.7%) 35(412%)  <0.001 33 (10.9%) 113 (45.7%)  <0.001
incidence®
Hepatitis 8 (1.9%) 16 (4.8%) 0.026 1 (0.9%) 8 (9.4%) 0.012 7 (2.3%) 8 (3.2%) 0.510
exacerbation
incidence®
“n (%).

*Hepatitis flare, ALT > 2 x ULN.

* Hepatitis exacerbation, ALT > 10 x ULN or Total bilirubin = 5 x ULN, ULN was 17.1umol/L.
Patients with abnormal liver function test results were re-examined within 2 weeks, and any liver injury-inducing factors, such as alcohol, fat, immunity, and drugs, had to be excluded by a

clinicians’ assessment.
P<0.05 is shown in bold.

state. This suggests that hepatitis flares during pregnancy might
not be associated with NA intervention because hepatitis flares
occurred regardless of whether the intervention was applied, and
the incidence of flares in non-intervention state was higher.The
incidence of hepatitis flares might be mainly due to changes in
immune function caused by physiological changes during
pregnancy. However, there were inconsistent reports. Bzowej
et al. (12) reported that the incidence rate of hepatitis flares in
pregnant women with chronic HBV infection without
intervention was 3.4% (5/149), which was comparable to the
incidence rate of flares in pregnant women with
intervention (2.0%).

In this study, among the 332 patients who were followed up
to 48 weeks postpartum and included in the postpartum
analysis, the incidence rate was 39.7% for mildly abnormal
liver function, 44.6% for hepatitis flares, and 4.8% for hepatitis
exacerbation. In the non-intervention group and the
intervention group, mildly abnormal liver function and
hepatitis flares were 36.5% and 40.9%, 41.2% and 45.7%,
respectively, and the differences were not significant. But the
proportion of hepatitis exacerbation in the non-intervention
group (9.4%) was higher than that in the intervention group
(3.2%), the difference was significant. Pan et al. (5) reported that
in pregnant women with a high viral load of HBV, the incidence
rates of abnormal ALT (ALT > 40 U/L) and severe hepatitis
(ALT > 400 U/L) between 5 and 28 weeks postpartum were 45%
and 1% in the TDF intervention group and 30% and 3% in the
non-intervention group respectively. The incidence rates of
mildly abnormal liver function in the study of Pan et al. were
consistent with the results of our study, but there was no
difference in the proportion of severe hepatitis in the TDF
intervention group and the non-intervention group, which was
inconsistent with the results of our study. In this study, we
specifically subgrouped the proportion of hepatitis flares (ALT >
2 x ULN), which can reach 41.2% in the non-intervention group
and 45.7% in the intervention group respectively during
postpartum period. According to the domestic and foreign
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hepatitis B guidelines (7-9) recommended standards for
treatment, people with hepatitis flares are the focus of the
recommended population in need of treatment, especially
worthy of clinical attention.

Besides, our study also suggested that regardless of whether
NA intervention was applied, the incidence rates of hepatitis
flares and hepatitis exacerbation was significantly higher in the
postpartum period than during pregnancy (44.6% vs 12.8%, P <
0.001; 4.8% vs 1.9%, P = 0.026). Hepatitis flares could not be
avoided even during NA intervention, and the incidence rates of
hepatitis flares were 2.3% in pregnant women during NA
intervention and 33.3% in postpartum women. Bzowej (12)
et al. also had similar report that the incidence of hepatitis
flares (ALT > 100U/L) during NA intervention in pregnant
women with chronic HBV infection was 2%. The incidence rate
of abnormal ALT (ALT > 40 U/L) was 34% during NA
intervention within 12 weeks postpartum reported by Liu (13).
The results of these studies all suggested that whether the
pregnant or postpartum women were in the state of
intervention, drug cessation or non-intervention, the changes
in ALT level were needed to be observed closely, especially the
postpartum women required closer follow-up.

Regarding the time of onset of hepatitis flares during
pregnancy, it had been reported (13) that about half of
hepatitis flares occurred in the first and second trimester. The
findings of our study showed the median time of onset of
hepatitis flares was 14 weeks and 17 weeks of gestation in
group A and group B, respectively and the hepatitis flares
occurring in the second trimester in group A and group B
accounted for 65.0% and 54.5% of all flare cases in the respective
groups during pregnancy. In addition, our study also observed
that the incidence of postpartum flares peaked at approximately
6 weeks postpartum, and the incidence rates of flares at this time
point in group A and group B (33.7% and 33.7%) were
significantly higher than those at other follow-up time points.
However, some studies reported that the peak of postpartum
hepatitis flares onset was about 12 weeks postpartum (14, 15).
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TABLE 4 Incidence of postpartum hepatitis flare in the two groups.

Group A non-intervention group

Proportion of mildly abnormal 31/85 (36.5%)

liver function™
Hepatitis flare* incidence 35/85 (41.2%)
8/85 (9.4%)

6 (4-7)

Proportion of hepatitis exacerbation™
Time of hepatitis flare onset (week)?®

Hepatitis flare incidence at each follow-up time point®

6 + 2WPP 31/92 (33.7%)
12 £ 2WPP 2/60 (3.3%)
24 + 2WPP 1/57 (1.8%)
36 + 2WPP 0/54 (0.0%)
48WPP 1/51 (2.0%)

The level of HBV DNA at the onset
of hepatitis flare (log;o TU/ml)*

7.6 (7.1-8.2)

HBV hepatitis B virus, WPP weeks postpartum.
“median (interquartile range).

10.3389/fimmu.2022.1031291

Group B intervention group P-value
101/247 (40.9%) 0473
113/247 (45.7%) 0.464

8/247 (3.2%) 0.046
6 (5-8) 0.257
90/267 (33.7%) 0.998
14/174 (8.0%) 0.342
7/157 (4.5%) 0.607
0/145 (0.0%) —
2/136 (1.5%) 1.000
44 (3.3-6.6) <0.001

Mildly abnormal liver function, upper limit of normal (ULN) < alanine aminotransferase (ALT)< 2 xULN (ULN was 40 U/L).

*Hepatitis flare, ALT > 2 XULN.

* Hepatitis exacerbation, ALT = 10 x ULN or Total bilirubin > 5 x ULN, ULN was 17.1umol/L.
Patients with abnormal liver function test results were re-examined within 2 weeks, and any liver injury-inducing factors, such as alcohol, fat, immunity, and drugs, had to be excluded by a

clinicians’ assessment.

§ When calculating the incidence rate of hepatitis flare at each postpartum follow-up time point, the total number of patients at each follow-up time point did not include patients who have

had hepatitis flares before and those who were lost to follow-up.
P<0.05 is shown in bold.

The differences may be associated with the differences in the
time of the first postpartum visit and the interval between
follow-up visits.

Regarding the safe time for drug cessation, 92.3% (385/417)
of patients completed the 48-week follow-up, and 98% of
postpartum hepatitis flares (145/148) occurred within 24
weeks of postpartum, only 2% after 24 weeks. A retrospective
study (16) showed that 96% of abnormal liver function occurred
within 6 weeks postpartum in postpartum women who were
chronic HBV carriers followed up to 6 months postpartum.
Another article (17) reported that 93.3% (42/45) of abnormal
liver function occurred within 3 months postpartum in a sample
of 114 pregnant women with chronic HBV infection that was
followed up to 6 months postpartum. The findings of these two
studies above were different from the results of our study.
According to our data, although the incidence rate of
postpartum hepatitis flares was already high within 12 weeks
postpartum, eight new cases of hepatitis flares and one case of
hepatitis exacerbation occurred from 12 weeks to 24 weeks
postpartum, and only 3 new hepatitis flares occurred from 24
weeks to 48 weeks. Therefore, we believe that postpartum follow-
up should be conducted for at least 24 weeks, which can cover
98% of postpartum hepatitis flare cases.

In addition, the HBV DNA load varied significantly among
the patients with hepatitis flares in the intervention group in this
study. Virological rebound occurred first in patients who
stopped taking NA postpartum, and the HBV DNA level
increased (5.6 logl0 IU/ml) and then could cause hepatitis
flares, which was in line with the general pattern of hepatitis
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flares, namely, high viral load and high ALT level. However, the
hepatitis flare in patients who did not stop NA was different
from the above. Even when the HBV DNA load was lower (3.3
logl0 IU/ml), the ALT level was still elevated. The pattern of
hepatitis flares in patients who did not stop NA was
characterized by high ALT level but low viral load. The
difference between the pattern of hepatitis flare before drug
cessation and that after drug cessation was related to the
different status of drug administration. In general, when the
HBYV DNA load is low, it usually does not trigger hepatitis flares.
If the ALT level increases when the viral load declines, it is more
likely to indicate the enhancement of immune function and the
transition from immune tolerance to immune clearance period.
In addition, other liver injury-inducing factors, such as fatty
liver and drug-induced hepatitis, were excluded in this study.
Pregnancy was generally considered to be in a relatively
immunosuppressive state (18) to avoid rejection, which is
conducive to the growth and development of the offspring, but
the immune function is relatively enhanced during the
postpartum period (2, 19). In addition, with high viral load
during pregnancy, the body tended to be immune tolerant, and
the decline of viral load after delivery is equivalent to weakened
immune tolerance. Some scholars also have reported that many
autoimmune diseases can be relieved during pregnancy but often
recur after delivery (20). These mechnisms might partly explain
the reason why the incidence of postpartum flares (44.6%) was
significantly higher than that (12.8%) of during pregnancy.
However,it has not been reported whether the high ALT level
but low viral load hepatitis flares observed in this study has a

frontiersin.org


https://doi.org/10.3389/fimmu.2022.1031291
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wang et al. 10.3389/fimmu.2022.1031291
» Within 24 weeks postpartum
= 24 to 48 weeks postpartum
FIGURE 2
Distribution of postpartum hepatitis flare.

similar immune mechanism. To explore the therapeutic effects
under this condition, our team (21) treated patients with
pegylated interferon and NA for 96 weeks and achieved
satisfactory treatment outcomes: The HBeAg clearance rate
can reach 56.7% (17/30), and the HBsAg clearance rate was
26.7% (8/30), suggesting that women who did not stop treatment
after delivery may achieve better therapeutic effects if they had
antiviral therapy timely for postpartum hepatitis flares.

In summary, the status of immune tolerance in pregnant women
who were chronic HBV carriers was not always unchanged. Regardless
of whether NA intervention was applied, a certain proportion of
hepatitis flares occurred during pregnancy and postpartum period,
and the incidence rate of hepatitis flares during postpartum(44.6%)
was significantly higher than that during pregnancy (12.8%). The peak
of postpartum hepatitis flare was in 6 weeks. Since 98% of the
postpartum hepatitis flares occurred within 24 weeks postpartum,
patients should be followed up for at least 24 weeks postpartum to
determine whether they can safely stop the treatment.
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