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Abstract
AIM: To investigate the frequency and timing of post-
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partum chronic hepatitis B virus (HBV) reactivation and
identify its pre-partum predictors.

METHODS: Forty-one hepatitis B e antigen (HBeAg)-
negative chronic HBV infected pregnant women were
prospectively evaluated between the 28" and the 32™
week of gestation. Subjects were re-evaluated at 3-mo
intervals during the first post-partum year and every 6
mo during the following years. HBV DNA was determined
using real-time reverse transcription polymerase chain
reaction (Cobas TagMan HBV Test) with a lower detection
limit of 8 IU/mL. Post-partum reactivation (PPR) was
defined as abnormal alanine aminotransaminase (ALT)
levels and HBV DNA above 2000 IU/mL.

RESULTS: Fourteen out of 41 women (34.1%) had pre-
partum HBV DNA levels > 2000 IU/mL, 18 (43.9%) had
levels < 2000 IU/mL and 9 (21.9%) had undetectable
levels. Fourteen women were lost to follow-up (failure
to return). PPR occurred in 8 of the 27 (29.6%) women
evaluated, all within the first 6 mo after delivery (5 at
month 3; 3 at month 6). Five of the 6 (83.3%) women
with pre-partum HBV DNA > 10000 IU/mL exhibited
PPR compared with 3 of the 21 (14.3%) women with
HBV DNA < 10000 IU/mL (two with HBY DNA > 2000
and the third with HBV DNA of 1850 IU/mL), 2 = 0.004.
An HBV DNA level = 10000 IU/mL independently
predicted post-partum HBV infection reactivation (OR
= 57.02, P = 0.033). Mean pre-partum ALT levels
presented a non-significant increase in PPR cases (47.3
IU/L vs 22.2 TU/L, respectively, P = 0.094).

CONCLUSION: In the present study, PPR occurred
in approximately 30% of HBeAg-negative pregnant
women; all events were observed during the first
semester after delivery. Pre-partum HBV DNA level >
10000 IU/mL predicted PPR.
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Core tip: According to our prospective study, the post-
partum reactivation of chronic hepatitis B occurs in
approximately 30% of hepatitis B e antigen-negative
women; all cases are observed during the first 6 mo
after delivery. Among demographic, hematological,
biochemical and viral characteristics, the only pre-
partum parameter predictive for post-partum hepatitis
B virus reactivation is whether the maternal viral load
is greater than 10000 IU/mL between the 28" and the
32™ week of gestation.
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INTRODUCTION

Chronic hepatitis B virus (HBV) infection in pregnancy
is an important global health problem. Over 50%
of the 350 million chronic HBV carriers acquire their
infection perinatally, and the risk of progression to
chronic infection is inversely proportional to the age
at infection™?!. Women of childbearing age with
chronic HBV infection remain a significant source of
HBV transmission worldwide. Thus, the management
of chronic HBV infection during pregnancy is essential
to interrupt perinatal HBV transmission™.

Several published reports and expert opinions
conclude that the major risk factor for immuno-
prophylaxis failure is maternal HBV DNA levels during
the third trimester of pregnancy™®. Serum HBV DNA
determination is suggested between weeks 28 and
32 of pregnancy to determine whether treatment
with nucleoside or nucleotide analogues is needed in
highly viremic women'®®, Moreover, the importance
of maternal viremia has been clearly documented in
the literature because it is positively associated with
cord blood viremia, a parameter that seems to also
affect pregnancy outcome!™ ",

Data concerning the effect of pregnancy on
chronic HBV infection and HBV-related liver di-
sease are limited. In general, there is usually no
deterioration of HBV-related liver disease during
pregnancy™. HBV is a non-cytopathic virus and the
associated liver inflammation is mainly mediated by
the host’s immune response. Moreover, because of
pregnancy-induced immune mediated changes as
well as pregnancy-induced plasma volume expansion,
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serum aminotransferase levels seem to remain within
normal values, even in pregnant women with pre-
existing chronic liver disease***, However, there are
reports of severe HBV flares resulting in liver failure
during the peripartum period, mainly in hepatitis B e
antigen (HBeAg)-positive Asian women™¥. Although
data from Europe concerning the clinical course of
chronic HBV-infected Caucasian pregnant women
in late pregnancy and early postpartum period are
limited"®!, there are no data on post-partum HBV
reactivation among HBeAg-negative chronic HBV-
infected women during long-term follow-up.

The aim of the study was to prospectively evaluate
the frequency and timing of post-partum HBV re-
activation appearance and to identify any pre-partum
virological or hematological-biochemical predictive
factors.

MATERIALS AND METHODS

Between January 2007 and January 2008, a total
of 60 chronic HBV-infected pregnant women were
evaluated between the 28" and the 32™ week of
gestation. Namely, clinical examination, hematological,
biochemical and serological tests were performed at
the Department of Obstetrics and Gynecology of “Elena
Venizelou” Maternal and Perinatal Hospital of Athens,
Greece. A total of 2.0 mL of serum was obtained
from each woman with chronic hepatitis B and
kept at -80 C until further analyses. Viral load in a
0.5-mL sample was determined by real-time reverse
transcription-polymerase chain reaction (COBAS®
AmpliPrep/COBAS® TagMan® HBV Test, v2.0, lower
detection limit: 8 IU/mL, Roche, Basel, Switzerland).

Hepatitis B surface antigen, HBeAg, antibody to
HBeAg, antibody to hepatitis B core antigen (IgM/
total), antibody to hepatitis B surface antigen (anti-
HBs), antibody to hepatitis C virus (HCV), antibody
to hepatitis D virus (HDV) and antibodies to human
immunodeficiency virus (HIV) were detected using
commercially available enzyme immunoassays
(Abbott Laboratories, Abbott Park, IL, United States).
Routine hematological and biochemical tests were
performed using automated techniques.

Pregnant women with acute hepatitis B, HBeAg-
positive chronic infection, co-infections (HCV, HDV,
and HIV), or any known pre-existing liver disease
were excluded from the study. Additionally, wo-
men with known pregnancy-related complications
(intrahepatic cholestasis of pregnancy, HELLP
syndrome, preeclampsia, placental hemorrhage,
etc.), women taking medications (except for iron,
folic acid, calcium and other vitamins or diet su-
pplements), as well as those with known bacterial,
fungal, parasitic or viral infections during pregnancy,
were also excluded from the final analysis. Treatment
and prophylaxis with nucleos(t)ide analogues were
also considered as exclusion criteria. Finally, failure
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Figure 1 Flow chart diagram of the study population. HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; HDV: Hepatitis D virus.

to complete at least a 6-mo post-partum follow-up
period also resulted in exclusion from the study.

All chronic hepatitis B-infected women were
prospectively clinically, virologically and biochemically
evaluated after delivery. In particular, all women
were evaluated virologically [quantitative serum
HBV DNA test, polymerase chain reaction (PCR)]
and biochemically [serum alanine aminotransferase
(ALT) levels] at the 3™ mo and the 6™ mo of the
post-partum period and then only biochemically
(serum ALT levels) every 3 mo for the first post-
partum year and every 6 mo for the following years.
HBV DNA testing was repeated annually in those
with ALT levels within the normal values proposed
by our laboratory (< 35 IU/L). In those with
abnormal serum ALT levels, HBV DNA was calculated
immediately.

Post-partum HBV reactivation was defined as
abnormal serum ALT levels and serum HBV DNA
levels above 2000 IU/L, irrespective of the pre-
partum levels.

Written informed consent was obtained from all
patients. Study protocol was in accordance with the
1975 Declaration of Helsinki and was reviewed and
approved by the “Elena Venizelou” Hospital Ethics
Committee.

Statistical analysis

Continuous variables are presented as the mean %
SD unless stated otherwise. Because of the small
number of patients, continuous variable differences
between the groups presenting or not with HBV
reactivation were evaluated as independent samples
using the Mann-Whitney U-test. Categorical variable
differences between the HBV reactivation and no-
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reactivation groups were evaluated using the z°
Fisher’'s exact test. The Kaplan-Meier plot was
used to estimate cumulative hazard and event free
time for post-partum HBV reactivation for patients
according to their pre-partum serum HBV DNA levels
(< or = than 10000 IU/mL); data regarding timing
of events were interval censored.

Multivariate logistic regression analysis (enter
method with forced entry of independent variables)
was performed to further evaluate the association of
HBV DNA levels = 10000 IU/mL with post-parturm
HBV reactivation after adjustment for the percentage
of polynuclear cells and lymphocytes within the total
white blood cell count.

A P-value < 0.05 was considered statistically
significant. Statistical analysis was performed using
SPSS 19 for MacOS (SPSS Inc, Chicago, Illinois, United
States).

RESULTS

A total of 60 women were initially considered to be
candidates for the study. Nineteen women were
excluded from the final analysis per the study
exclusion criteria. The flow chart diagram of the
study population is presented in Figure 1.

Among the remainder of the 41 chronically infected
pregnant women, 32/41 (78.1%) were HBV DNA-
positive whereas 9/41 (21.9%) had undetectable HBV
DNA levels in the pre-partum period. In particular,
18/41 (43.9%) women had detectable HBV DNA
levels that were lower than 2000 IU/mL, and 14/41
(34.1%) had HBV DNA levels above 2000 IU/mL.
Importantly, in a significant proportion of women
with viremia above 2000 IU/mL, the HBV DNA levels
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Table 1 Pre-partum (3" trimester of pregnancy) hematological,

biochemical and virological characteristics of chronic hepatitis
B virus-infected patients

Overall No-reactivation HBV- P
population reactivation  value
Patients, n 27 19 8
Hct 35.9% £ 4.0% 35.1% £ 3.0% 37.8% £5.6% 0312
Hb, g/dL 12.0+1.4 11.6£1.1 12.7+1.8 0.207
WBC, n 8.677 +2.835 8.835 +3.122 8.308 £2.231 0.444
PNL 67.3% £10.3% 68.8% £11.0% 62.3% £6.2% 0.008
LYMPHO 24.3% £9.1% 23.1% £9.8% 28.5% £5.2% 0.035
MONO 5.9% +1.8% 5.6% +1.9% 6.8% +1.0% 0.192
PLT, /10° 209 + 41 212 +45 202 +31 0.968
AST, IU/L 27.6 £14.7 23.8+6.9 353+228 0.585
ALT, IU/L 30.6 £28.2 222+13.0 473+424 0.094
GGT, IU/L 12.8+£6.8 142172 98+54 0.210
LDH, IU/L 203.8 + 85.6 180.6 £ 79.5 250.2+88.8 0.214
TBIL, mg/dL 0.51£0.29 0.53 £0.34 047 £0.19 1.000
DBIL, mg/dL 0.22 £0.20 0.26 £0.24 0.15£0.06 0.462
TPROT, g/dL 6.67 £0.58 6.84 £ 0.48 6.23+0.66 0.138
ALB, g/dL 3.59 +£0.39 3.71+0.32 3.25+0.39 0.078
GLOB, g/dL 3.07 £0.39 3.10+0.42 297+0.34 0.661
HBV DNA > 6 (22.2) 1(5.2) 5 (62.5) 0.004
10000 IU/mL,

n (%)

HBV: Hepatitis B virus; Hct: Hematocrit; Hb: Hemoglobin; WBC: White
blood cells; PNL: Polynuclear cells; LYMPHO: Lymphocytes; MONO:
Monocytes; PLT: Platelets; AST: Aspartate transaminase; ALT: Alanine
transaminase; GGT: Gamma-glutamate transpeptidase; LDH: Lactate
dehydrogenase; TBIL: Total bilirubin; DBIL: Direct bilirubin; TPROT: Total
protein; ALB: Albumin; GLOB: Globulins.

were elevated more than >10000 IU/mL during the
third trimester.

Fourteen women failed to follow-up after delivery
and were excluded from the analysis. The remaining
27 women who were evaluated were followed for a
period of 6 to 60 mo.

Eight out of the 27 (29.6%) HBeAg-negative
chronic HBV-infected women showed a post-partum
ALT flare with concomitant elevation in viremia
above 2000 IU/mL. It is also important to note
that all HBV reactivation cases were documented
during the first 6 mo after delivery (5 cases were
observed during the third month; the remaining 3
cases during the sixth month of follow-up). Women
in whom HBV reactivation was not observed during
this early post-partum period did not present an
event during the follow-up period (17.6 £ 3.5 mo).

Age (27 £ 9.4 years vs 28.4 = 5.8 years, P =
0.147), weight (70.8 £ 16.7 kg vs 69.2 £ 11.7 kg,
P = 0.283), height (1.64 = 0.05 m vs 1.64 = 0.05
m, P = 1.00), body mass index (26.1 £ 5.3 kg/m?
vs 25.6 £ 3.9 kg/m?, P = 0.849), as well as weight
gain during pregnancy (10.8 £ 0.83 kg vs 11.5 =
3.59 kg, P = 0.594), were comparable among the
women who exhibited HBV reactivation and those
who did not. Detailed pre-partum hematological,
biochemical and virological characteristics of the
HBV-reactivation as well as no-reactivation cases are
presented in Table 1.
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Post-partum HBV infection reactivation
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Figure 2 Cumulative Hazard plot for post-partum hepatitis B virus
reactivation. HBV DNA: Hepatitis B virus deoxyribonucleic acid; PPR: Post-
partum reactivation.

The pre-partum peripheral white blood cell eva-
luation of the HBV-reactivation group revealed a
lower percentage of neutrophils and higher per-
centage of lymphocytes (62.3% + 6.2% vs 68.8%
+ 11%, P = 0.008 and 28.5% %= 5.2% vs 23.1%
+ 9.8%, P = 0.035, respectively) than in the no-
reactivation group.

The women who exhibited post-partum HBV
reactivation had comparable absolute lymphocyte
counts (2099 + 230 vs 1862 = 107, P = 0.382)
and exhibited a tendency toward lower absolute
neutrophil counts (4582 + 381 vs 6278 + 710, P
= 0.079) during the third trimester of pregnancy
compared to women without HBV reactivation.
The pre-partum serum aspartate transaminase,
ALT and gamma-glutamate transpeptidase levels
were comparable among the HBV-reactivation and
no-reactivation cases, as shown in Table 1. It is
important to note that the pre-partum serum ALT
levels were within the normal range of our laboratory
in the vast majority of patients, except for two
women with HBV DNA levels of 40000 and 45000
IU/L, who had serum ALT levels of 120 and 95
IU/L, respectively. Both of them continued to have
abnormal ALT and high HBV DNA levels during the
early post-partum period (at month 3 of follow-up).

On one hand, none of the chronic HBV-infected
pregnant women with undetectable HBY DNA
levels during the pre-partum period presented
HBV-reactivation. On the other hand, the majority
of HBV-reactivation cases (5/8 women, 62.5%)
had pre-partum HBV DNA levels above 10000 IU/
mL, and the remaining three reactivation cases
exhibited serum HBV DNA levels of 8620, 2550
and 1850 IU/mL. In the multivariate analysis, after
adjustment for lymphocyte and neutrophil blood
count, pre-partum serum HBV DNA levels above
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10000 IU/mL continued to significantly predict
HBV reactivation. Using the cut-off of 10000 IU/mL
for pre-partum HBV DNA levels, it seems feasible
to discriminate HBV-reactivation cases from non-
reactivation cases (P = 0.004), as shown in
Figure 2 and Table 1. Moreover, HBV DNA levels
= 10000 IU/mL independently predicted post-
partum HBV infection reactivation after adjusting
for the percentage (within total white blood cells)
of neutrophils and lymphocytes (OR = 57.02, P =
0.033).

Five out of the 8 women with HBV reactivation
initiated treatment with nucleos(t)ide analogues
(three with tenofovir, one with entecavir and one
with telbivudine), achieving long-term biochemical
(normal ALT values) and virological (undetectable
HBV DNA levels) responses. It is important to
note that the remaining three women with HBV
reactivation who declined treatment because of
continuing lactation were followed up and had
spontaneous disease remission. In 2 of these 3
women, HBV DNA decreased < 2000 IU/mL and ALT
to normal levels in the following months of follow-
up (36 and 24 mo, respectively), and only one had
normal ALT levels and HBV DNA levels between
2000-10000 IU/mL during 24 mo of follow-up.

DISCUSSION

During pregnancy, several alterations in immune
status allow women to tolerate the genetically di-
fferent fetal tissues. Recently, there has been an
increasing interest in the aspects and the possible
mechanisms of a specific immunoregulation during
pregnancy®*®\. In general, a shift in the Th1-Th2
balance toward a Th2 response with increased
amounts of regulatory T-cells is observed. This
could also explain the tolerance against infectious
agents, such as HBV. Pregnancy-induced endocrine
and immune changes result in elevation of HBV
DNA levels and normalization of liver tests between
the first, second and third trimester of pregnancy
in chronic HBV-infected women!'”), Moreover, the
well-documented pregnancy-related plasma volume
expansion and serum dilution***, especially during
the third trimester of pregnancy, might significantly
affect serum HBV DNA levels as well as serum
aminotransferase levels. Therefore, both parameters
may be underestimated during late pregnancy.
All these changes in immune status recover after
delivery and the mother’s immune system fully
restores its function, a phenomenon that could
be responsible for the observed post-partum
exacerbation of chronic infections and autoimmune
diseases™*°,

Severe HBV reactivation cases causing fulminant
liver failure during pregnancy have been reported
in the literature. These cases mainly occurred in
Asian HBeAg-positive or negative chronic HBV-
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infected pregnant women during the 2™ or the 3™
trimester of pregnancy™, as well as in HBeAg-
positive Caucasian women with high HBV DNA
levels!®. There is only one retrospective cohort
study concerning the exacerbation of chronic HBV
infection after delivery in a mixed population of 38
HBeAg-positive and negative chronic HBV-infected
women™, In that study, a significant increase of
liver disease activity was observed in 45% of cases
after delivery, irrespective of pre-partum serum
ALT or HBV DNA levels or the HBeAg status. It is
important to note that 63% of the patients of the
study of ter Borg et al'**’ were HBeAg-positive and
45% were categorized in the immunotolerant phase
of chronic HBV infection. Our study is the only study
that specifically addresses the post-partum clinical
outcome of HBeAg-negative chronic hepatitis B
pregnant women. This population, characterized
by lower serum HBV-DNA levels compared to
their HBeAg-positive counterparts, represent the
majority of chronic patients of reproductive age in
Greece™, as well as in other Mediterranean and
Balkan countries. We found that approximately one-
fifth of the study population (21.9%) presented
undetectable serum HBV DNA levels during the third
trimester of pregnancy using a sensitive PCR assay
and that about one-third (34.1%) of the HBeAg-
negative chronic HBV-infected pregnant women
exhibited HBV DNA levels above 2000 IU/mL.
These findings are consistent with previous studies
in HBeAg-negative chronic HBV-infected pregnant
women'™?) among whom a considerable number
of inactive carriers may exist. Distinguishing inactive
carriers from chronic hepatitis B patients among
the total HBeAg-negative chronic HBV-infected
population is very difficult using only biochemical and
virological parameters. In general, the differential
diagnosis of HBeAg-negative chronic HBV-infected
patients should be initially based on the combination
of ALT activity and serum HBV-DNA levels. Patients
who present with HBV-DNA levels above 2000 IU/
mL almost always have elevated ALT values, as
opposed to patients with lower HBV DNA levels who
can be either inactive carriers or chronic hepatitis
B cases™'!. Pregnancy-induced immune changes,
preghancy-related plasma volume expansion and
serum dilution during the third trimester seem to
further impair the differential diagnosis, based on
virological and biochemical values. Only 2 out of
8 women with post-partum HBV reactivation had
abnormal pre-partum ALT levels, whereas the
majority of reactivation cases exhibited pre-partum
HBV-DNA levels above 10000 IU/mL. Only one
woman with HBVY DNA < 2000 IU/mL and no women
with undetectable pre-partum HBV DNA levels
exhibited post-partum HBV reactivation.

Described early on by Rudolf Virchow, the
physiologic leucocytosis of the third trimester
of a normal, uncomplicated pregnancy that nor-

January 28, 2015 | Volume 21 | Issue 4 |



Elefsiniotis I ef a/. Post-partum reactivation of CHB infection

malized readily after delivery represents a well-
known phenomenon®?4, Additionally, it has been
reported that pregnant women present lower ly-
mphocyte counts than non-pregnant women®,
Lymphocyte proliferation and activation is a well-
known phenomenon in patients with viral infections®.
In our study, women who exhibited post-partum
HBV reactivation had a significant difference in the
percentage of neutrophils (62.3% £ 6.2% vs 68.8%
£ 11%; P = 0.008) and lymphocytes (28.5% % 5.2%
vs 23.1% £ 9.8%; P = 0.035) among total white
blood cells of the peripheral blood observed during
the pre-partum period compared to non-reactivation
cases. Moreover, the absolute lymphocyte count
was comparable and the absolute neutrophil count
was lower in the reactivation cases than in the non-
reactivation cases. Although non-significant, this
finding is most likely because of the major effect of
pregnancy per se on the absolute neutrophil count.
It may be that the level of maternal viremia affects
the well-known pregnancy-induced leucocytosis, as
well as the left shift in myeloid-neutrophilic lineage;
a finding that needs further investigation in large
scale studies.

Nevertheless, our present study has some limi-
tations, such as the relatively small humber of study
subjects, of which a significant percentage were
excluded from the final analysis because of either
the exclusion criteria of the study or being lost to
follow-up. It is well-known that being lost to follow-
up frequently occurs even in large, randomized
controlled trials of chronic HBV-infected pregnant
women. Despite these limitations, we believe that
the study population is able to represent the total
HBeAg-negative chronic HBV-infected Caucasian
population, prospectively examined in respect
to post-partum viral reactivation, taking into ac-
count pre-partum virological, biochemical and
hematological data.

In conclusion, post-partum HBV reactivation
occurs in approximately 30% of HBeAg-negative
chronic HBV-infected women and all events are
recorded in the first semester after delivery. Pre-
partum HBV DNA levels above 10000 IU/mL appear
to be a significant predictor of post-partum HBV
reactivation.

COMMENTS

Background

Perinatal transmission of chronic hepatitis B remains an important source
of hepatitis B virus (HBV) worldwide, but the data concerning the effect of
pregnancy on chronic HBV infection and HBV-related liver disease are limited.
Additionally, the frequency and the timing of post-partum hepatitis B reactivation
among hepatitis B e antigen (HBeAg)-negative women are not fully elucidated.
Research frontiers

During pregnancy, there is usually no deterioration of HBV-related liver disease.
On the contrary, there are reports of severe HBV flares resulting in liver failure
during the peripartum period, mainly in Asian women with the HBeAg-positive
form of chronic HBV infection. In this study, the authors evaluate the frequency
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and timing of post-partum HBV reactivation, as well as its predictive factors.

Innovations and breakthroughs

Recent reports have highlighted the importance of maternal HBV DNA
levels during the third trimester of pregnancy as the major risk factor for
immunoprophylaxis failure. This is the first study demonstrating that post-
partum HBV reactivation is observed in approximately 30% of HBeAg-negative
women, all during 6 mo after delivery and mainly in women with serum HBV
DNA > 10000 IU/mL during the third trimester of gestation.

Applications

The knowledge of timing and risk factors of chronic hepatitis B reactivation
helps clinicians optimize the measurements of HBV DNA during pregnancy,
modify the immunoprophylaxis of infants, and monitor women after delivery.

Terminology

Chronic hepatitis B may present either in HBeAg-positive or HBeAg-negative
form. Without immunoprophylaxis, perinatal transmission occurs in 5% to 20%
of infants born to HBeAg-negative mothers and in 70% to 90% of infants born to
HBeAg-positive mothers. Maternal viral load in the third trimester is correlated
with perinatal transmission.

Peer review

Data concerning post-partum reactivation of chronic HBV infection among
HBeAg-negative women are rare. This study evaluated the frequency and
timing of the appearance of post-partum HBV reactivation and identified its
pre post-partum virological and biochemical predictors. The results will help
clinicians optimize HBV management during pregnancy and identify women at
risk for HBV reactivation after delivery.
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