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ABSTRACT

Whether telbivudine (LdT) treatment to pregnant women with hepatitis B surface antigen (HBsAg)
affects infant immune response to hepatitis B vaccine (HepB) has not been investigated. A total of
127 HBsAg positive mothers and their neonates were enrolled and followed up at 11-13 months.
Mothers took LdT (LdT group) or did not receive antiviral therapy (control group). Infant anti-HBs,
immune cells and cytokines were measured after HepB was administered according to 0-1-6
procedure. We performed a 1:3 propensity score matching (PSM). Immune indexes in the two
groups were compared. Baseline characteristics of mother-baby pairs were comparable in LdT
group and control group. Infant anti-HBs geometric mean concentration (GMC) did not differ
significantly between the two groups [767.70 (745.35) vs. 711.90 (819.60), P = .599]. There was no
difference between the two groups in infant positive rate of anti-HBs [97.8% (91/93) vs. 97.1% (33/
34), P = .999] and strong positive rate of anti-HBs [40.9% (38/93) vs. 44.1% (15/34), P = .742]. Infants
with negative, low, medium, and high anti-HBs levels were similarly distributed between the two
groups (P = .511). No differences in proportion of helper T cells, cytotoxic T cells, B cells, myeloid
dendritic cells, and plasmacytoid dendritic cells of infants (P > .05) were detected between the two
groups. Children in the LdT and control group had comparable levels of interleukin-2, interleukin-4,
interleukin-6, interleukin-10, interleukin-12, interferon-qa, interferon-y and tumor necrosis factor-a
(P > .05). Intrauterine exposure to LdT was safe to infant immune response to HepB after birth.
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1. Introduction

Chronic infection with hepatitis B virus (HBV) remains

development.”'" Few data exist on the safety assessment of
a serious global health problem, affecting approximately

infant immune response to HepB after exposure to the LdT

296 million people worldwide and causing 820 000 deaths in
2019 due to Hepatitis B related diseases." Among many routes
of HBV transmission, HBV mother-to-child transmission
(MTCT) is one of the most prominent route.’

Management with hepatitis Bimmunoglobulin (HBIG) and
hepatitis B vaccine (HepB) within 24 h after birth has achieved
over 90% efficacy in preventing MTCT.>* Unfortunately,
approximately 5-10% of infants born to highly viremic
mothers are still infected with HBV  despite
immunoprophylaxis.”® Additional interventions to further
decrease MTCT rate are in urgent need.

Peripartum antiviral prophylaxis is highly effective at further
reducing the risk of HBV MTCT.” Telbivudine (LdT), as one of
the nucleoside analogues, has been proven to be effective in
reducing the viral load of women at delivery and the risk of
HBV MTCT by 92% to 87%.”° However, LdT therapy during
pregnancy remains a challenge for clinicians because the safety
of fetal exposure to LdT is a primary concern.”"°

Several research teams have reported that taking LdT during
pregnancy does not affect neonatal death, preterm birth, con-
genital abnormalities, infant growth, and neurocognitive

before birth.

One of the adverse effects of LdT on the persons taking the
drug is neutropenia, which occurs in 2% of patients based on
two clinical trials 007 GLOBE and NV-02B-015. Leukopenia
and neutropenia were observed in a case report study when
LdT was administered to a highly viremic patient with HBV.'>
In animal studies, LdT crossed the placenta in rats and
rabbits.”> LdT in the mother’s blood circulation may cross
the placental barrier and cause fetal LdT exposure. We con-
cern that fetal LdT exposure may affect development of the
immune system and anti-HBs production in infants after
vaccination. Given the increasing use of LdT in pregnant
women with high HBV loads, data on the effects of fetal
LdT exposure on infant immunity index and serologic
response to HepB is urgently needed. The impact of LdT
used for the management of mothers with high HBV DNA
on the cellular and humoral immunity of infants has not been
historically systematically studied.

Therefore, we designed a cohort study to evaluate anti-HBs,
immune cells and cytokines of babies aged 11-13 months after
LdT therapy to HBsAg positive pregnant women.
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2. Materials and methods
2.1. Design

This cohort study was conducted at the Third People’s Hospital
of Taiyuan in China. We recruited eligible HBV-infected preg-
nant women at delivery (within a window of +10 days) and
their neonates from June 2011 to July 2013. Mothers received
LdT 600 mg once daily from gestational week 21-31 until
delivery (LdT group) or did not receive antiviral therapy (con-
trol group) based on their willingness, which was compatible
with recommendations at that time.'* Participating infants
received HBIG within 24 h after birth and HepB at 0, 1, and
6 months and were followed at 11-13 months of age to assess
immune consequences. The study was approved by the Ethics
Committee of Shanxi Medical University and informed con-
sent was obtained from participants (approval number:
2015LL073).

2.2. Participants

The inclusion criteria were HBsAg positive mothers and their
live births. The exclusion criteria were mothers coinfected with
hepatitis C virus, hepatitis D virus, human immunodeficiency
virus, syphilis and twins.

2.3. Exposure and baseline measurements

We acquired antiviral treatment data and baseline information
including maternal gestational age, delivery mode, HBsAg,
HBeAg, HBV DNA, neonatal gender and weight by question-
naires and medical records. Maternal quantitative HBsAg,
HBeAg and HBV DNA at delivery was measured using elec-
trochemiluminescence immunoassay (ECLIA) (Roche
Diagnostics GmbH, Germany) and a real-time PCR-TaqgMan
kit (DAAN Gene Co. Ltd., Sun Yat-sen University,
Guangdong, China), respectively.

2.4. Outcome assessments

Primary outcomes of this study are infant anti-HBs titers,
helper T cells, cytotoxic T cells, B cells, dendritic cells, IL-2,
IL-4, IL-6, IL-10, IL-12, INF-a, IFN-y and TNF-a. Venous
blood was collected from every infant aged 11-13 months.
Anti-HBs was measured using ECLIA (Roche Diagnostics
GmbH, Germany). Negative level, low level, medium level
and high level of anti-HBs was defined as anti-HBs titers
~9.99 mlIU/ml, 10 mIU/ml~99.99 mIU/ml, 100 mIU/
ml~999.99 mIU/ml and 1000 mIU/ml ~, respectively. We
applied Flow CytoMetry (FCM) to measure the proportion of
CD3+CD4+T cells (Helper T cells, Th), CD3+CD8+T cells
(Cytotoxic T cells, Tc), CD3-CD19+B cells, Lineage -HLADR
+CD11c+myeloid dendritic cells (mDC) and Lineage -HLADR
+CD123+plasmacytoid dendritic cells (pDC) in babies aged
11-13 months. Supplementary Table S1 shows antibodies used
in FCM. Cytokines was tested by MultiSciences Biotech Co.,
Ltd., Hangzhou, China using MAGPIX (Luminex, US) and
ProcartaPlex Human IL-2, IL-4, IL-6, IL-10, IL-12, INF-q,
IFN-y and TNF-a Simplex 96 tests (eBioscience, US).

2.5. Statistical methods

The characteristics of the mothers and neonates at baseline
were reported using number with percentages (n, %), means
with standard deviations (mean + SD) and medians with inter-
quartile ranges. Anti-HBs geometric mean concentration
(GMC) was calculated.

To minimize group differences on covariates between the
LdT group and control group, we used a 1:3 propensity score
matching (PSM). PSM is a statistical method that balances the
covariates of two groups and reduce confounding bias,
enabling more accurate comparisons within observational stu-
dies by simulating randomized controlled trials (RCT)."
Propensity scores were calculated with logistic regression.
Matching on the propensity scores was done with a nearest-
neighbor algorithm. The standardized mean difference (SMD)
was calculated as the means divided by the square root of the
half sum of the two variances to assess the balance of variables
used for matching. After PSM, if SMD of each matched vari-
able is less than 0.10, it indicates that these variables are
comparable in both groups after PSM. The matched data in
the two groups were compared using Mann-Whitney U test,
Fisher’s exact test or Chi-Square test for babies’ anti-HBs and
immune indexes. Sensitivity analysis was used to evaluate the
robustness of the results by univariate and multivariate ana-
lyses on the complete dataset.

Statistical analyses were performed using R 4.0.3 and SPSS
version 22.0 (SPSSInc., Chicago, IL, USA). All tests were two-
tailed, and P < .05 was considered to indicate statistical
significance.

3. Results
3.1. Enrollment and follow-up of the subjects

We recruited 399 HBsAg positive pregnant women. A total of
168 mother-baby pairs remained after PSM and 127 infants
retained in the final analysis. Figure 1 depicts the enrollment
and follow-up of the subjects. No infants had congenital
malformations.

3.2. Descriptive data before and after PSM

Table 1 lists the demographic and clinical information of
participants before and after PSM. Maternal HBsAg, HBeAg,
HBV DNA, infant gender and weight were not comparable
between LdT and control group (P < .05 and/or SMD > 0.10)
before PSM. The baseline characteristics of mother-baby pairs
were comparable in the two groups after PSM (P > .05 and/or
SMD < 0.10).

3.3. Infant immune consequences

3.3.1. Infant anti-HBs level after hepatitis B vaccination

Maternal LdT administration during pregnancy did not reduce
infant anti-HBs GMC after vaccination against hepatitis
B [767.70 (745.35) vs. 711.90 (819.60), P = .599]. There was
no difference between LdT and control group in infant positive
rate of anti-HBs [97.8% (91/93) vs. 97.1% (33/34), P = .999] and
strong positive rate of anti-HBs was [40.9% (38/93) vs. 44.1%



HUMAN VACCINES & IMMUNOTHERAPEUTICS . €2029259-3

[ 399 pregnant women with hepatitis B were recruited J

J v

[ 47 with antiviral therapy J

352 without antiviral therapy J

[ 5 was excluded due to taking other antiviral drugs J<—

[ 42 with LdT treatment

maternal HBVDNA/ HBsAg/HBeAg

{

4 was excluded for missing quantitative data on }

1
I
1

{ 42 neonates

{ 348 neonates }

1:3 matching

[ 42 neonates were in the LdT group }

=

[ 34 infants were in the LdT group J

[ 8 were loss to follow-up

Figure 1. Enroliment and follow-up of the subjects.

Table 1. Baseline characteristics of participants before and after PSM.

[ 126 neonates were in the control group J

33 were loss to follow-up J

[ 93 infants were in the control group J

Variable Before PSM After PSM

n (%)/Mean + SD LdT (n = 42) Control (n = 348) P SMD LdT (n = 42) Control (n = 126) P SMD
Mothers

Gestational

Age(week) 39.14+£1.20 39.05 + 1.12 610 0.078 39.14 £ 1.20 39.12 £ 1.02 900 0.020
Mode of delivery

Vaginal 12(28.57) 167(47.99) 12(28.57) 40(31.75)

Cesarean section 30(71.43) 181(52.01) .017 0.425 30(71.43) 86(68.25) .847 0.069
HBsAg (103S/CO) 1.78 £1.39 3.27 + 2.48 <.001 -1.079 1.78 £1.39 1.73 £1.76 .884 0.032
HBeAg (10%5/CO) 8.93 +5.19 3.99 + 5.69 <.001 0.951 8.93 +5.19 8.52 +£ 596 .689 0.079
HBVDNA (107|U/m|) 714 £ 174 5.46 £ 1.50 503 0.096 714 £ 174 8.78 £ 1.60 574 —0.094
Neonates

Gender

Male 23(54.76) 157(45.11) 23(54.76) 62(52.38)

Female 19(45.24) 191(54.89) 236 -0.194 19 (45.24) 60 (47.62) 929 —0.048
Weight(kg) 346 + 042 3.38 £ 043 235 0.195 346 + 042 343 +043 .681 0.074

Abbreviations: PSM, Propensity score matching; SMD, Standardized mean difference.

(15/34), P = .742] (Table 2). Infants with negative, low, med-
ium, and high anti-HBs levels were similarly distributed
between the two groups (P = .511) (Figure 2).

3.3.2. Infant immune cells and cytokines after hepatitis

B vaccination

Maternal LdT therapy during pregnancy did not signifi-
cantly reduce the proportion of Th, Tc, B cells, mDC and
pDC among offspring (P > .05). Infant IL-2, IL-4, IL-6, IL-
10, IL-12, INF-a, IFN-y, TNF-a and Th1/Th2 levels were
comparable between the two groups, despite slightly higher
IFN-a, IFN-y and Thl/Th2 of infants in LdT group
(P > .05) (Table 2).

3.3.3. Sensitive analysis

Anti-HBs, immune cells and cytokines were comparable
among babies in LdT group and control group on unmatched
data in univariate analysis except for infant Th cells
(Supplementary Table S2). In multivariate analysis, infant
immune indicators in both groups were similar on the com-
plete dataset (Supplementary Table S3).

3.4. The rate of HBV MTCT

The rate of HBV MTCT among 168 mother-baby pairs is
0.60% (1/168). The rate of HBV MTCT were 0% (0/42) in
LdT group and 0.79% (1/126) in the control group, respectively
(P = .750).

4. Disscussion

There are limited but much needed information concern-
ing the adverse outcomes based on infant immunity after
maternal LdT treatment during pregnancy. Our work
showed children with prenatal exposure to LdT had com-
parable immune cells, cytokines and anti-HBs level at 11—
13 months of age as those who were unexposed to LdT.
We revealed intrauterine exposure to LdT did not affect
infant immune response to HepB.

LdT is efficiently converted into the active triphosphate
metabolite with a long intracellular halflife,'® having potent
antiviral activity against HBV."” In pre-clinical animal studies,
LdT crossed the placenta in rats and rabbits, but not demon-
strated any teratogenicity in rats at doses 6 times higher than
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Table 2. Quantitative comparison of infant immune outcomes between LdT and
control group after PSM.

Outcomes, M(IQR) LdT group Control group z P
Infant with anti-HBs, n 34 93

Anti-HBs GMC (mlU/mL)  767.70(745.35) 711.90(819.60) —0.526  .599
Positive rate of anti-HBs ~ 97.1%(33/34) 97.8%(91/93) - .999°
Strong positive rate 40.9%(38/93) 44.1%(15/34) 0.109 .742°

of anti-HBs
Infant with immune 29 68

cells(%), n €
Th 48.05(15.81) 45.64(17.73)  -1.076  .282
Tc 17.44(8.33) 14.96(6.45) —-0.595 552
B cells 16.57(12.08) 17.41(8.04) —0.044 965
mDC 0.91(1.66) 0.94(0.92) —0.093 926
pDC 0.88(1.03) 0.67(0.95) -0.882 378
Infant with 33 85

cytokines(pg/ml), n
IL-2 15.74(6.34) 15.74(8.95) —-0.529 597
IL-4 11.18(4.55) 11.18(11.69) -0.070 .944
IL-6 28.57(230.73) 32.00(323.93) -1.398 .162
IL-10 0.79(1.85) 0.99(1.86) -0.315 753
IL-12 0.92(0.39) 0.92(0.45) -0.315 .752
IFN-a 0.68(0.77) 0.65(0.49) -0.093 .926
IFN-y 0.82(1.53) 0.74(1.07) —-0.063 .950
TNF-a 3.21(6.88) 2.70(14.83) -1.135 256
Th1/Th2¢ 0.438(0.837) 0.275(0.697) -1.328 .184

?Fisher’s Exact Test.

Bpearson Chi-Square.

30 infants didn’t have enough blood samples to test immune cells.

9INine infants didn’t have enough blood samples to test cytokines.

€Th1/Th2 = (IL-2+IFN-y+TNF-a)/(IL-4+IL-6+IL-10).

Abbreviation: Th, Helper T cells; Tc, Cytotoxic T cells; mDC, myeloid dendritic cells;
pDC, plasmacytoid dendritic cells.
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Figure 2. The distribution of infants with negative, low, medium and high level of
anti-HBs between LdT and control group after PSM. The proportion of infants with
negative level, low level, medium level and high level of anti-HBs is 2.94% (1/34),
5.88% (2/34), 47.06% (16/34) and 44.12% (15/34) in LdT group, respectively. The
proportion of infants with negative level, low level, medium level and high level
of anti-HBs is 2.15% (2/93), 16.13% (15/93), 40.86% (38/93) and 40.86% (38/93) in
control group, respectively.

therapeutic human doses.'? Data on LdT transmission through
the human placenta are not yet available,'® but another nucleo-
tide analogue, tenofovir disoproxil fumarate (TDF), have been
confirmed to pass through human placenta barrier.'"” We are

concerned that the adverse effects of LdT in adult patients will
also occur in the offspring born to pregnant women tak-
ing LdT.

Our results uncovered the anti-HBs GMC was slightly
higher in LdT group than control group and did not
achieve a strong positive level (21000 mIU/mL) in both
groups, which were similar to those of another study in
Nanjing, China.?® People with initial anti-HBs higher than
1000 mIU/mL were more likely to maintain long-term
protection against HBV infection.”’ We anticipate future
study to investigate additional intervention to increase the
level of serological response to HepB in these infants.

We found no significant difference in infant positive rate of
anti-HBs, strong positive rate of anti-HBs and distribution of
infants with different intervals of anti-HBs whether pregnant
women took LdT or not. One study have reported that the
proportion of infants with detectable anti-HBs was significantly
higher in the telbivudine group compared with the control
group.”® Our study, along with others, suggests that telbivudine
therapy during pregnancy is safe in infants responding to HepB.

We disclosed maternal LdT therapy may have no signif-
icant effect on infant immune cells when the babies were
11-13 months old. In another study, proportion of CD4
+CD25+Tregs was significantly decreased and proportion of
CD8+T cells was significantly increased in neonates within
6 hours after birth, whose mothers were treated with LdT
during the third trimester comparing with those without
treatment.”> The researchers believe that maternal use of
LdT may be useful in regulating neonatal immune function.
Their work provides short-term safety evidence on LdT.
However, there has been no evidence of the long-term
safety of LdT intrauterine exposure on immune cells in
infants aged 11-13 months. Together with their study, our
study indicates that fetal exposure to LdT is at least harm-
less to immune cells of children.

Our results manifest maternal use of LdT may have no
significant effect on infant cytokines both at birth and at
11-13 months of age. LdT treatment for 11 months
reduced IL-6, IL-27, and TNF-a levels in patients them-
selves, which observed by a retrospective study.?
However, there has been no evidence of the effect of
LdT administration during pregnancy on infant cytokines.

Our data were collected prospectively with longitudinal
assessment from birth to 11-13 months of age. As partici-
pants in cohort study are not randomly assigned to the LdT
group or control group, confounding covariates may be
present. Propensity score adjustment is an increasingly
popular statistical method used to balance these covariates
and effectively control for the known selection bias and
confounding bias. Propensity score analysis can simulate
the randomization process of randomized controlled trials
to minimize the limitations of cohort studies. Compared
with conventional matching, propensity score matching can
consider more matching variables and improve research
efficiency. Previous studies have provided safety data
related to infants’ physical development after exposure to
LdT in utero.”**>*® Our work provides additional evidence
on immune consequences after fetal exposure to LdT, con-
tributing to the current safety profile of LdT use among



pregnant women with HBsAg. This will be valuable first-
hand information for clinicians, HBsAg positive pregnant
women and their families.

We uncovered that intrauterine exposure to LdT in
the second and third trimester did not reduce the infant
immune response to HepB compared with those not exposed
to LdT. Our work systematically manifestes the safety of LdT
administration during the second and third trimester with
respect to infant immune response to HepB. We provide evi-
dence to support the use of LdT during the second and third
trimester among HBsAg positive pregnant women, contribut-
ing to further interruption of HBV MTCT and global elimina-
tion of HBV. A future direction of this work is the effect of
prenatal exposure to other anti-HBV drugs on the immune
response to HepB in infants.

There are limitations to this study. First, this study was not
a clinical trial. We began this study in 2011, when safety data
for LdT in pregnant women with HBV infection were insuffi-
cient, making clinical trials in pregnant women virtually infea-
sible. However, we enhanced comparability between the two
groups and minimized the confounding bias by propensity
score matching and multivariate analysis. Second, not all
mother-infant pairs enrolled in the baseline were willing to
attend follow-up visits so that the sample size available for
statistical analysis was small. We look forward to the rando-
mized controlled clinical trials with larger sample size to vali-
date our results.
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