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Abstract
Background: There is limited information on perinatal outcomes in HIV-HBV coinfection.

Methods: HPTN 046 was a randomized double-blind placebo-controlled trial of perinatal
transmission that evaluated 6 months of infant nevirapine vs placebo among breast-fed infants.
Women living with HIV and their infants enrolled in sub-Saharan Africa from 2007-2010; 78%
received antiretroviral therapy (ART). Maternal samples were tested for hepatitis B surface antigen
(HBsAQ). High and low HBV VL was defined as =108 1U/ml and <10 1U/ml. The association
between HIV-HBYV coinfection and maternal and infant outcomes was assessed using multivariate
(MV) logistic and Cox regression.

Results: Among 2025 women, 88 (4.3%) had HBV. HIV-HBV women with high HBV VL had
lower median CD4, versus HIV alone or HIV-HBV women with low HBV VL (320, 490, and 434
cells/mm3, respectively (p<0.007)). In MV analysis, adjusted for maternal CD4, age, and maternal
ART, infants born to women with high HBV VL were more likely to be low birth weight (LBW),
versus HIV+/HBV- and low HBV VL women: [30% (3/10) vs 10% (194/1953) vs 6% (5/78),
respectively, p=0.03). High HBV VL was associated with HIV perinatal transmission [(Hazard
Ratio 6.75 (95% CI 1.86 — 24.50)]. There was no impact on infant mortality or maternal outcomes
at 18 months.

Conclusions: In HIV-HBV women, high HBV viral loads increase the risk of LBW and
potentially HIV perinatal transmission. Reduction of antepartum HBV viremia may have
beneficial effects beyond the prevention of HBV perinatal transmission.

Corresponding Author: Debika Bhattacharya MD MSc, Division of Infectious Diseases, University of California, Los Angeles,
10833 Le Conte Avenue, 37-121 CHS, Los Angeles, CA 90095. Phone: 310 825 7225, Fax: (310) 825-3632,
debikab@mednet.ucla.edu.
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Introductory Statement:

Although HBV coinfection occurs in 3-9% [1-4] of pregnant women living with HIV in
sub-Saharan Africa, there is little information on perinatal and infant outcomes in this
population, including HIV transmission. In an HIV perinatal transmission study in India
where women received single dose nevirapine but no other antepartum ART, researchers
found similar rates of HIV transmission at one year in infants born to HIV monoinfected
mothers when compared to HIVV/HBYV coinfected mothers (13% vs 9%, p=0.79) but a non-
statistically significant trend towards increased infant mortality.[5]

With regards to non-HIV outcomes, some HBV monoinfection studies have shown a
correlation between maternal HBV infection and adverse perinatal outcomes, including low
birth weight, preterm labor, and miscarriages, while others have not.[6-10] One large study
from China, however, did describe an association with an elevated risk of preterm birth in
HBeAg positive, compared to HBeAg-negative women [6]. This study did not include
maternal HBV viral loads. Indeed, few studies have examined the impact of HBV viremia on
maternal and infant outcomes despite the fact that HBV viremia is associated with long term
adverse outcomes, including cirrhosis and hepatocellular carcinoma (HCC).[11, 12] Given
the dearth of information on the influence of maternal HBV infection on maternal perinatal
and infant outcomes, our objectives were to characterize the impact of HBV infection,
stratified by maternal HBV viral loads, on infant HIV infection, mortality, and other adverse
events from a sample and data repository of an HIV perinatal transmission study conducted
in Sub-Saharan Africa, the HPTN 046 trial.

Experimental Procedures

HPTN 046 was a phase 3, randomized, double-blind, placebo-controlled trial that assessed
the efficacy and safety of once-daily nevirapine to 6 months of age or until cessation of
breastfeeding for the prevention of HIV perinatal transmission and mortality in HI\V-exposed
breastfeeding infants who were followed through 18 months of age. The methods and results
of the parent study were published in 2012.[13] Briefly, the study had two protocol versions,
v2.0 and v3.0. In protocol version 2.0, infants born to HIV-infected women were randomized
at birth to receive once-daily nevirapine or placebo for six months. In response to new
information from the Six-Week Extended Nevirapine (SWEN) trial[14], the protocol was
modified to version 3.0 where infant randomization to nevirapine or placebo occurred at six
weeks of age. Data and samples were available from both protocols and this analysis of
HBV infected mothers includes both cohorts. All infants, regardless of their randomization,
were included with the exception that infants with a birth HIV positive PCR were excluded
as there was no additional data collected on these maternal-infant pairs. Pregnant women
living with HIV from South Africa, Tanzania, Uganda, and Zimbabwe were enrolled within
7 days of delivery. Infant study visits were undertaken within 7 days postpartum, at 2, 5, 6,
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and 8 weeks, and at 3, 6, 9, 12, and 18 months. Infants who developed HIV-1 infection were
taken off study drug but followed on study.

Sample Testing and Data Extraction

Maternal study entry and labor and delivery samples were stored regardless of
randomization status. Archived maternal samples were retrospectively tested for HBsSAg.
Those that were identified as HBsAg positive were also assessed for HBeAg and HBV viral
load at study entry and labor and delivery, respectively. High and low HBV VL was defined
as 2108 1U/ml and <108 1U/ml, respectively. These thresholds were selected given their
association with adverse liver disease outcomes.[15] Data abstracted from the parent study
database included: maternal age, CD4 T-cell count at delivery, antiretroviral receipt ever
during pregnancy (yes/no), infant nevirapine randomization (none, 6 weeks of NVP, 6
months of NVP), and country of participation. Maternal HIV VL were not performed as part
of the parent study and thus were unavailable for this analysis.

All specimens were stored at —80C. Serological testing for HBsAg was performed using
Siemens ADVIA Centaur HBsAg assay (Siemens Healthineers, Los Angeles, CA, USA) at
UCLA and GS HBsAg EIA 3.0 (ref 32591, Bio-Rad, Hercules, CA, USA) in Zimbabwe and
Uganda. HBeAg testing was performed using ETI-EBK PLUS (DiaSorin, Stillwater,
Minnesota, USA) at UCLA. HBV DNA testing was done with the Abbott DNA assay with
lower limit of detection of 50 1U/ml at UCLA.

Statistical Analysis

Primary infant outcomes included the cumulative incidence of HIV transmission assessed as
infant HIV PCR positivity through 12 months of life, infant mortality through 12 months of
life, LBW (defined as <2500 g at birth), congenital malformations, and a composite
endpoint of HIV infection or LBW. Primary maternal outcomes were Caesarian-section,
episiotomy or primary tears, and prolonged rupture of membranes. Univariate analyses were
performed, with the outcomes of interest as defined above. To compare continuous variables
between maternal HBV status and its sub categories, Kruskal-Wallis or Wilcoxon rank sum
test was used, and to compare categorical variables, chi-square or Fisher’s exact test was
utilized. For the outcomes of infant HIV infection and death, multivariable model covariates
included maternal age, maternal CD4 count at delivery, maternal receipt of ART during
pregnancy (yes/no) and infant nevirapine treatment assignment defined with 3 levels (no
NVP, 6 weeks of NVP, and 6 months of NVP). For infant outcomes that occurred before
nevirapine initiation (infant birth weight, congenital malformations, maternal Caesarian
section, episiotomy, and prolonged rupture of membranes) covariates included maternal age,
maternal CD4 at delivery and maternal receipt of ART during pregnancy.

For HIV infection, we also conducted a time-to-event analysis to evaluate the relative risk of
HIV infection between infants of HIVV monoinfected and HIV/HBV coinfected mothers and
to assess whether HBV viral load influenced the time to HIV infection. A Cox proportional
hazard regression analysis was used to examine the impact of maternal HBV infection on
HIV infection while adjusting for maternal age, maternal CD4 count, maternal receipt of
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ART and infant treatment group (no NVP vs 6 weeks of NVP vs 6 months of NVP). For
many outcomes of interest, such as HIV infection and death, the events were rare and Firth’s
penalized likelihood approach[16] was used to address issues of data separation, rare events,
and bias of the parameter estimates in the logistic regression and Cox regression analysis.

The protocol was approved by the UCLA IRB 12-000123 and by institutional review boards/
medical ethics councils in Zimbabwe, Tanzania, South Africa, and Uganda. The parent study
protocol IRB approval is referenced here.[13]

The analysis cohort included 2025 mothers and 2050 infants (347 and 1678 mother-infant
pairs from v2.0 and v3.0, respectively). 9 mothers and 9 infants were excluded due to infant
HIV infection at birth, resulting in the inclusion of 2016 mothers with 2041 infants. (Figure
1) Infant nevirapine vs placebo randomization assignments were distributed similarly among
all subgroups. Nonrandomized participants represent those mother-infant pairs who were
enrolled but not randomized due to exclusion criteria, i.e. missed randomization window,
maternal comorbid illness that precluded enrollment etc.

Baseline Demographics: (Table 1)

After testing for HBsAg, eighty-eight (88/2016) women were HBsAg (+), representing 4.4%
(95% CI 3.5% - 5.3%) of the cohort (Table 1). Among HIV/HBYV women, 25% (22/88) were
HBeAg-positive. Eighty-six per cent (19/22) of HBeAg-positive women had a detectable
HBV VL (median 4.54 x 10° 1U/ml). All three HBeAg-positive women with undetectable
HBYV DNA were on HBV-active ART, defined as receipt of lamivudine or tenofovir in the
seven days prior to delivery. Seventy-five per cent (66/88) were HBeAg-negative; the
median HBV VL for the 10 (15%) HBeAg-negative women with detectable viremia was
3225 1U/ml. Thirty-nine per cent (26/66) of HBeAg-negative women were receiving HBV-
active ART.

Women with HBV VL of 2108 1U/ml (high HBV VL) had lower CD4 counts, when
compared to HIV alone or HBV VL < 10° 1U/ml (low HBV VL), 320, 490, and 434
cells/mms3 respectively (p<0.007). More HIV/HBV women (77/88, 88%) were receiving
ART than those without HBV (1502/1928, 78%) (p=0.03) (data not shown in table).
HIV/HBYV women with high HBV VL also had longer ART duration, compared to mothers
with low HBV VL (median time 93.5 vs 69 days, p=0.07). Similar results were seen when
assessing by HBeAg status and a threshold of HBV VL of 10° IU/ml (data not shown).

In those women who were receiving ART up to seven days before delivery, the majority
were on AZT alone (48% 736/1529) followed by 34% (517/1529) who were on triple ART
regimens. Of these triple ART regimens, 98% (505/517) were on NNRTI-containing
regimens.

Pediatr Infect Dis J. Author manuscript; available in PMC 2022 February 01.
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Infant Outcomes (Table 2)

In multivariable analysis, the incidence of infant LBW defined as <2500 g at birth was
greatest in those women with high HBV VL, compared to those with low HBV VL and HIV
infection alone, representing 30% (3/10), 6% (5/77), and 10% (194/1953), respectively.
Women with high HBV VL, when compared to HIV infection alone, were more likely to
have infants with low birth weight (OR 3.99 (1.04-15.3)).

The incidence of HIV infection at any time and composite endpoint of HIV Infection/LBW
was similarly increased in high HBV VL women, compared to low HBV VL women and
HIV infection alone; 20% (2/10) and 40% (4/10); 0% (0/78) and 6% (5/78); 4% (71/2041)
and 13% (254/2041) respectively.

Women with high HBV VL, when compared to HIV infection alone, were more likely to
have perinatal HIV transmission (OR 6.89 (1.48-32.1)). There was no statistically significant
difference in congenital malformations or infant death amongst groups. No infants with
LBW born to women with high HBV VL were exposed to maternal protease inhibitor
containing ART.

Infant HIV Infection

Seventy-one infants (3.6%, 95% CI: 2.8%-4.5%) born to HIVV monoinfected mothers were
infected with HIV and two (2.3%, 95% CI: 0.3%-8.0%) infants born to HIV/HBV women
were infected with HIV during study follow-up. The median age of infant HIV diagnosis
was 126.5 days for all infants born to HIV monoinfected and HIV/HBYV coinfected women.
Infant HIV infection occurred at 7 and 27 days for infants who were born to HIV/HBV
women. Of the two incident infant HIV infections, one occurred in a women on ART and
one occurred in a women not on ART. The incidence of infant HIV infection was 3.6 %
(71/1953), 20% (2/10), 0% (0/78) in HIV monoinfection, high HBV VL, and low HBV VL,
respectively. Similar results were seen when assessing by HBeAg status and a threshold of
HBV VL of 10° IU/ml (data not shown). Women with high HBV VL had a significantly
increased risk of infant HIV infection compared to infants of HIV monoinfected mothers
(OR 6.89 (1.48-32.1)). Similarly, in Cox regression analyses, the HR for HIV perinatal
transmission in HIVV/HBV with high HBV VL was 6.7 (95% CI 1.9-24.9). (not shown) No
statistically significant difference was found for the risk of HIV infection between infants of
HIV monoinfected mothers and those of HIV/HBV mothers with low HBV VL. In all
models, maternal ART receipt during pregnancy, higher maternal CD4 count at baseline and
infant receipt of NVP treatment for 6 weeks or 6 months was protective against HIV
infection (p<0.05). Figure 2 represents the KM curve for infant time to HIV infection by
high HBV VL thresholds. A sensitivity analysis was also performed such that HIV
transmission event time and follow-up time were censored at the time of breastfeeding
cessation; this yielded similar results.

Maternal Outcomes (Table 3)

There was no difference in incidence of prolonged rupture of membranes (PROM),
Caesarian section or the proportion with episiotomies when comparing high HBV VL and

Pediatr Infect Dis J. Author manuscript; available in PMC 2022 February 01.
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HIV monoinfection. More women living with HIV alone had PROM (20% vs 8%),
compared to women living with HIV and low HBV VL but this is of unclear clinical
significance.

We performed separate analyses with a maternal HBV viral load threshold of 10° IU/ml and
HBeAg status for maternal and infant outcomes and found similar results (results not
shown).

Discussion

In summary, we found that high maternal HBV viral loads at delivery were associated with
infant LBW and incident HIV infection, although event numbers were small. Our findings of
increased incidence of LBW are supported by other studies. In a large Thai study of 1446
HBV infected women, HBeAg positive women had a higher incidence of low birth weight,
compared to HBeAg negative women, 22% vs 14% p=0.005, respectively.[17] Preterm birth
is associated with low birth weight [18] and a large Chinese study of 489,965 pregnant
women, 20,827 of whom had HBV infection, demonstrated that maternal HBV infection
was associated with a higher risk of preterm birth.[6] Indeed, in an accompanying
editorial[19], the authors postulated that HBV viremia may be the etiologic agent of these
adverse perinatal events. Our findings are one of the first to support this hypothesis that
maternal HBV viremia itself is associated with adverse perinatal outcomes.

The etiologies of LBW are multifactorial, including preterm birth (birth before 37 weeks),
intrauterine growth restriction (IUGR), and congenital malformations or genetic factors.[20]
HIV itself is associated with LBW as is the use of protease inhibitor-containing ART during
pregnancy, at least in some studies.[21] Placental insufficiency is thought to be a common
pathogenetic pathway. Hypotheses include the possibilities that HBV can cause chorion
angiopathy which in turn decreases placental function[22] and that HBV may accumulate in
the placenta initiating a placental inflammatory response.[17]

The finding that incident HIV infection was increased in HIV/HBV exposed infants was
notable. HIV viral load, the primary predictor for HIV perinatal transmission, was not
available to us and we cannot exclude the possibility that HIV viremia contributed to these
incident HIV infections and low birth weight. However, one of the two incident HIV
infections occurred in a woman on ART and our multivariable analyses included both CD4
count and maternal receipt of ART, both of which are proxies for HIV viral load.[23, 24]
Also, the findings of increased LBW and incident HIV infection amongst women with high
HBYV viral loads are supported by large studies in HBV monoinfection which reported
similar associations with HBeAg-emia, a proxy for high HBV viral loads, and other adverse
events, including low birth weight and pre-term labor.[17, 18] The fact that these two infant
HIV infections occurred early suggests that there was a relationship to maternal factors at
delivery, including HBV viral load. Other potential etiologies may include accelerated
placental inflammation (as described above) and enhanced immunosuppression from HBV.
Authors of one study who found a lower incidence of pre-eclampsia in HBV monoinfected
pregnant women hypothesized that the increase in circulating regulatory T cells, which

Pediatr Infect Dis J. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bhattacharya et al.

Page 7

induces immunotolerance in chronic HBV, may also be responsible for generalized
immunosuppression.[25]

Limitations of our study included the age of the parent study which enrolled between
2007-2010 prior to current treatment guidelines whereby pregnant women are treated with
triple drug therapy, generalizability to non-African populations in low and middle income
countries (LMIC), the lack of HIV viral load information as detailed above, and small
numbers of events which led to the conclusions (the 95% CI for HIV infection was (1.86,
24.5). If HIV viremia had also been associated with preterm birth and incident HIV, we
would still need to explore the possibility that concomitant HBV viremia also contributed to
these events, given the results of other supporting studies and pathophysiologic mechanisms
detailed here. Finally, although this study occurred in a time before widespread HBV-active
ART for pregnant women living with HIV where antepartum therapy can lower maternal
HBV viral loads to below 108 1U/ml [26], the combination of low antepartum HBV
screening rates in LMIC [27] and the advent of new ART regimens without HBV activity
make the study of uncontrolled HBV viremia in HIV infection still relevant. Generalizability
of study results to other populations is always a concern although it is notable that similar
findings of adverse perinatal outcomes in HBV-monoinfected women were seen in a large
recent Chinese study.[6]

Our finding that maternal HBV replication may increase adverse perinatal outcomes has
implications beyond HIVV/HBV coinfection. The current US guidance for the management
and timing of antiviral therapy for antepartum monoinfection with HBV maternal viremia is
based on HBYV viral loads that are predictive of HBV perinatal transmission.[28] If our
findings are corroborated by larger studies in HBV monoinfection, this may suggest that
antepartum antiviral therapy for HBV be initiated earlier in pregnancy in order to decrease
HBV viral loads prior to the third trimester to avoid adverse infant outcomes, independent of
HBV perinatal transmission. Future research should investigate comparisons between HBV
monoinfected and HIVV/HBYV coinfected cohorts and the mechanisms behind increased low
birth weight and incident HIV infection.
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Versions 2.0 and 3.0

2025 mothers / 2050 infants enrolled

9 mothers with 9 infants HIV PCR
positive before 7 days excluded

>

2016 mothers with 2041 infants included in analysis

HBsAg testing

88 HIV/HBV coinfected mothers with 88 infants
1928 HIV monoinfected mothers with 1953 infants

. Nonrandomized _ NVP | Placebo
225 infants: HIV monoinfection . 868 infants: HIV monoinfection . 860 infants: HIV monoinfection
5 infants: HIV/HBV coinfection 40 infants: HIV/HBV coinfection 43: infants HIV/HBV coinfection

Figure 1: Flow diagram of HIV and HIV/HBV Women and Infants in HBV Analysis of HPTN
046.

Abbreviations: HIV (Human Immunodifficiency Virus), HBV (Hepatitis B Virus), NVP
(Nevirapine), HBsAg (Hepatitis B Surface Antigen), PCR (Polymerase Chain Reaction),
HPTN (HIV Prevention Trials Network).
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Figure 2: Kaplan Meier curve for time to infant HIV infection by maternal HBV and HBV VL
status.

HIV events and follow-ups were censored at the end of mother’s breast feeding.
Abbreviations: HBV (Hepatitis B Virus), HIV (Human Immunodifficiency Virus), VL (Viral
Load).
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