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BACKGROUND AND OBJECTIVES:

Perinatal exposure is an important mode of hepatitis B virus (HBV)
transmission, resulting in chronic disease in ∼90% of infected infants. Immunoprophylaxis
recommended for infants born to hepatitis B surface antigen–positive mothers reduces up to
95% of perinatal HBV infections. We sought to identify factors associated with perinatal HBV
transmission.

abstract

METHODS:

We analyzed prospectively collected data from 5 of 64 US-funded Perinatal Hepatitis
B Prevention Programs during 2007–2013. We examined effects of maternal demographic and
laboratory results, infant gestational age and birth weight, and immunoprophylactic
management on perinatal HBV infection.

RESULTS: Data from 17 951 mother-infant pairs were analyzed. Among 9252 (51.5%) infants for
whom hepatitis B surface antigen testing results were available, 100 (1.1%) acquired perinatal
HBV infection. Both hepatitis B (HepB) vaccine and hepatitis B immune globulin were
administered within 12 hours of birth for 10 760 (94.9%) of 11 335 infants with information.
Perinatal HBV infection was associated with younger maternal age (P = .01), Asian/Paciﬁc
Islander race (P , .01), maternal hepatitis B e-antigen positivity (P , .01), maternal antibody
to hepatitis B e-antigen negativity (P , .01), maternal viral load $2000 IU/mL (P = .04), and
infant receipt of ,3 HepB vaccine doses (P = .01). Four infants born to 429 mothers with viral
load testing were infected; all 4 were born to mothers with viral loads in the ninth or tenth
decile.
CONCLUSIONS:

Perinatal HBV infection occurred among 1% of infants, most of whom received
recommended immunoprophylaxis. Infants at greatest risk of infection were those born to
women who were younger, hepatitis B e-antigen positive, or who had a high viral load or those
infants who received ,3 HepB vaccine doses.
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WHAT’S KNOWN ON THIS SUBJECT: Timely
immunoprophylaxis and completion of the 3-dose
hepatitis B vaccine series represents the
cornerstone of perinatal hepatitis B prevention.
Immunoprophylaxis for infants born to hepatitis
B surface antigen–positive mothers reduces up
to 95% of perinatal hepatitis B virus infections.
WHAT THIS STUDY ADDS: Despite recommended
immunoprophylaxis, perinatal hepatitis B virus
infection occurs among ∼1% of infants. Infants
born to mothers who are younger, hepatitis B
e-antigen positive, or who have a high viral load
or infants who receive ,3 hepatitis B vaccine
doses are at greatest risk of infection.
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Approximately 1 million persons in
the United States have chronic
hepatitis B virus (HBV) infection,
and 5000 to 8000 additional persons
become chronically infected
annually.1,2 An estimated 25 000
infants are born to mothers positive
for hepatitis B surface antigen
(HBsAg) in the United States each
year.3 Perinatal exposure, either in
utero or during delivery, is an
important mode of HBV
transmission.4 Approximately 90%
of HBV-infected infants will develop
chronic infection,5–7 with an ensuing
25% risk of premature death from
liver failure or hepatocellular
carcinoma.6,7

evaluate maternal, infant, and
immunoprophylaxis management
characteristics and outcomes of
infants born to HBsAg-positive
mothers.3 PHBPPs with $400 births
to HBsAg-positive women annually
were eligible to apply for this
additional funding; awardees each
received $100 000 per year, which
could be used to coordinate or
enhance data collection. In this
article, we describe perinatal HBV
infection status among infants born to
HBsAg-positive mothers from these
5 Enhanced PHBPP (EPHBPP) sites.

For infants born to HBsAg-positive
women, immunoprophylaxis is
reported to be 85% to 95% effective
in preventing perinatally acquired
chronic HBV infection.8,9 The
Advisory Committee on
Immunization Practices (ACIP)
recommends immunoprophylaxis
consisting of hepatitis B (HepB)
vaccine and hepatitis B immune
globulin (HBIG) within 12 hours of
birth, followed by completion of
a HepB vaccine series ($3 doses for
infants with a birth weight $2000 g;
$4 doses for infants with a birth
weight ,2000 g), and
postvaccination serologic testing for
vaccine-induced antibody and HBV
infection.8 Through grants to public
health immunization programs, US
Perinatal Hepatitis B Prevention
Programs (PHBPPs) were created by
the Centers for Disease Control and
Prevention (CDC) in 1990 to
accelerate progress toward
elimination of perinatal HBV
infection.6 PHBPPs in 64 public
health jurisdictions in the United
States, its territories, and
independent island nations identify
pregnant HBsAg-positive women and
ensure their infants receive timely
immunoprophylaxis, including
postvaccination serologic testing.8
The CDC provided additional funding
for 3 PHBPPs from 2007 to 2012 and
for 2 PHBPPs from 2008 to 2012 to

Data Source
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METHODS

HBsAg-positive pregnant women
were identiﬁed through PHBPP
activities.6 Program staff at the
5 EPHBPP sites (Florida, Michigan,
Minnesota, New York City, and Texas
[excluding cities of Houston and San
Antonio]) collected data on maternal
demographic and laboratory test
results, infant gestational age and
birth weight, immunoprophylactic
management, and infant serologic
outcomes, which were then
submitted to the CDC. For the
current analysis, data for motherinfant pairs reported by EPHBPP
sites to the CDC from January 2008
through March 2013 were included.
The study consisted of an analysis of
existing data and was determined by
the CDC to be exempt from review by
an institutional review board.

Measures
Pregnant/postpartum women were
eligible for EPHBPP enrollment if
they were HBsAg-positive. Perinatal
HBV infection was deﬁned as HBsAg
positivity in an infant ,24 months of
age born to an HBsAg-positive
woman, regardless of the infant’s
antibody to hepatitis B surface
antigen (anti-HBsAg) test result.
Infant infection status was deemed
unknown when HBsAg test results
were missing or indeterminate.

Maternal age at the estimated date of
delivery was categorized as follows:
,25 years, 25 to 29 years, 30 to
34 years, and $35 years; maternal
ages ,8 years or .54 years were
deemed biologically implausible and
recoded as missing. Maternal race/
ethnic combinations of black Hispanic
and white Hispanic were combined
and recoded as Hispanic. Race/
ethnicity was analyzed according
to 5 categories: Asian/Paciﬁc
Islander, black non-Hispanic, white
non-Hispanic, Hispanic, and other
(including Alaskan Native/Native
American) as reported by the health
care provider or PHBPP case
manager. Maternal place of birth and
primary language were dichotomized
as US-born and foreign-born and
English and non-English, respectively.
Maternal laboratory test results
included hepatitis B e-antigen
(HBeAg), antibody to hepatitis B
e-antigen (anti-HBe), and viral load.
Results obtained .1 year before the
estimated date of delivery or .30
days after the estimated date of
delivery were recoded as missing.
Unknown and indeterminate values
were also recoded as missing. A viral
load of 2000 IU/mL was considered
equivalent to 10 000 copies/mL and
3.3 log IU/mL.10 Viral load was
dichotomized as $2000 IU/mL and
,2000 IU/mL in accordance with
previous studies deﬁning viral load
thresholds.11,12 Viral load was
recoded as missing when reported in
unknown units or in units other than
IU/mL, copies/mL, or log IU/mL.
Categories of viral load deciles were
calculated for viral load values within
each category of viral load units
(IU/mL, copies/mL, or log IU/mL).
Gestational age was calculated on the
basis of the number of days between
the estimated date of delivery and
date of birth. The estimated date of
delivery was assumed to correspond
to 40 weeks of gestation. Gestational
ages calculated as older than 30 days
beyond the estimated date of delivery
or younger than 150 days before the
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estimated date of delivery were
deemed biologically implausible and
recoded as missing. Gestational age
was dichotomized as ,37 weeks and
$37 weeks. Infant birth weight was
collected dichotomously as either
,2000 g or $2000 g; unknown
infant birth weight was recoded as
missing.
The timing of administration of the
birth dose of HepB vaccine and HBIG
was recoded as missing when either
date or time of birth, date or time of
HepB vaccine administration, or date
or time of HBIG administration were
unknown. The administration of
HepB vaccine birth dose or HBIG
recorded as $120 hours after birth
was deemed erroneous and therefore
recoded as missing. The timing of
administration was dichotomized at
#12 hours and .12 hours, consistent
with ACIP recommendations.8 Infants
were considered to have received 3
HepB vaccine doses when any date
was recorded for a third vaccine dose
and were considered to have received
,3 HepB vaccine doses when no date
was recorded for a third vaccine dose.

Statistical Analysis
Statistical analyses were conducted
by using SAS 9.3 (SAS Institute, Cary,
NC). Mother-infant pairs were the
unit of analysis. Bivariate analyses
were performed to examine
associations between maternal and
infant characteristics and infant
infection status by using either x2
(Mantel-Haenszel x2 for maternal
age) or Fisher’s exact tests.
A bivariate analysis was performed to
examine HBeAg positivity by
maternal age category by using the
Mantel-Haenszel x2 test. P values
,.05 were considered statistically
signiﬁcant.

RESULTS
The 5 EPHBPPs identiﬁed 17 951
mother-infant pairs (15 938
mothers). Median maternal age was
30.0 6 5.5 years (range: 14.5–51.6
years). Most infants were born to

Asian/Paciﬁc Islander (61.2%, or
10 537 of 17 204 with information)
and foreign-born (88.7%, or 14 516
of 16 374 with information) women.
The pregnancy did not result in a live
birth for 639 (5.0% of 12 775 with
disposition information) motherinfant pairs.
The time of administration of the
HepB vaccine birth dose and HBIG
was known for 11 479 (63.9%) and
11 633 (64.8%) of 17 951 infants,
respectively. HepB vaccine and HBIG
were administered within 2 hours of
birth for 5042 of 11 479 (43.9%) and
4273 of 11 633 (36.7%) infants,
respectively, and within 12 hours of
birth for 11 070 of 11 479 (96.4%)
and 11 112 of 11 633 (95.5%) infants,
respectively. Of the 11 335 infants
with known time of administration
for both HepB vaccine birth dose and
HBIG, 10 760 (94.9%) were
administered both HepB vaccine and
HBIG within 12 hours of birth. Of the
6071 infants with birth weights
$2000 g and HBsAg testing results
reported, 6047 (99.6%) completed
$3 HepB vaccine doses. Of the 1014
infants with birth weights ,2000 g
and HBsAg testing results reported,
178 (17.6%) and 1007 (99.3%)
completed $4 HepB vaccine doses
and $3 HepB vaccine doses,
respectively.
Among the 9252 infants for whom
HBsAg testing results were available,
100 (1.1%) acquired perinatal HBV
infection. The number of HepB
vaccine doses was associated with
infant infection; 1.1%, or 97 of 9207
infants with $3 doses, developed
infection on the basis of
postvaccination testing, compared
with 6.7% (3 of 45) of infants with
,3 doses (P = .01) (Table 1).
Fourteen of 71 infected infants with
information weighed ,2000 g at
birth; 1 of these 14 infants received
a fourth vaccine dose. None of the
following were signiﬁcantly
associated with perinatal infection:
timing of HepB vaccine birth dose
(#12 vs .12 hours), timing of HBIG

administration (#12 vs .12 hours),
gestational age, or birth weight.
The proportion of infected infants
decreased with increasing maternal
age, from 1.8% (26 of 1422) among
infants born to women aged
,25 years to 0.9% (17 of 1875) among
women aged $35 years (P = .01)
(Table 1). The proportion of infected
infants varied by maternal race/
ethnicity (P , .01); Asian/Paciﬁc
Islander women delivered the
greatest proportion of infected
infants (1.4%, or 81 of 5833) whereas
white, non-Hispanic women delivered
the smallest proportion (0.1%, or
1 of 695). Foreign-born women and
women whose primary language was
not English delivered a greater
proportion of infected infants (1.1%
[87 of 7784] and 1.3% [63 of
4675], respectively), compared with
US-born women (0.6% [5 of 795];
P = .20) and women whose primary
language was English (0.8% [21 of
2771]; P = .02) (Table 1).
Overall, 35.8% (664 of 1884) motherinfant pairs with reported HBeAg
results were HBeAg positive. Women
positive for HBeAg delivered
a greater proportion of infected
infants than did those who were
negative for HBeAg (3.2% [12 of 374]
and 0.0% [0 of 772], respectively;
P , .01), and women negative for
anti-HBe delivered a greater
proportion of infected infants than
did women who were positive for
anti-HBe (3.2% [6 of 190] and 0.2%
[1 of 618], respectively; P , .01)
(Table 1). The proportion of women
positive for HBeAg decreased with
increasing maternal age (Table 2).
Asian/Paciﬁc Islander women had the
greatest prevalence of HBeAg
positivity, whereas black nonHispanic mothers had the lowest
(43.7% [576 of 1319] vs 16.4% [67 of
408]; P , .01) (data not shown).
A greater proportion of infected
infants were born to women with
viral loads $2000 IU/mL compared
with ,2000 IU/mL (2.1% [4 of 188]
and 0.0% [0 of 241], respectively;
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TABLE 1 Factors Associated With Infection Status Among Infants Born to HBsAg-Positive Mothers
Maternal-Infant
Pairs With Available
Information, n (%)
Overall
Maternal age
,25 years
25–29 years
30–34 years
$35 years
Maternal race
Asian/Paciﬁc Islander
Black, non-Hispanic
White, non-Hispanic
Hispanic
Other (including AN/NA)
Maternal place of birth
US-born
Foreign-born
Maternal primary language
English
Non-English
Maternal HBeAg status
HBeAg-positive
HBeAg-negative
Maternal anti-HBe status
Anti-HBe-positive
Anti-HBe-negative
Maternal viral load
$2000 IU/mL
,2000 IU/mL
Maternal treatment during this
pregnancy
Treated for hepatitis B
Not treated for hepatitis B
Gestational age
,37 weeks’ gestation
$37 weeks’ gestation
Infant birth weight
,2000 g
$2000 g
Timing of vaccine birth dose
Administered #12 hours
Administered .12 hours
Timing of HBIG
Administered #12 hours
Administered .12 hours
Number of vaccine doses
$3 doses
,3 doses

9252 (100)
8827 (95.4)

HBsAg-Positive
Infants

HBsAg-Negative
Infants

n

%

n

%

100

1.1

9152

98.9

26
32
23
17

1.8
1.1
0.9
0.9

1396
2870
2605
1858

98.2
98.9
99.1
99.1

81
11
1
2
1

1.4
0.5
0.1
0.6
0.8

5752
2081
694
323
123

98.6
99.5
99.9
99.4
99.2

5
87

0.6
1.1

790
7697

99.4
98.9

21
63

0.8
1.3

2750
4612

99.2
98.7

12
0

3.2
0.0

362
772

96.6
100.0

P

—
.01

DISCUSSION
,.01

9069 (98.0)

8579 (92.7)

.20

7446 (80.5)

.02

,.01a

1146 (12.4)

,.01a

808 (8.7)
1
6

0.2
3.2

617
184

99.8
96.8

4
0

2.1
0.0

184
241

97.9
100.0

.04a

429 (4.6)

.05a

7529 (81.4)
6
79

2.6
1.1

229
7215

97.5
98.9

13
85

1.8
1.1

730
7908

98.3
98.9

14
58

1.4
1.0

1000
6013

98.6
99.0

69
1

1.1
0.5

5987
213

98.9
99.5

8736 (94.4)

.09

7085 (76.6)

.21

.73a

6270 (67.8)

1.00a

6378 (68.9)
70
3

1.2
1.1

6040
265

98.9
98.9

97
3

1.1
6.7

9110
42

99.0
93.3

.01a

9252 (100)

AN, Alaska Native; NA, Native American.
a Fisher’s exact test.

P = .04) (Table 1). Among the infants
with known infection status for
whom maternal viral load test results
were available, the median maternal
viral load was 1059 IU/mL (5870
copies/mL or 3.0 log IU/mL). Four of
429 (0.9%) infants born to women
with viral load testing results were
infected. One of these 4 infected
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to women with viral loads in the tenth
decile. Viral load values for the
mothers of these 4 infected infants
were 8.1 log IU/mL, 100 000 000
copies/mL, 847 000 000 copies/mL,
and 108 963 583 IU/mL.

infants received HBIG at 13 hours of
life; otherwise, HepB vaccine and
HBIG were administered within
12 hours of life. Two of the infected
infants were born to women with
viral loads in the ninth decile
(64 054–37 980 028 IU/mL [550
001–203 700 000 copies/mL, or
5.4–8.2 log IU/mL]) and 2 were born

Perinatal HBV infection occurred in
slightly more than 1% of the 9252
infants born to HBsAg-positive
women included in this analysis. Most
infected and uninfected infants with
birth weights $2000 g received ACIPrecommended immunoprophylaxis.
Before the widespread availability of
immunoprophylaxis, the proportion
of infants born to HBsAg-positive
women acquiring HBV infection was
∼30% for infants born to HBeAgnegative women and 85% for infants
born to HBeAg-positive women.4,13
Timely immunoprophylaxis and
completion of the ACIPrecommended 3-dose HepB vaccine
series is the cornerstone of perinatal
hepatitis B prevention. In the United
States, prophylaxis for infants born
to HBsAg-positive women consists of
HepB vaccine and HBIG administered
within 12 hours of birth, followed
by completion of the vaccine series
and postvaccination testing for HepB
vaccine–induced anti-HBsAg or
infection.8 When used alone, HepB
vaccine and HBIG are 75%
(41.7%–86.2%) and 71% effective
in preventing perinatal HBV
transmission, respectively.7,14 Their
combined efﬁcacy was 94%
considering infants born to HBsAgpositive women.7
We demonstrated that the number of
HepB vaccine doses was associated
with risk of infant infection; infection
occurred in 6.7% (3 of 45 infants)
of infants who received ,3 doses,
compared with 1.1% (97 of 9207
infants) of infants who received $3
doses (P = .01) (Table 1). Because
99.5% (9207 of 9252 infants)
received $3 doses, the number of
infants receiving ,3 doses was
comparatively small, possibly
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TABLE 2 Maternal HBeAg Status by Maternal
Age
Age
,25 years
25–29 years
30–34 years
$35 years

HBeAg-Positive
165
262
167
80

(49.3)
(37.1)
(31.5)
(25.6)

HBeAg-Negative
170
445
363
232

(50.8)
(62.9)
(68.5)
(74.4)

Data are presented as n (%). P , .0001 (Mantel-Haenszel
x 2 ; includes mother-infant pairs in whom infant’s HBsAg
status is unknown).

hindering the interpretation of
results. Fourteen of the 71 infected
infants (19.7%) with information
weighed ,2000 g at birth; 13 of these
14 infants did not complete the ACIPrecommended 4 doses of HepB
vaccine. Although the paucity of data
for infants with birth weights ,2000 g
precluded assessing the impact of
not receiving the recommended
number of vaccine doses on
transmission, further efforts to
improve adherence with ACIP
recommendations are warranted.
We found an increased risk of
perinatal HBV transmission at
younger maternal ages (P = .01).
Younger women in the EPHBPP were
more often HBeAg positive than were
older women. It has been noted that
HBeAg positivity declines during the
childbearing years.8,15 Studies among
HBsAg-positive pregnant women in
the United States have reported the
prevalence of HBeAg positivity to be
between 18.0% and 36.4%.16–18
HBeAg positivity is a known risk
factor for infectivity.8 It is plausible
that a greater prevalence of HBeAg
positivity among younger women19
accounts for the association between
younger maternal age and perinatal
transmission. Others have
hypothesized that HBeAg positivity
and longer labors among younger
women could contribute to the
increased transmission.20
Kohn et al16 reported that black
women infected with HBV were
signiﬁcantly less likely to be HBeAg
positive compared with other races,
and Ott et al19 found that HBeAg
positivity was highest in young
infected females in East Asia and less

common in sub-Saharan and North
Africa. These results are consistent
with our ﬁndings. Further analyses to
ascertain differences in perinatal HBV
transmission by race and country of
birth, and possibly HBV genotype,
may yield useful information.
We found a signiﬁcantly greater
proportion of infected infants born to
women whose viral loads were
$2000 IU/mL compared with viral
loads ,2000 IU/mL (P = .04).
Although the majority of perinatal
HBV infections are acquired during
the birth process, an estimated 5% to
15% of perinatal infections occur
from in utero transmission.21 The risk
of in utero infection increases linearly
with increasing maternal viral load.22
Although antiviral treatment during
pregnancy may be indicated for
chronic HBV infection in only a small
proportion of women, antiviral
treatment initiated on a short-term
basis during pregnancy may be
effective in preventing
immunoprophylaxis failures in
mothers with high viral loads,4,23–25
although deﬁnitive results from
clinical trials are still needed. Fan
et al26 recently reported that 12.6%
(64 of 507) pregnant women with
chronic hepatitis B received antiviral
treatment. Testing HBsAg-positive
mothers for viral load or HBeAg, and
providing antiviral treatment of those
who are HBeAg positive or who have
high viral loads, can be costeffective.27
Although previous studies have
established an increased risk of
perinatal HBV transmission with
immunoprophylaxis delays, our data
were too sparse to assess the effect of
delayed prophylaxis on infection
status. Marion et al20 reported that
timing of the HepB vaccine birth dose
is an important predictor of infection
risk, with the lowest risk among those
vaccinated at ,3 days of age
compared with age $7 days. Beasley
et al7,28 demonstrated that HBIG is
usually protective if administered
within a few hours of birth with or

without HepB vaccine, but found
a marked decrease in efﬁcacy when
administration was delayed beyond
48 hours of life.29,30 Because
relatively few infants in the EPHBPP
received immunoprophylaxis
beyond 12 hours of life, we were
precluded from analyzing the
effect of more extreme delays of
immunoprophylaxis administration
(eg, vaccine and HBIG administered at
2 days of life) on infant infection
status.
This report is subject to several
limitations. Although the overall
number of mother-infant pairs was
large (.17 000), 48.5% (8699 of
17 951 infants) were not reported to
have been tested for infection,
possibly limiting the ability to detect
signiﬁcant associations. Our analysis
on infant outcomes was limited to
those infants who completed
postvaccination serologic testing.
Missing values included infants not
yet born; data from these motherinfant pairs were included in analyses
when possible. In addition, it is
possible that there was a different
incidence of perinatal infection
among those infants whose test
results were reported than those not
reported, particularly if the maternal
characteristics associated with higher
infection rates were not evenly
distributed across both groups.
Previous analyses have revealed that
many children without test results
moved to China before completing the
3-dose series (J. L., New York City
PHBPP surveillance data, 2011).
Because their mothers are of Asian
descent, a group that has been
demonstrated to have a higher
likelihood of HBeAg positivity, it is
possible that there was greater
transmission among the children
whose test results were less likely to
have been reported. Similarly, the
small proportion of women with
testing data further impeded some
analyses. The paucity of these data
prevented the ability to perform
multivariate analyses and to assess
and control for confounding and
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interaction. It is possible that
reporting for some data may have
been inﬂuenced by results, eg,
HBeAg-positive results may have
been more likely to be reported than
HBeAg-negative results due to public
health laboratory reporting
requirements, thereby overestimating
the prevalence of HBeAg positivity.
Finally, because the unit of analysis
focused on mother-infant pairs,
maternal characteristics of women
giving birth to .1 infant would have
contributed disproportionately to the
results.

CONCLUSIONS
Timely infant immunoprophylaxis
and completion of the 3-dose series
prevents most perinatal transmission

of HBV and HBV-related morbidity
and mortality, as demonstrated by the
case management outcomes of infants
born to HBsAg-positive pregnant
women reported by the EPHBPP. Our
results underscore the importance of
completing the entire ACIPrecommended immunoprophylaxis
regimen, including 4 HepB vaccine
doses for infants with birth weights
,2000 g born to HBsAg-positive
women. Most infants born to HBsAgpositive women who are case
managed by the EPHBPP and who
receive postvaccination serologic
testing do not develop perinatal HBV
infection. Our results reafﬁrm the
efﬁcacy of the ACIP recommendations
for postexposure prophylaxis as case
managed by PHBPP coordinators. Our

results also highlight a subset of
infants born to younger mothers
or Asian/Paciﬁc Islander mothers, or
mothers who are HBeAg-positive or
who have high viral loads, who still
acquire perinatal HBV infection. The
identiﬁcation of women with a higher
risk of perinatal HBV transmission in
the context of optimal postexposure
prophylaxis suggests that
interventions such as maternal
antiviral therapy might further
decrease or eliminate perinatal HBV
infections.

ACKNOWLEDGMENT
We thank Dr Jane R. Zucker, MD, of
the New York City Department of
Health and Mental Hygiene for her
review of this manuscript.

Address correspondence to Sarah Schillie, MD, MPH, MBA, Division of Viral Hepatitis, Centers for Disease Control and Prevention, MS G-37, 1600 Clifton Rd, Atlanta,
GA 30333. E-mail: sschillie@cdc.gov
PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2015 by the American Academy of Pediatrics
FINANCIAL DISCLOSURE: The authors have indicated they have no ﬁnancial relationships relevant to this article to disclose.
FUNDING: This research was supported in part by an appointment to the Research Participation Program at the Centers for Disease Control and Prevention
administered by the Oak Ridge Institute for Science and Education through an interagency agreement between the US Department of Energy and the Centers for
Disease Control and Prevention.
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conﬂicts of interest to disclose.
COMPANION PAPER: A companion to this article can be found on page e1286, online at www.pediatrics.org/cgi/doi/10.1542/peds.2015-0360.

REFERENCES
1. Centers for Disease Control and
Prevention. Viral hepatitis surveillance—
United States, 2010. Available at: www.
cdc.gov/hepatitis/Statistics/
2010Surveillance/Commentary.htm.
Accessed June 26, 2013
2. Centers for Disease Control and
Prevention. Epidemiology and prevention
of vaccine-preventable diseases. In:
Atkinson W, Hamborsky J, Stanton A, Wolfe
C, eds. The Pink Book: Course Textbook.
12th ed. Washington, DC: Public Health
Foundation; 2012
3. Centers for Disease Control and
Prevention. Postvaccination serologic
testing results for infants aged #24
months exposed to hepatitis B virus at
birth: United States, 2008-2011. MMWR
Morb Mortal Wkly Rep. 2012;61:768–771

e1146

4. Cheung KW, Seto MT, Wong SF. Towards
complete eradication of hepatitis B
infection from perinatal transmission:
review of the mechanisms of in utero
infection and the use of antiviral
treatment during pregnancy. Eur J
Obstet Gynecol Reprod Biol. 2013;169(1):
17–23
5. Edmunds WJ, Medley GF, Nokes DJ, Hall
AJ, Whittle HC. The inﬂuence of age on
the development of the hepatitis B
carrier state. Proc Biol Sci. 1993;
253(1337):197–201
6. Smith EA, Jacques-Carroll L, Walker TY,
Sirotkin B, Murphy TV. The national
Perinatal Hepatitis B Prevention Program,
1994–2008. Pediatrics. 2012;129(4):609–616
7. Beasley RP, Hwang LY, Lee GC, et al.
Prevention of perinatally transmitted

hepatitis B virus infections with hepatitis
B immune globulin and hepatitis B
vaccine. Lancet. 1983;2(8359):1099–1102
8. Mast EE, Margolis HS, Fiore AE, et al;
Advisory Committee on Immunization
Practices. A comprehensive
immunization strategy to eliminate
transmission of hepatitis B virus
infection in the United States:
recommendations of the Advisory
Committee on Immunization
Practices (ACIP) part 1: immunization
of infants, children, and adolescents.
MMWR Recomm Rep. 2005;54(RR-16):
1–31
9. André FE, Zuckerman AJ. Review:
protective efﬁcacy of hepatitis B
vaccines in neonates. J Med Virol. 1994;
44(2):144–151

Downloaded from http://pediatrics.aappublications.org/ by guest on February 18, 2018

SCHILLIE et al

10. Ronsin C, Pillet A, Bali C, Denoyel GA.
Evaluation of the COBAS AmpliPrep-total
nucleic acid isolation-COBAS TaqMan
hepatitis B virus (HBV) quantitative test
and comparison to the VERSANT HBV DNA
3.0 assay. J Clin Microbiol. 2006;44(4):
1390–1399
11. Tseng TC, Liu CJ, Chen CL, et al. Risk
stratiﬁcation of hepatocellular
carcinoma in hepatitis B virus e antigennegative carriers by combining viral
biomarkers. J Infect Dis. 2013;208(4):
584–593
12. Chen CJ, Yang HI. Natural history
of chronic hepatitis B REVEALed.
J Gastroenterol Hepatol. 2011;26(4):
628–638
13. Beasley RP, Trepo C, Stevens CE,
Szmuness W. The e antigen and vertical
transmission of hepatitis B surface
antigen. Am J Epidemiol. 1977;105(2):
94–98
14. Lee C, Gong Y, Brok J, Boxall EH, Gluud C.
Effect of hepatitis B immunisation in
newborn infants of mothers positive for
hepatitis B surface antigen: systematic
review and meta-analysis. BMJ. 2006;
332(7537):328–336
15. McMahon BJ, Schoenberg S, Bulkow L,
et al. Seroprevalence of hepatitis B viral
markers in 52,000 Alaska Natives. Am J
Epidemiol. 1993;138(7):544–549
16. Kohn MA, Farley TA, Scott C. The need for
more aggressive follow-up of children
born to hepatitis B surface antigenpositive mothers: lessons from the

Louisiana Perinatal Hepatitis B
Immunization Program. Pediatr Infect Dis
J. 1996;15(6):535–540

prevent intrauterine transmission of the
hepatitis B virus: a systematic review
and meta-analysis. Virol J. 2012;9:185

17. Friedman SM, DeSilva LP, Fox HE, Bernard
G. Hepatitis B screening in a New York
City obstetrics service. Am J Public
Health. 1988;78(3):308–310

25. Greenup AJ, Tan PK, Nguyen V, et al.
Efﬁcacy and safety of tenofovir disoproxil
fumarate in pregnancy to prevent
perinatal transmission of hepatitis B
virus. J Hepatol. 2014;61(3):502–507

18. Cruz AC, Frentzen BH, Behnke M.
Hepatitis B: a case for prenatal
screening of all patients. Am J Obstet
Gynecol. 1987;156(5):1180–1183
19. Ott JJ, Stevens GA, Wiersma ST. The risk
of perinatal hepatitis B virus
transmission: hepatitis B e antigen
(HBeAg) prevalence estimates for all
world regions. BMC Infect Dis. 2012;
12:131
20. Marion SA, Tomm Pastore M, Pi DW,
Mathias RG. Long-term follow-up of
hepatitis B vaccine in infants of carrier
mothers. Am J Epidemiol. 1994;140(8):
734–746

26. Fan L, Owusu-Edusei K Jr, Schillie SF,
Murphy TV. Antiviral treatment among
pregnant women with chronic hepatitis
B. Infect Dis Obstet Gynecol. 2014;2014:
546165
27. Fan L, Owusu-Edusei K Jr, Schillie SF,
Murphy TV. Cost-effectiveness of testing
hepatitis B-positive pregnant women for
hepatitis B e antigen or viral load. Obstet
Gynecol. 2014;123(5):929–937

21. Ghendon Y. Perinatal transmission of
hepatitis B virus in high-incidence
countries. J Virol Methods. 1987;17(1–2):
69–79

28. Beasley RP, Hwang LY, Lin CC, et al.
Hepatitis B immune globulin (HBIG)
efﬁcacy in the interruption of perinatal
transmission of hepatitis B virus
carrier state. Initial report of
a randomised double-blind placebocontrolled trial. Lancet. 1981;2(8243):
388–393

22. Xu DZ, Yan YP, Zou S, et al. Role of
placental tissues in the intrauterine
transmission of hepatitis B virus. Am J
Obstet Gynecol. 2001;185(4):981–987

29. Centers for Disease Control and
Prevention. Postexposure prophylaxis of
hepatitis B. MMWR Morb Mortal Wkly
Rep. 1984;33(21):285–290

23. Pan CQ, Lee HM. Antiviral therapy for
chronic hepatitis B in pregnancy. Semin
Liver Dis. 2013;33(2):138–146

30. Beasley RPSC. Vertical transmission of
HBV and interruption with globulin.
In: Vyas GNCS, Schmid R, eds. Viral
Hepatitis. Philadelphia, PA: The Franklin
Institute Press; 1978:333–345

24. Deng M, Zhou X, Gao S, et al. The effects
of telbivudine in late pregnancy to

from http://pediatrics.aappublications.org/ by guest on February 18, 2018
PEDIATRICS Volume 135, number 5, Downloaded
May 2015

e1147

Outcomes of Infants Born to Women Infected With Hepatitis B
Sarah Schillie, Tanja Walker, Steven Veselsky, Susan Crowley, Cristina Dusek, Julie
Lazaroff, Sandra A. Morris, Kenneth Onye, Stephen Ko, Nancy Fenlon, Noele P.
Nelson and Trudy V. Murphy
Pediatrics 2015;135;e1141
DOI: 10.1542/peds.2014-3213 originally published online April 20, 2015;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/135/5/e1141

References

This article cites 26 articles, 4 of which you can access for free at:
http://pediatrics.aappublications.org/content/135/5/e1141.full#ref-list
-1

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Infectious Disease
http://classic.pediatrics.aappublications.org/cgi/collection/infectious_
diseases_sub
Vaccine/Immunization
http://classic.pediatrics.aappublications.org/cgi/collection/vaccine:im
munization_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
https://shop.aap.org/licensing-permissions/

Reprints

Information about ordering reprints can be found online:
http://classic.pediatrics.aappublications.org/content/reprints

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatrics is owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2015 by the American Academy of Pediatrics. All rights reserved. Print
ISSN: .

Downloaded from http://pediatrics.aappublications.org/ by guest on February 18, 2018

Outcomes of Infants Born to Women Infected With Hepatitis B
Sarah Schillie, Tanja Walker, Steven Veselsky, Susan Crowley, Cristina Dusek, Julie
Lazaroff, Sandra A. Morris, Kenneth Onye, Stephen Ko, Nancy Fenlon, Noele P.
Nelson and Trudy V. Murphy
Pediatrics 2015;135;e1141
DOI: 10.1542/peds.2014-3213 originally published online April 20, 2015;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/135/5/e1141

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatrics is owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2015 by the American Academy of Pediatrics. All rights reserved. Print
ISSN: .

Downloaded from http://pediatrics.aappublications.org/ by guest on February 18, 2018

