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Failed Postnatal Immunoprophylaxis for Hepatitis B: Characteristics of Maternal

Hepatitis B Virus as Risk Factors
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A retrospective case-control study was conducted to determine why some infants born full-term
without obstetric intervention to hepatitis B e antigen (HBeAg)—seropositive mothers become in-
fected by hepatitis B virus (HBV) despite having received passive-active immunoprophylaxis. Cases
and controls comprised 12 hepatitis B surface antigen (HBsAg)-seropositive infants and 22 HBsAg-
seronegative infants, respectively. Infants infected by putative vaccine-escape mutants were ex-
cluded. Risk factors, after adjustment for the level of maternal viremia, were the following allelic
base changes in maternal HBV: C'%, A3, G***, and A*”” (P = .017, .005, .003, and .005, respectively).
High-level maternal viremia (i.e., =10® genome equivalents/mL) was a significant factor only after
adjustment for G*** (P = .027). HBV DNA sequences recovered from one of the cases, the case’s
mother, and three infected contacts all had the high-risk mutations. Specific allelic mutations in
maternal HBV and level of maternal viremia are potential predictors of vertical breakthrough

infection.

Hepatitis B virus (HBV) infection remains globally endemic.
Transmission from mother to infant plays an important role in
maintenance of endemicity, especially in regions where such
infection is hyperendemic, e.g., East Asia [1]. Since a large
fraction of vertical infections progress to chronicity [2], in-
fected infants can in their lifetime be capable of initiating new
cycles of both horizontal and vertical infection.

Infants born to hepatitis B e antigen (HBeAg)—positive
mothers are at risk of acquiring infection maternally [3].
Prompt postnatal vaccination of at-risk infants effectively cur-
tails perinatal infection, particularly when added protection is
provided by hepatitis B immunoglobulin (HBIg) given shortly
after birth. Nevertheless, a small proportion of those receiving
complete passive-active prophylaxis become infected [4—6].
In these infected infants, the risks of developing sequelae of
chronic infection [7] and transmitting HBV remain.

In the course of monitoring the outcome for at-risk infants in
England and Wales, we observed some postvaccination failures
among neonates born to HBeAg-positive mothers. In certain
instances, failure could be attributed to factors that predispose
to perinatal infection, such as prematurity [8], prolonged labor
[9], delay or omission of HBIg administration, and failure to
achieve full vaccination [10, 11]. However, HBV infection was
also noted in full-term infants who were delivered without
obstetric intervention and given full prophylaxis. Past studies
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have associated such *‘breakthrough’’ infections with intrauter-
ine infection [6], high-level maternal viremia [12—14], and
infection by vaccine-escape HBV mutants [15].

We report a case-control study of neonatal breakthrough
HBYV infection, showing that nucleotide changes at certain al-
leles in the genome of maternal HBV and high-level maternal
viremia may be risk factors. In addition, to illustrate the public
health impact of perinatal infection by an HBV variant with
the high-risk characteristics identified in the case-control study,
we provide a descriptive account of a molecular epidemiologi-
cal investigation into a transmission chain traced to a child
who became infected after birth despite having received full
passive-active immunoprophylaxis.

Patients and Methods
Prevalence of Neonatal Breakthrough HBV Infection

The Public Health Laboratory Service administers a surveil-
lance scheme in England and Wales for infants at risk of acquir-
ing HBV infection. In this scheme, a database is kept of the
age, ethnicity, parity, and HBeAg status of hepatitis B surface
antigen (HBsAg)—positive mothers, and in relation to their
infants, the obstetric history, vaccination schedule, dosage and
batch numbers of HBIg and vaccine, and HBV serological
status at age 1 year [16]. Data were extracted from records of
infants born between 1 June 1988 and 30 May 1995 to assess
the prevalence of HBV infection in neonates who were deliv-
ered to HBsAg/HBeAg-positive mothers at or near term with-
out obstetric complications and received passive-active prophy-
laxis against HBV.

For this study, only records of infants who fulfilled the fol-
lowing criteria were reviewed. (1) They were delivered vagi-
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nally without assistance at or after 36 weeks’ gestation; (2) they
received 200 IU of HBIg (Bio Products Laboratory, Elstree,
England) within 48 hours after birth; (3) they received three
doses of hepatitis B vaccine (Engerix B; SmithKline Beecham,
Welwyn Garden City, England) (0.5 mL each, containing 10
mg of HBsAg) at 0, 1, and 6 months of age; and (4) they
underwent postvaccination serological testing for HBsAg.

Virological Studies

Specimens. To assess virological parameters that might ac-
count for the difference in outcomes of the infants’ infections
following immunoprophylaxis, antenatal booking sera (usually
obtained at the end of the first trimester) from mothers of
infants found to be HBsAg-positive at postvaccination testing
were examined. Available antenatal sera from HBeAg-positive
mothers of infants who were HBsAg-negative at postvaccina-
tion testing were used as controls. Sera from infected infants
were additionally studied to compare the nucleotide sequences
of HBV circulating in them and in their mothers. In the separate
study of HBV transmission linked to an HBsAg-positive child,
we studied sera obtained from contacts who developed acute
HBYV infection as well as sera and saliva from the child.

HBYV strain differentiation. DNA in specimens was ex-
tracted by a silica/guanidium thiocyanate—based method [17].
Saliva was first subjected to ultracentrifugation before extrac-
tion. From each extract, a 476-bp segment from the surface
antigen—coding region (hereafter the ‘‘surface gene’’) between
nucleotide positions 82 and 558 was amplified by nested PCR.
This segment was chosen because it encompasses sites in the
surface gene that are regarded to confer antigenicity to HBsAg
[18—20]. PCR primer sequences and cycling conditions used
in this study have been specified elsewhere [21].

Strain differences in the surface gene were scanned by using
a single-strand conformation polymorphism (SSCP) analytic
procedure on the amplified products, performed essentially as
described previously [21]. DNA in the amplified products was
sequenced with use of the Taq DyeDeoxy Terminator Cycle
Sequencing Kit and the ABI 373A DNA Sequencer (both from
Perkin Elmer, Forest City, CA). HBV genotypic assignments
were based on genotype-specific nucleotide motifs in the sur-
face genes [22]. For viral load estimation and for the observa-
tional study, a 263-bp segment from the core antigen—coding
region (hereafter the ‘‘core gene’’), from positions 1,891—
2,154, was also amplified.

Viral load estimation. Following a series of 10-fold dilu-
tions of each serum, DNA was extracted from each dilution
and processed for PCR amplification of the core gene fragment.
The end-point was compared to that of a similar dilution series
made from 1 ng of the plasmid pHBV130.

Statistical Analyses

Variables examined were as follows: infant’s birth weight;
time between delivery and the administration of HBIg; moth-
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er’s age, gravidity, and ethnicity; and maternal HBV titer, geno-
type, and base changes at non-genotype-specifying positions
in the surface gene amplicons. The maternal HBV DNA titer
was analyzed both as a continuous variable (expressed as ge-
nome copies/mL) and as a dichotomous variable (the number
of mothers who carry 10® or =10® genome copies per mL of
HBV DNA). The value of 10°® genome copies/mL was chosen
because it divided the number of mothers into two roughly
equal sets. Lot differences in HBIg and Engerix B were exam-
ined as potential variables, but the diversity in batch numbers
of the two products was too wide for inclusion in the analysis.

Data were analyzed with use of statistical packages. Exact
logistic regression was also used in multivariable analyses to
investigate the joint effects of various pairs of variables. It was
not possible to include >2 variables in any given model, owing
to the small sample size and the high degree of correlation
between many of the genetic variables (particularly allelic base
substitutions that specify genotype). Logistic regression also
enabled calculation of odds ratios adjusted for the effects of
maternal HBV DNA titer and variation in the genotype or
allele.

Analyses were based on the assumption that each mother-
infant transmission was an independent event. Hence, variables
for mothers with sequential pregnancies were considered sepa-
rately. No multiple pregnancies were encountered.

Descriptive Account of HBV Transmissions Linked to a
Child with Breakthrough Infection

A male infant, X, was born at 40 weeks’ gestation in 1990
to a 22-year-old white woman, M, who had been discovered
at antenatal evaluation to have detectable HBsAg and HBeAg.
X was delivered vaginally and was given HBIg and the first
dose of hepatitis B vaccine at different gluteal sites 1 hour after
birth. The postnatal course was uneventful, and he received the
second and third doses of the vaccine at 1 and 6 months of
age. During postvaccination testing at age 1 year, his blood
was found to be positive for HBsAg and HBeAg.

In 1992, a 52-year-old woman, A, who was providing day-
care for X developed acute hepatitis B; she had no risk factors
for HBV infection except contact with X. In 1994, a 6-year-
old boy, B, who was a playmate of X in a nursery school
facility, developed acute hepatitis B. In 1995, a 3-year-old girl,
C, who attended the same nursery school, developed jaundice.
Serological investigations confirmed acute hepatitis B. Her
family members were screened and found to be seronegative
for HBsAg.

Saliva specimens obtained from the rest of X’s nursery
school contacts and sera drawn from the nursery school super-
visors tested negative for antibody to the hepatitis B core anti-
gen [23]. A, B, and C all cleared HBsAg within 6 months of
infection. M remained an HBeAg-positive carrier and subse-
quently gave birth to two other children. They were delivered
vaginally at full term, received passive-active immunoprophy-

220z 1snbny 9| uo 1sanb Aq £866GE/00L/1/LZ/21914E/pIo/Wwod dnoolwspede//:sdyy woll papeojumoq



102 Ngui et al.

CID 1998;27 (July)

Table 1. Characteristics of 12 HBsAg-seropositive infants (cases) and 22 HBsAg-seronegative infants

(controls).

Study group

Cases Controls
Characteristic (n =12) (n =22) P value
Infant
Mean birth weight, kg (SD) 3.19 (0.46) 3.31 (0.51) .500%
Median time in hours from delivery to HBIg
administration (interquartile range) 4 (1-10) 4.5 (2-12) 4417
Mother
Ethnicity (no. of mothers)
Asian 4 12
Non-Asian 8 10 297%
Mean age, y (SD) 28.3 (5.2) 27.7 (4.7) .810%*
Primigravid? (no. of mothers)
Yes 3 9
No 10
Not known 2 3 449*
Median titer (genome copies/mL) of circulating
HBV (interquartile range) 10® (10°-10%) 107 (10°—10%%) 9697
No. of mothers with titer =10%/mL 7 10 710%

NOTE. HBIg = hepatitis B immunoglobulin; HBsAg = hepatitis B surface antigen; HBV = hepatitis B virus.

* Student’s #-test.
¥ Mann-Whitney two-sample test.
¥ Fisher’s exact test.

laxis, and were HBsAg-negative when tested at age 1 year.
Both were included as controls in the case-control study. X is
one of the cases in the case-control study.

Results
Case-Control Study

Of 1,128 infants born to HBsAg-positive mothers during the
study period, 786 were born to mothers who were also HBeAg-
positive. Of these, 568 were delivered vaginally at or after 36
weeks’ gestation, 552 of whom were given HBIg within 48
hours after birth; 354 of the 552 received all 3 doses of vaccine.
Postvaccination serological test records were available for 232
infants at 1 year of age and showed 16 (6.9%) to be HBsAg-
positive.

Antenatal sera were available from mothers of 14 of the
16 HBsAg-positive infants. DNA sequencing of the segment
amplified from the surface gene of 14 mother-infant serum
pairs revealed sequence mismatches in two pairs. Data derived
from these two latter pairs, whom we identified to be possibly
infected by vaccine-escape HBV mutants [24], were excluded
from further analysis. Only infants (n = 12) whose sera yielded
HBV DNA sequences matching those of the corresponding
mothers were included as cases in this study.

Differences between cases and controls with regard to the
characteristics of infants and mothers, levels of maternal circu-
lating HBV, and number of mothers with an HBV titer (genome
copies) =10%/mL were not significant (table 1). The difference

between the two groups in the distribution of maternal HBV
genotypes was of interest only when type C was compared
with other types. Table 2 shows that infants whose mothers
were infected by non-C (A, B, D, and E) genotypes were at

Table 2. Univariate analysis: genotypic and allelic changes in ma-
ternal hepatitis B virus (HBV) as risk factors for HBV infection in
infants.

No. of infants
with characteristic

Characteristic Cases  Controls P value* OR (95% CI)
Genotype

Non-C* 10 11

C 2 11 .075 4.77 (0.75-54.8)
Allelic substitutions

cr® 12 14

T!s8 0 8 .030 8.49 (1.14—x)

A or C*7° 11 11

% or G*7° 1 11 .024 10.32 (1.14-515)

G365 9 8

A3 3 14 .071 491 (0.9-37.2)

c7 11 13

7 1 9 .061 7.23 (0.78-362)

* Fisher’s exact test.
T Cases: genotypes B (n = 3), D (n = 6), and E (n = 1). Controls: genotypes
A(m=1),B(n=2),and D (n = 8).
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higher risk of infection than those whose mothers carried geno-
type C, although this did not reach the 5% significance level.

Comparison of DNA sequences in the surface gene ampli-
cons derived from mothers of cases and controls did not reveal
base changes that were unique to mothers of the cases. Base
substitutions at allelic sites were then examined. Substitutions
at the following nonneutral allelic positions were compared:
136, 139, 146, 158, 167, 170, 176, 191, 203, 254, 328, 337,
365, 377, 401, 427, 476, 479, 482, and 503. Those at the
following neutral allelic sites were also compared: 140, 192,
213, 246, 300, 354, 366, 420, 438, 444, and 513.

Substitutions occurring at five of these 31 sites correlated
with neonatal HBV infection. Table 2 shows that the following
allelic substitutions in the surface gene had the greatest associa-
tion with neonatal infection: C'*%, A*% and A*”. In addition,
G**® and C*77 also showed some association with infection,
although not at the 5% significance level. The allelic base
changes were highly correlated, particularly those at positions
328 and 479.

The results of multivariable analyses are given in table 3. A
high titer of maternal HBV DNA (i.e., =10° genome equiva-
lents/mL) was significantly associated with neonatal infection
independently of G**° but not independently of the non-C geno-
type or of C'*%, A3 C*77, or A*”°. However, four of the five
allelic changes (C"%, A%, G**°, and A*"®) were significantly
associated with infection independently of titer.

Molecular Epidemiology of HBV Transmission Linked to
Breakthrough Infection

Identical banding patterns (figure 1) were produced in the
SSCP assay procedure by amplicons derived from the surface
and core genes of HBV in serum from X’s mother (M) at the

Table 3. Multivariate analysis: maternal hepatitis B virus (HBV)
titer and genotypic and allelic changes as risk factors for HBV infec-
tion in infants.

Covariates P value OR (95% CI)

Titer plus genotype

Titer of =10° genome equivalents/mL 115 4.72 (0.62-63.2)

Non-C .041 9.98 (1.1-173)
Titer plus base change at position 365

Titer of =10% genome equivalents/mL .027 8.33 (1.05—x)

G’ .003 15.8 (2-x)
Titer plus base change at position 328

or 479

Titer of =10® genome equivalents/mL 103 5.25 (0.67-70.6)

A or A .005 20.6 (1.71-1,296)
Titer plus base change at position 158

Titer of =10° genome equivalents/mL 257 3.32 (0.53-24.4)

Cc'® .017 12 (1.49—)
Titer plus base change at position 377

Titer of =10° genome equivalents/mL .345 2.83 (0.47-20.6)

c7 .059 9.78 (0.94-542)
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time of pregnancy, serum from X at age 1 year, and serum
from the three contacts (A, B, and C) during acute hepatitis,
as well as saliva from X collected during the investigation into
C’s hepatitis. Note that the study specimens had been collected
over 6 years. Figure 1 also shows that sera from two unrelated
cases of acute hepatitis B and the control plasmid yielded
different banding patterns. DNA sequencing confirmed the se-
quence identity of HBV in all the serum samples and in the
saliva of X. Sequencing also revealed that the HBV variant
common to these individuals was distinct from HBV infecting
the other 10 cases (data not shown).

The HBV variant carried by M, X, A, B, and C has the
following base changes: C'*%, A**¥, G**, and A*”’. The circulat-
ing HBV titer in M when pregnant with X was 10 genome
equivalents/mL. The titers during her pregnancy with the two
other children were 10° and 10? genome equivalents/mL. There
were no changes in the sequence of HBV characterized during
the later pregnancies.

Discussion

The failure rate of passive-active immunoprophylaxis in in-
fants of HBeAg-positive mothers, as measured by the HBsAg
carriage rate at ~1 year of age, is low, ranging from zero to
14% [16, 25—27]. This variation reflects several factors: ethnic
background of the study subjects, total number of HBIg injec-
tions given (ranging from 1 to 7), HBIg dosage (as fixed doses
or calculated according to body weight), anti-HBsAg content
of HBIg (varying according to the antibody levels prevailing
in plasma donors), and vaccine type (plasma- or yeast-derived),
dose (ranging from 2 mg to 30 mg of HBsAg), and schedule
(3- or 4-dose, with varying intervals between each dose).

Few studies have considered, in addition, variation due to
obstetric factors. We excluded this consideration by restricting
the study to infants who were delivered full-term and without
obstetric intervention: those born to mothers who underwent
gestational complications that could have led to transplacental
materno-fetal hemorrhage (e.g., threatened abortion and pre-
term and prolonged labor [28]) were excluded. The 6.9%
HBsAg carriage rate we observed consequently represents an
infection rate in which the effect of variation in peripartum
materno-fetal hemorrhage is minimized. Since the denominator
(232) for calculating the carriage rate at 12 months of age
comprises infants who received high-dose HBIg and the full
course of vaccine, the rate reflects infection acquired in the
absence of antenatal and peripartum complications and despite
optimal immunoprophylaxis. Under such favorable circum-
stances, the observed rate of breakthrough infection is 5.8%,
disregarding the two cases of infection by putative vaccine-
escape mutants.

In the case-control part of this study, univariable analysis
did not show high-level viremia to be a significant risk factor,
but multivariable analysis with certain allelic changes, particu-
larly G*%, revealed that high-level viremia was associated with
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Figure 1. Evidence of horizontal hepatitis B virus (HBV) infection
subsequent to vertical breakthrough infection. Single-strand confor-
mation polymorphism (SSCP) banding patterns of HBV DNA frag-
ments amplified from the surface gene (fop panel) and the core gene
(bottom panel) are shown. P = pHBV130; M = serum of mother,
M, taken when pregnant in 1990 with X; X, = serum of index case,
X, at 1 year of age (1991); 4, B, and C = serum of infected contacts
A, B, and C, taken in 1992, 1994, and 1995, respectively; X,y =
saliva of X, obtained in 1995; and E and F' = serum from unrelated
patients with acute hepatitis B.

an independent increase in risk. In this respect, the finding
agrees with data from previous studies [12—14]. The indepen-
dent effect of viremia is further exemplified in the case of the
mother (M) of the source (X) of the HBV transmission series
studied in detail in this report: while the sequence of HBV
carried by M remained identical throughout the three pregnan-
cies, it was only during her pregnancy with X, when the level
of viremia was high, that breakthrough infection occurred.

However, our study identifies allelic substitutions at posi-
tions 158, 328, 365, 377, 479, and 2,064 as additional risk
factors. Thus, when viremia was included as a predictor in
multivariable analysis, the base changes at positions 158, 328,
365, and 479 were seen to increase in significance and gave
higher estimated odds ratios. Owing to the small size of this
study and the many variables examined, it was not possible to
show which of the identified risk factors would be the best
predictor of breakthrough infection or whether a combination
of factors would lead to an increased risk.

There are several limitations to this case-control study. One
is selection bias, because only 40% (232) of the 568 full-term
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infants born without obstetric intervention to HBeAg-positive
mothers during the study period served as the denominator for
estimating the HBsAg carriage rate. In the United Kingdom,
the failure to vaccinate at-risk infants against HBV completely
and to fully achieve postvaccination testing is a recognized
problem [10]. Another limitation arises from the restricted
availability of mother-infant serum pairs for use as controls.
Several reporting laboratories were not able to provide archived
HBsAg-positive sera for our study. The small size of the control
group, as well as that of the case group, accounts for the
relatively wide confidence intervals observed in the odds ratios.

The DNA sequence of the maternal viral genome was not
examined in its entirety. Consequently, the possibility that resi-
dues other than the four identified here, particularly in non-
C genotypes, are associated with increased risk could not be
excluded. However, that the four changes in the surface gene
are all missense mutations may be significant. In early studies,
investigators using synthetic peptides located the immunodom-
inant a antigen, against which neutralizing antibodies are
raised, as residing between codons 138 to 149 of HBsAg [19,
20]. Later studies, with use of mutagenesis [29] and amino
acid replacement assays of immunizing oligopeptides [30],
identified key antigenic residues at a disulphide loop stretching
from codons 140 to 146.

The missense mutations at positions 158, 328, 377, and 479
affect codons 53, 110, 122, and 160, respectively, and would
appear to lie outside the a determinant. However, one study
located a-specifying epitopes within a wider domain of the
HBsAg polypeptide, extending back to codon 110 [18]. In more
recent studies, phage display technology revealed the presence
of continuous HBsAg epitopes between codons 115 and 129
[31], 117 and 122 [32], and 121 and 124 [33], as well as
discontinuous epitopes between codons 101 and 207 [33].
Hence three of the four missense mutations (at positions 328,
377, and 479) lie within regions that specify HBsAg epitopes.

The extent to which the newly characterized epitopes contribute
to the antigenicity of the a determinant is not clear; they may
play accessory roles in eliciting antibodies with specificities and
affinities different from those elicited by the more immunodomi-
nant epitopes of the @ determinant. The base changes in codon
122 are particularly significant. In this codon, G*®* specifies argi-
nine while A’ specifies lysine, and these are the key determinants
of the y and d subtype, respectively [22].

It is interesting to note that Lelie et al. [34] observed subtype
y occurring more commonly than d in their series of infants
with breakthrough infection. It is possible that the mutation
affecting this codon, and perhaps those involving codons 110
and 160, interferes with the suppression of perinatally transmit-
ted HBV by HBIg [35, 36] and by vaccine-induced antibody
[37]. The chances of failure to clear the virus may be enhanced
when the exposure dose is high. The significance of the muta-
tion at position 158, affecting codon 53, is unknown.

We did not attempt to detect HBsAg serially in infants during
their first year of life. Other groups that had done so reported
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HBsAg positivity at or within 3 months of birth in some of
their cases [4—6, 13], pointing to intrauterine infection. Infants
found to be HBsAg-positive between 6 and 9 months of age
have also been regarded to be infected in utero, because the
vast majority of infants not receiving prophylaxis become posi-
tive in this period and not later [6, 35, 38]. The retrospective
nature of our study does not allow intrauterine and perinatal
infection to be distinguished. Thus, the possibility cannot be
excluded that the high-risk mutations identified are associated
with the propensity for HBV variants bearing these mutations
(or other base changes that co-segregate with these mutations)
to be transmitted in utero.

A factor not considered in this study is nonresponse or poor
response of the infant to vaccination, thereby predisposing to
postnatal infection. However, positive HBsAg detection at 1
year of age seldom reflects postnatal infection [38]. Furthermore,
a Dutch study examining the role of nonresponse to hepatitis B
vaccine in infants born to HBeAg-positive mothers found that
the HLA haplotype regarded to be strongly associated with non-
response in adults, HLA-B§-DR3, was not represented in any
of the infants in the infected nonresponder group [14].

The findings in our study of serial HBV transmission exem-
plify how, in a community where the level of herd immunity
is low, unimmunized contacts continue to be susceptible to
infection by HBV carriers. The public health impact of HBV
transmission from individuals who become carriers as a result
of failed immunoprophylaxis should be much reduced if uni-
versal vaccination policies are carried out [39, 40], as substan-
tial boosting of the level of herd immunity is then achieved.
The implementation of wide vaccination would have to be
accompanied by continued efforts to identify carrier mothers
and to provide follow-up testing of their offspring.

The problem of preventing chronic HBV infection in the
infants remains. It is therefore important to determine whether
HBeAg-positive pregnant women who carry the virus at a high
titer and have the high-risk genetic characteristics identified
here are more likely to give birth to infected infants who may
not eliminate the virus despite immunoprophylaxis. To effect
this, procedures for quantifying viremia and for the identifica-
tion of specific high-risk nucleotide changes in the HBV ge-
nome in maternal sera could be developed and applied. Differ-
ent management strategies could then be implemented to lessen
the risk that the infant would become a carrier. Possible mea-
sures are preconceptual antiviral chemotherapy to suppress ma-
ternal viremia, administration of HBIg into the fetus by cordo-
centesis to prevent intrauterine infection [41], and cesarean
section to prevent perinatal transmission [42].

Acknowledgments

The authors thank the laboratories that reported surveillance
data and provided study specimens; B. Botto, M. Collins, and
C. Parker for assistance with data collation; and E. Miller,
P. P. Mortimer, and A. V. Swan for helpful discussions.

Maternal HBV and Risk Factors for Infants 105

References

1.

20.

Gust ID. Epidemiology of hepatitis B infection in the Western Pacific and
South East Asia. Gut 1996;38:S18-23.

. Edmunds J, Medley GF, Nokes DJ, Hall AJ, Whittle HC. The influence

of age on the development of the hepatitis B carrier state. Proc R Soc
London B 1993;253:197-201.

. Beasley RP, Trepo C, Stevens CE, Szmuness W. The e antigen and vertical

transmission of hepatitis B surface antigen. Am J Epidemiol 1977;105:
94-38.

. Beasley RP, Hwang LY, Lee GCY, et al. Prevention of perinatally trans-

mitted hepatitis-B virus infections with hepatitis-B immunoglobulin and
hepatitis-B vaccine. Lancet 1983;2:1099—-102.

. Wong VCW, Ip HMH, Reesink HW, et al. Prevention of the HBsAg

carrier state in newborn infants of mothers who are chronic carriers of
HBsAg and HBeAg by administration of hepatitis-B vaccine and hepati-
tis-B immunoglobulin. Lancet 1984;1:921-6.

. Stevens CE, Taylor PE, Tong MJ, et al. Prevention of perinatal hepatitis

B virus infection with hepatitis B immune globulin and hepatitis B
vaccine. In: Zuckerman AlJ, ed. Viral hepatitis and liver disease. New
York: Alan R. Liss, 1988:982-9.

. Hsieh CC, Tzonou A, Zavitsanos X, Kaklamani E, Lan SJ, Trichopoulos

D. Age at first establishment of chronic hepatitis B virus infection and
hepatocellular carcinoma risk. Am J Epidemiol 1992;136:1115-21.

. Mulligan MJ, Stichm ER. Neonatal hepatitis B infection: clinical and

immunologic considerations. J Perinatol 1994;14:2-9.

. Lin HH, Chang MH, Chen DS, et al. Early predictor of the efficacy of

immunoprophylaxis against perinatal hepatitis B transmission: analysis
of prophylaxis failure. Vaccine 1991;9:457—-60.

. Smith CP, Parle M, Morris DJ. Implementation of government recommen-

dations for immunising infants at risk of hepatitis B. BMJ 1994;309:
1339.

. Mahoney FJ, Smith N, Alter MJ, Margolis H. Progress towards the elimina-

tion of hepatitis B virus transmission in the United States. Viral Hepatitis
Rev 1997;3:105-19.

. Boxall EH, Harrison TJ, Wheeley. HBV DNA levels in hepatitis B carrier

mothers: relationship with protection against perinatal transmission by
vaccine. In: Hollinger FB, Lemon SM, Margolis HS, eds. Viral hepatitis
and liver disease. Baltimore: Williams & Wilkins, 1991:757-9.

. Ip HMH, Lelie PN, Wong VCW, Kuhns MC, Reesink HW. Prevention

of hepatitis B virus carrier state in infants according to maternal serum
levels of HBV DNA. Lancet 1989;1:406—10.

. del Canho R, Grosheide PM, Schalm SW, de Vries RRP, Heitjink RA.

Failure of neonatal hepatitis B vaccination: the role of HBV-DNA levels
in hepatitis B carrier mothers and HLA antigens in neonates. J Hepatol
1994;20:483—6.

. Oon CJ, Lim GK, Ye Z, et al. Molecular epidemiology of hepatitis B virus

vaccine variants in Singapore. Vaccine 1995;13:699-702.

. Polakoff S, Vandervelde EM. Immunisation of neonates at high risk of

hepatitis B in England and Wales: national surveillance. BMJ 1988;
297:249-53.

. Boom R, Sol CJA, Salimans MMM, et al. Rapid and simple method for

purification of nucleic acids by using silica particles. J Clin Microbiol
1990;28:495—-503.

. Lerner RA, Green N, Alexander H, et al. Chemically synthesized peptides

predicted from the nucleotide sequence of the hepatitis B virus genome
elicit antibodies reactive with the native envelope protein of Dane parti-
cles. Proc Natl Acad Sci USA 1981;78:3403—7.

. Bhatnagar PK, Papas E, Blum HE, et al. Immune response to synthetic

peptide analogues of hepatitis B surface antigen specific for the a deter-
minant. Proc Natl Acad Sci USA 1982;79:4400—4.

Prince AM, lkram H, Hopp TP. Hepatitis B virus vaccine: identification
of HBsAg/a and HBsAg/d but not HBsAg/y subtype antigenic determi-
nants on a synthetic immunogenic peptide. Proc Natl Acad Sci USA
1982;79:579—-82.

220z 1snbny 9| uo 1sanb Aq £866GE/00L/1/LZ/21914E/pIo/Wwod dnoolwspede//:sdyy woll papeojumoq



106

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Ngui et al.

Yusof HM, Flower AJE, Teo CG. Transmission of hepatitis B virus ana-
lyzed by conformation-dependent polymorphisms of single-stranded vi-
ral DNA. J Infect Dis 1994;169:62—7.

Norder H, Courouce AM, Magnius LO. Complete genomes, phylogenetic
relatedness and structural proteins of six strains of the hepatitis B virus,
four of which represent two new genotypes. Virology 1994;198:489—-503.

Parry JV, Perry KR, Mortimer PP. Sensitive assays for viral antibodies in
saliva: an alternative to tests on serum. Lancet 1987;2:72-5.

Ngui SL, O’Connell S, Eglin RP, Heptonstall J, Teo CG. Low detection
rate and maternal providence of hepatitis B virus S gene mutants in
cases of failed postnatal immunoprophylaxis in England and Wales. J
Infect Dis 1997;176:1360—5.

Andre FE, Zuckerman AJ. Review: protective efficacy of hepatitis B vac-
cines in neonates. J Med Virol 1994;44:144-51.

Farmer K, Gunn T, Woodfield DG. A combination of hepatitis B vaccine
and immunoglobulin does not protect all infants born to hepatitis B e
antigen positive mothers. NZ Med J 1987;100:412—4.

Grosheide PM, del Canho R, Heitjink RA, et al. Passive-active immuniza-
tion in infants of hepatitis Be antigen—positive mothers. Am J Dis Child
1993;147:1316-20.

Lin HH, Kao JH, Hsu HY, Mizokami M, Hirano K, Chen DS. Least
microtransfusion from mother to fetus in elective cesarean delivery.
Obstet Gynecol 1996;87:244-8.

Ashton-Rickardt PG, Murray K. Mutants of the hepatitis B virus surface
antigen that define some antigenically essential residues in the immuno-
dominant a region. J] Med Virol 1989;29:196—203.

Steward MW, Partidos CD, Di Mello F, Howard CR. Specificity of anti-
bodies reactive with hepatitis B surface antigen following immunisation
with synthetic peptides. Vaccine 1993;11:1405—14.

Motti C, Nuzzo M, Meola A, et al. Recognition by human sera and immu-
nogenicity of HBsAg mimotopes selected from an M13 phage display
library. Gene 1994;146:191-8.

Germaschewski V, Murray K. Identification of polyclonal serum specifici-
ties with phage-display libraries. J Virol Methods 1996;58:21-32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

CID 1998;27 (July)

Chen YC, Delbrook K, Dealwis C, Mimms L, Mushawar IK, Mandercki
W. Discontinuous epitopes of hepatitis B surface antigen derived from
a filamentous phage peptide library. Proc Natl Acad Sci USA 1996;93:
1997-2001.

Lelie PN, Ip HMH, Reesnink HW, Wong VCW, Kuhns MC. Prevention
of the hepatitis B virus carrier state in infants of mothers with high and
low serum levels of HBV-DNA. In: Hollinger FB, Lemon SM, Margolis
HS, eds. Viral hepatitis and liver disease. Baltimore: Williams & Wil-
kins, 1991:753-6.

Beasley RP, Hwang LY, Stevens CE, et al. Efficacy of hepatitis B immune
globulin for prevention of perinatal transmission of the hepatitis B virus
carrier state: final report of a randomized double-blind, placebo con-
trolled trial. Hepatology 1983;3:135-41.

Ogata N, Ostberg L, Erlich P, Wong DC, Miller RH, Purcell RH.
Markedly prolonged incubation period of hepatitis B in a chimpan-
zee passively immunized with a human monoclonal antibody to the
a determinant of hepatitis B surface antigen. Proc Natl Acad Sci
USA 1993;90:3014-8.

Maupas P, Chiron J-P, Barin F, Coursaget P, Goudeau A. Efficacy of
hepatitis B vaccine in prevention of early HBsAg carrier state in chil-
dren. Lancet 1981;1:289-92.

Beasley RP, Hwang LY. Postnatal infectivity of hepatitis B surface anti-
gen—carrier mothers. J Infect Dis 1983;147:185-90.

Goh KT. Hepatitis B immunisation in Singapore. Lancet 1996;348:
1385-6.

Chang MH, Chen CJ, Lai MS, et al. Universal hepatitis B vaccination in
Taiwan and the incidence of hepatocellular carcinoma in children. N
Engl J Med 1997;336:1855-9.

Yurdakok M, Beksac S. Hepatitis B immunoglobulin given in utero. Pedi-
atr Infect Dis J 1994;13:551.

Lee SD, Lo KIJ, Tsai YT, et al. Role of caesarean section in prevention
of mother-infant transmission of hepatitis B virus. Lancet 1988;2:
833-4.

220z 1snbny 9| uo 1sanb Aq £866GE/00L/1/LZ/21914E/pIo/Wwod dnoolwspede//:sdyy woll papeojumoq



