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ABSTRACT
This two-stage study (cross-sectional and case-control) assessed the efFects of delayed second dose HB
vaccination on the risk of developing chronic HBV infection in infants born to chronically HBV infected
mothers. 521 infants enrolled received the first vaccination by the end of the day after birth. without HBIG.
15 of these infants were chronically HBV infected. In the case-control comparison. controlling for HBeAg
in the mother. the risk of an infant becoming chronically infected was 3.74 times (95% (I =0.97-14.39)
higher if the interval between the first and the second doses exceeded 10 weeks. This finding suggests
it is important that immunization programs ensure timely second dose vaccination to infants born to
mothers with chronic HBV infection. Nevertheless. due to the small sample size. these findings should
be verified by larger studies.
© 2009 Elsevier Ltd. All rights reserved.

1. Introduction
Hepatitis B virus (HBV) infection is a global public health prior
ity. Although effective hepatitis B (HB) vaccine has been available
for more than 20 years. approximately 500.000-700,000 people
sti II succumb to hepatitis B-related disease each year 11.21. HBV
is readily transmitted by percutaneous and permucosal exposure
to infected blood and other body fluids. In Asia, vertical transmis
sion especially during perinatal period constitutes a major cause
of transmission 13,4]. Without vaccination. approximately 50% of
children of infected mothers become infected by them [51, and up
to 90% of infected children developed chronic HBV infection 16J.
To reduce the incidence of HBV infection. the World Health
Organization has recommended that, starting in 1997. all countries
include HB vaccine in their immunization programs [7]. Universal
HB vaccination of neonates. regardless of maternal HB status. has
proved very effective in reducing the rate of chronic HBV infection
in HB endemic countries 18-101. In countries with a high propor
tion of perinatally acquired HBV infections. it is recommended
that the first dose of HB vaccine be given as soon as possible
«24 h) after birth 12]. Various studies have shown that neona
tal vaccination is effective. whether vaccine alone or vaccine plus
HB immunoglobulin (HBIG) is administered 111.12J. The rates of
chronic HBV infection in many endemic countries (e.g. Thailand

and Taiwan) have as a result decreased to below 1% [8,13.141. In
Thailand. the rate of chronic HBV infection among children under
the age of 4 was estimated at 4-8% prior to the introduction of uni
versal HB vaccination without HBIG at birth in 1992 (15 J. Surveys
in several regions ofThailand in 1999 and 2004 demonstrated that
the rate of chronic HBV infection among children born after 1992
had fallen to only 0.7% [8.13].
Despite the effectiveness of current HB vaccination pro
grammes. it could take several generations to eliminate the disease.
as newborns infected by their mothers are likely to be a source
of infection throughout their lives. In developing countries where
HBIG is not available. maximising the effectiveness of vaccination is
thus particularly important. The birth dose strategy is an example
of how such improved effectiveness may be achieved in practice.
The question addressed by this study is whether the efficacy of the
neonatal dose may be further improved by optimising the interval
between it and the second dose. Intuitively. a long interval between
the first and second vaccine dose should be avoided. but unequiv
ocal data are not available. The present study was conducted to
address the above issues. to provide a basis on which Thailand's
National Advisory Committee on Immunization could modify the
country's HB immunization schedule to reduce vertical transmis
sion.

2. Materials and methods
• Corresponding author. Tel.: +6622564909: fax: +66 2 2564929.
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vaccination among children age 12-17 months in Chiangrai was
93.8% in 2000 1161.
In infants born to HBsAg-positive mothers (mothers with
chronic HBV infection). due to the concern that delayed second
HB vaccination might increase the risk of chronic HBV infection
in children. the Chiangrai Maternal and Child Health Board recom
mended giving an extra dose of monovalent HB vaccine at 1 month.
In 17 district hospitals. the recommendation from the Board was
followed. so such infants received 5 doses of HB vaccine. In provin
cial hospitals. due to budget constraints. the first dose ofDTPw-HB
vaccine was given earlier. at 6 weeks. so the HB vaccination sched
ule for such infants there remained 4 doses (Table I). However.
in practice. about hal f of all infants born to mothers with chronic
HBV infection (in district and in provincial hospitals) received their
second doses later than scheduled. The situation in Chiangrai thus
provided an opportunity to investigate the effects of the interval
between the first two doses of HB vaccine on the rate of chronic
HBV infection in infants.

·':".

2.3. Stage 1: cross-sectional study
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Fig. 1. Location orChiangrai.the northernmost province orThailand.

istry of Public Health. Thailand. The study was carried out fromJune
to October 2006. Written informed consent was obtained from all
partici pa nts.

2.1. Study location
Chiangrai. a province in the North ofThailand with some 10.000
births per year was selected as the study site. because of its par
ticular characteristics. These included routine testing for HBsAg in
all antenatal clinics. and HBIG being neither available nor recom
mended for newborns in public or private hospitals. The majority
of the population in the province is indigenous Thai. but 12.5% con
sists of ethnic minority "hill tribes" most of whom live in rather
basic conditions in mountainous areas. All public hospitals in the
province (1 provincial and 17 district hospitals) participated in the
study. The location of Chiangrai is shown in Fig. 1.

2.2. HB vaccination schedules in Chiangrai
For children of HBsAg-negative mothers. HB vaccination in the
province follows the national schedule. which requires monovalent
HB vaccine within 24 h of birth and combined DTPw-HB vaccine at
2.4 and 6 months. Coverage of this three-dose course of DTPw-HB

The cross-sectional study. started in June 2006. was used to
estimate the overall chronic HBV infection rate in infants born to
mothers with chronic HBV infection. in association with their HB
vaccination history.
From hospital records. lists were made of children born in 2004
and 2005 to mothers with chronic HBV infection. Le. those found
HBsAg positive during routine antenatal testing. At the time of
recruitment. the children of these mothers were aged 6 months to
2.5 years. The children concerned were then located and their par
ents invited to enroll them in the study. Sera from these children
were tested for HBsAg. HBsAb and HBcAb. and their HB vaccination
histories noted. The history was in most instances obtained from
the child's vaccination card. If the card was lost or incomplete. the
history was obtained instead from health facility records.
Children were excluded from the cross-sectional study if any of
the following applied: no longer residing in Chiangrai: had received
HBIG: had not received the first dose of HB vaccine within by the
end of the day following birth: had not received all scheduled doses
of HB vaccine by at least 1 month before serum collection: or. par
ents refused consent.

2.4. Stage 2: case-control study
The case-control study was built upon the results of the cross
sectional study. Its objective was to identify associations between
the HBV status of the children born to mothers with chronic HBV
infection and the vaccination history of these children. controlling
for the HBeAg status of the mothers. Cases were all children with
chronic HBV infection. while controls were randomly selected non
chronically infected children identified from the cross-sectional
study (Fig. 2). Mothers of all cases and controls were invited to test
for HBsAg and HBeAg. Cases and controls were excluded where
mothers were found to be HBsAg negative. had any disease pre
cluding venous puncture. or refused consent.

Table 1
Recommended HB vaccination schedule 1'01' newborn children or HBsAg-posilive and ·negative mothers. Chiangrai. 2004-2006.
Group

Age

Children born to HBsAg-negalive mother>

HB

Childrcn born [0 HBsAg-posilive mothers
5-Dose grollp
4-Dosc group

HB
HB

Binh

I month

6 weeks

HB
DTPw-H6

2 months

4 months

6 months

DTPw·HB

DTPw-HB

DTPw-HB

DTPw-HB

DTPw-HB
DTPw·HB

DTPw-HB
DTPw-HB

r.
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Fig. 2. Pop"lation and s,mples in tile study.

2.5. Labomrory teslS

The ELISA test kits for HBsAg. HBeAg. HBsAb and HBcAb
were those produced commercially by Abbott laboratories (Murex
Biotech Ltd. Dartford. UK). The positive cut-off points specified by
the manufacturer were used for all tests.
2.6. Data analysis

In order to determine the effect. if any. of the interval between
the first and second dose of HB vaccine (HBl-2) on perinatal trans
mission rates. children were divided into groups based on their
total number of HB vaccinations (4-dose and 5-dose). and on the
duration of their HBI-2 inrei"Vals (less than 6 weeks. 6-7 weeks,
8-9 weeks, and 10 weeks or longer).
Thr descriptive data were analyzed by determining the percent
age of chronically HBV infected children and the corresponding
95% confidence intelvals (95% 0) for each group of children. The
case-control results were analyzed using the odds ratio (OR) and
its 95% CI. Anti-HBs levels were determined by geometric mean
titre (GMT). Statistical analysis was performed using the STATA 6.0
package.

3. Results
A total of 997 children were born to mothers with chronic
HBV infection in Chiangrai in 2004 and 2005. of whom 620 met
the study's inclusion criteria. Of those excluded. 194 could not be
located. 125 had moved outside Chiangrai. 27 had received their

first dose of HB vaccine too late. 24 had not completed the HB vac
cine regimen in time. and 7 had died from various diseases not
related to the vaccine. Of the 620 children who could potentially be
included, consent was obtained for 519. but sera were successfully
taken from only 517 (Fig. 2).
These 517 children had a median ageof568 days(range 212-929
days) on the dates their sera were taken. Fifteen of them were found
to develop chronic HBV infection, the overall rate of chronic infec
tion being 2.9% (95% CI = 1.69-4.85). The rate of chronic infection in
the 5-dose group was 1.44% (4/277), while in the 4-dose group it
was 4.58% (11/240). The risk in the 4-dose group was thus greater
than in the 5-dose group by a factor of 3.17 (95% 0 = 1.02-9.84). In
the 5-dose group, all but one child had an HBl-2 interval shorter
than 8 weeks (90% less than 6 weeks). Rates of chronic HBV infec
tion by HB 1-2 interval are shown in Table 2. All of the 502 children
without chronic HBV infection had anti-HBs levels above the pro
tective level of 10 mlU/ml, the average GMT being 193.4 mlU/ml. In
children whose sera were taken 91-180 days after complete vacci
nation. those who received 5 doses initially had higher GMT levels
than those who received 4 doses. but this effect faded with time
(Fig. 3).
In the case-control study. one of the 15 HBsAg-positive children
had to be excluded because his mother could not be located. The
remaining 14 HBsAg-positive children were recruited as cases. Of
the 120 randomly selected HBsAg-negative children invited as con
trols (8 controls per 1 case), 116 were successfully recruited (Fig. 2).
All the cases except one (i.e. 92.9%) had HBeAg positive mothers
(Table 3), while 33 of the 116 (28.4%) controls had HBeAg positive
mothers.
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Table 2
Chronic HBV infection rates by HBI-2 interval in the cross-sectional study.
No. of
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After controlling for meltemal HBeAg status using multiple logis
tic regression. it was found that children having intervals longer
than 10 weeks between their first two HB vaccine doses were at
gre<1ter risk of developing chronic HBV infection (Table 4). Their
risk was 3.74 times higher than that of those with intervals shorter
than 10 weeks (95% CI = 0.97-14.39). Restricting the comparison to
the children having HBeAg positive mothers (13 cases and 33 con
trols). those who had their first two doses of vaccine more than 10
weeks apart were 4.8 times more likely to become chronically HBV
infected (95% CI = 1.13-20.41, Table 5).
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4. Discussion
The study reported here is believed to be the first to estimate
the risk of delaying second dose vaccination. It is well known that
most cases of hepatitis Bvaccine failure in high risk newborns occur
during the first months of life [8,171. However. there are no rigid
guidelines as to the interval between the first and second doses of
vaccine. Most studies have demonstrated the high efficacy of hep
atitis Bvaccine in high risk neonates of vaccine doses administered
at birth. 1 and 6 months 118.191. and the HB vaccination sched
ules recommended by the manufacturers for infants in endemic
countries are consistent with this finding.
The WHO has suggested implementing universal hepatitis Bvac
cination in highly endemic countries, with a first dose at birth and
subsequent doses added to the national immunization programme
without requiring additional visits for vaccination 120]. As a result,
intervals between the first two doses as recommended by different
national programmes range from 4 weeks to 2 months, depend
ing on various factors, e.g" pre-existing immunization schedule,
readiness of parents to accept multiple injections in one visit. com
bination vaccine used etc. Additionally. operation of vaccination
clinics in developing countries is often periodically not daily, so
many children may in practice receive vaccine some weeks after
the recommended age.
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Table 4
Risk of chilelren becoming chronically HBV infected: adjusted odds ratios and 95%
confidence InrervJls (by l11ultiplr logistic regression).

Risk factor

IIdjusted OR

HBellg positive mother
HBI-2 illl~TVcll of 10 weeks or mOfe

34.03
3.74

95% C1
4.19-276.62
0.97-14.39

Table 5
Numher 01 c.ses (childrell with chronic HBV infeerion)and control (children without
HBV infection) that were horn tn HBcAg po'itive mother hy HB 1-2 interval.

HB 1-2 intervalless thall 10 weeks
HBl-2 illterval 10 weeks or more

Cases

Control

7
6

28
5

Although our main study result has not reached statistically sig
nificant due to small sample size. it suggests that. where children
receive the birth dose vaccination on time. delaying the second
dose vaccination beyond 10 weeks typically increases their risk of
becoming chronically HBV infected four- to five-fold. This could
have significant implications in Thail,lnd. and probably in many
other developing countries. In Thailand. 81.5% of newborns receive
the HB v,lCcine birth dose on time [21]. and the second dose is rec
ommended at 2 months. However. since the immunization clinic
operates once a month. some 50% of the 40.000 infants born to
mothers with chronic HBV infection would have their second dose
appointment at later than 10 weeks of age. Modifying Thailand's
national HB immunization schedule could thus help further reduce
the chronic HBV infection rate.
The overall chronic HBV infection rate among high risk infants in
our study was very low. at 2.9%. This was probably influenced by the
inclusion criteria. which required the children in the study to have
received HB doses shortly after birth and subsequently in accor
dance with the HB vaccine schedule. The low chronic HBV infection
rate resulted in an unexpectedly small number of cases. limiting
statistical power of the study. Low sample size also prevented our
assessing the effectiveness of combined DTPw-HB versus monova
lent HB vaccine. although many previous studies have shown them
to be equally immunogenic [22.23]. However. there was no rea
son to suspect other confounding factors (except for HBeAg in the
mother) or bias in our study.
There was one child who was infected despite the mother being
HBeAg negative. and DNA analysis of maternal HBV revealed a
high viral load by real time PCR [24) (1.26 x 107 copies/I-lI). By the
sequencing result. this mother has been infected by HBV precore
mutants (G 1896A). Due to the amount of HBV in the Thai popula
tion. and the selection pressure from vaccine use. there is always the
possibility of vaccine escape mutants emerging and causing HBV
failure. This research did not study the potential significance of sur
face gene mutants as a cause for immunization failure. Nonetheless.
our previous study has shown that vaccine escape variants cannot
be considered solely responsible for failed immunization [25.261.
The present study also confirmed the efficacy of combined
DTPw-HB vaccine. All non-infected children whose sera were taken
at 91-180 days after complete vaccination had anti-HBs levels
above the protective level of 10 mlU/ml. Combine vaccines should
be used where possible as they are more cost-effective. providing
broader antigen cover and excellent protective levels. The majority
of those vaccinated with combined DTPw-HB vaccine in Thailand
appear to have remained immune for at least 7-10 years [271.
In conclusion. the findings of this study suggest that the risk
of infants born to mothers with chronic HBV infection becoming
chronically infected is associated with a delayed second dose ofHB
vaccine. even if the birth dose has been administered promptly.
Further studies of this topic are needed. using larger popula
tion samples. In Thailand (where pregnant women are routinely

screened for HBsAg in antenatal clinics), the National Advisory
Committee on Immunization has already decided to recommend
an extra dose of monovalent HB vaccine exactly 1 month after the
HB birth dose for children born to mothers with chronic HBV infec
tion. This is to be followed in each case by DTPw-HB doses at 2. 4
and 6 months.
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conducted in accordance with the guidelines for human exper
imentation specified by the Institutional Review Board of the
Ministry of Public Health. Thailand.

Acknowledgements
We would like to thank for their assistance the staff of the Chi
angrai provincial and district hospitals, the Center of Excellence in
Clinical Virology. Chulalongkorn University and the Commission
of Higher Education. Ministry of Education. We are grateful to the
Department of Disease Control. Ministry of Public Health. Thailand.
for funding the research.
Conflicts of interest: No conOicts of interest.

References
111 World Health Organization. Hepatitis B (Fact sheet no. 204). Geneva. Switzer
land: World Health Organization: 2000. Accessed at: http://www.who.int{
mediacentre/factsheets/fs204/en/index.html.
12) World Health Organization. Hepatitis B vaccines. Wkly Epidemiol Rec
2004;79:255-63.
[31 Beasley RP. Hwang lY. Lee Ge. lan Ce. Roan CH. Huang FY. et al. Prevention
of perinatally transmined hepatitis B virus infections with hepatitis B virus
infections with hepatitis B immune globulin and hepatitis B vaccine. lancet
1983 ;2: 1099-102.
[41 Pongpipat D. Suvatte V. Assateerawatts A. Efficacy of hepatitis-B immunoglob
ulin and hepatitis-B vaccine in prevention of the HBsAg carrier state in newborn
infants of mothers who are chronic carriers of HBsAg and HBeAg. Asian Pac J
Allergy ImmunoI1986:4:33-6.
15J Beasley RP. Stevens CEo Shiao IS. Meng He. Evidence against breast-feeding as
a mechanism for vertical transmission of hepatitis B. lancet 1975;2:740-1.
[61 Hyams Ke. Risks of chronicity following acute hepatitis B virus infection: a
review. Clin Infect Dis 1995;20:992-1000.
171 Expanded programme on immunization. Global Advisoty Group Part 11. Wkly
Epidemiol Rec 1991 ;66:9-16.
[81 Poovorawan Y. Theamboonlers II. Vimolget T. Sinlaparatsamee S. Chaiear K.
Siraprapasiri T. et al. Impact of hepatitis B immunisation as part of the EPI.
Vaccine 2000: 19:943-9.
[9] Basuni AA. Butterworth L. Cooks ley G. Locarnini S. Carman WF. Prevalence of
HBsAg mutants and impact of hepatitis B infant immunisation in four Pacific
Island countries. Vaccine 2004;22:2791-9.
1101 Hsu HY. Chang MH. Ni YH. Chen HI.. Survey of hepatitis B surface variant infec
tion in children 15 years after a nationwide vaccination programme in Taiwan.

1111

1121

113 J

114/

[151

1161

/17]

Gut 2004;53: 1499-503.
Poovorawan Y. Sanpavat S. Pongpunlert W. Chumdermpadetsuk S. Sentrakul
P. Safary A. Protective efficacy of a recombinant DNA hepatitis B vaccine in
neonates of HBe antigen-positive mothers. JAMA 1989;261 :3278-81.
lee e. Gong Y. Brok J. Boxall EH. Gluud e. Effect of hepatitis B immunisation in
newborn infants of mothers positive for hepatitis B surface antigen: systematic
review and meta-analysis. BMJ 2006:332:n8-36.
Chongsrisawat V. Yoocharoen P. Theamboonlers A. Tharmaphornpilas P.
Warinsathien P. Sinlaparatsamee S. et al. Hepatitis B seroprevalence in Thai
land: 12 years after hepatitis B vaccine integration into the national expanded
programme on immunization. Trop Med Int Health 2006; 11: 1496-502.
Ni YH. Chang MH. Huang lM. Chen HI.. Hsu HY. Chiu lY. et al. Hepatitis B virus
infection in children and adolescents in a hyperendemic area: 15 years after
mass hepatitis B vaccination. Ann Intern Med 2001; 135:796-800.
Chunsuniwat S. Biggs BA. Maynard J. Thamapalo S. laoboripat S. Bovornsin
S. et al. Integration of hepatitis B vaccination into the expanded programme
on immunization in Chonburi and Chiangmai provinces. Thailand. Vaccine
1997;15:769-74.
Chunsuttiwat S. Biggs BA. MaynardJE. Thammapornpilas P. O-Prasertsawat M.
Comparative evaluation of a combined DTp·HB vaccine in the EPI in Chiangrai
Province. Thailand. Vaccine 2002:21: 188-93.
Poovorawan Y. Sanpavat S. Pongpunlert W. Chumdermpadetsuk S. Sentrakul
P. Chitinand S. et al. Comparison of a recombinant DNA hepatitis B vaccine
alone or in combination with hepatitis B immune globulin for the prevention
of perinatal acquisition of hepatitis B carriage. Vaccine 1990:8:560-2.

p, Tharmaphompi/as

er at,; Vaccine 27 (2009) 6110-6115

1181 Poovorawan Y, Sanpavat S, Pongpunglen W. Chumdermpadetsuk S. Sen
trakul P. Vandepapeliere P. et al. Long term efficacy of hepatitis B vaccine
in infants born to hepatitis Be antigen-positive mothers, Pediatr Infect Dis J
1992:11:816-21.
[191 Lolekha S, Warachit B. Hirunyachote A. Bowonkiratikachorn P. West DJ, Poer·
schke G, Protective efficacy of hepatitis B vaccine without HBIG in infants of
HBeAg-positive carrier mothers in Thailand, Vaccine 2002:20:3739-43,
1201 World Health Organization, Hepatitis B: prevention and treatment [cited
August 18,20081, Available from: hltp:/Iwww,who.inticsr/disease/hepatitis/
whocdscsrly020022fen/index5,htmlffimmunizJtion,
\211 Department of Disease Control. Vaccine coverage survey. Thailand 2003,
Bangkok: Ministry of Public Health: 2004,
[221 Poovorawan Y. Theamboonlers A. Sanpavat S. Chongsrisawat V, Willems P.
Safary A, Comparison study of combined DTPw-HB vaccines and separate
administration of DTPw and HB vaccines in Thai children, Asian Pac J Allergy
Immunol 1999: 17: 113-20,

6115

1231 Poovorawan Y, Experience of combined tetravalent diphtheria, tetanus. whole
cell pertussis and hepatitis B vaccine in Thailand, Southeast Asian J Trop Med
Public Health 1997:28:496-9,
124/ Payungporn S, Tangkijvanich P. Jantaradsamee P, Theamboonlers A. Poovo
rawan Y, Simultaneous quantitation and genoryping of hepatitis B virus by
real-time PCR and melting curve analysis,J Viral Methods 2004: 120: 131-40,
125] Poovorawan Y. Theamboonlers A. Chongsrisawat V. Sanpavat S, Molecular anal
ysis of the a determinant of HBsAg in children ofHBeAg-positive mothers upon
failure of postexposure prophylaxis, Int J Infect Dis 1998:2:216-20,
1261 Theamboonlers A, Chongsrisawat V.Jantaradsamee P. Poovorawan Y, Variants
within the "a" determinant of HBs gene in children and adolescents with and
without hepatitis B vaccination as part of Thailand's Expanded Program on
Immunization (EPI), Tohuku J Exp Med 2001: 193: 197-205,
127J Poovorawan Y, Hutagalung Y, Chongsrisawat V. Thaemboonlers A. Lefevre I.
Long-term antibody persistence in children primed and boosted with a DTPw
HBV vaccine at 2. 4. 6. 18, months of age, Vaccine 2008:26: 1535-40,

