
Over 2 billion people worldwide have been
exposed to hepatitis B virus (HBV) and 350

million are chronic carriers of HBV.1,2  While over
35% of Iranians have been exposed to HBV,
approximately 2% are chronic carriers and HBV is
the most frequent cause of end stage liver disease in
this country.3 Hepatitis B vaccine is highly
immunogenic and effective in preventing infection
among children and adults, with an overall efficacy
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ABSTRACT

of 80-95%.4-6  Hepatitis B vaccination strategies
may vary from one country to another, depending
on HBV endemicity, predominant modes of the
infection, age of contracting the infection, and
available health care resources.7  Protective efficacy
following complete vaccination exceeds 95%.8,9  In
some countries, high protective efficacy rates have
been reported without concomitant administration of
hepatitis B immunoglobulin (HBIg) to high risk
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Objective: Although all newborns in Iran have been
vaccinated against hepatitis B since March 1993,  routine
screening of pregnant women has not been conducted in
prenatal care programs, yet transmission of hepatitis B
via the maternal-fetal route is still a viable likelihood,
which must be entertained. 

Methods: The subjects were divided into 2 groups. The
exposed group comprised 97 vaccinated children whose
mothers were seropositive for hepatitis B surface antigen
(HBsAg) and had not received hepatitis immunoglobulin
at birth.  The unexposed group consisted of 87 vaccinated
children whose mothers were seronegative for hepatitis B
surface antigen. We compared these 2 groups to
determine the efficacy of vaccine alone in high-risk
children. This study was conducted in Tehran, Iran, from
June 2002 to December 2002. All children were born
after 1993.

Results: Chronic infection (HBsAg positivity) was
detected in 14.3% of children in the exposed group.
There were no instances of chronic infection in the
unexposed group (relative risk [RR]=13.48, 95%
confidence intervals [CI] 1.8-100.02). Previous infection
of hepatitis B (HBcAb positivity) was found in 29
(29.9%) children in the exposed group, but only one
(1.2%) in the unexposed group (RR=26.01, 95% CI:
3.61-186.95). Immunity (HBsAb positivity) in the
exposed group measured 48 (49.5%) and unexposed
group measured 56 (64.4%) (R.R=0.76, 95% CI:
0.59-0.99).

Conclusion: Vaccination alone did not induce
immunity against hepatitis B in high-risk children; it
seems that routine screening of pregnant women is
necessary for determining whether neonates need
hepatitis B immunoglobulin after birth. 
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after excluding other known etiologies, with or
without confirming biopsy results, or b) having
positive HBsAg  and an ALT level between 1.5-2
times greater than the normal range, and Knodell’s
histology activity index of 4 or more in liver biopsy.
A hepatic cirrhosis patient was defined based on
ultrasonographic findings (splenomegaly and
ascites) with either of the following criteria: a)
presence of esophageal varicose (in upper
gastrointestinal endoscopy), b) presence of platelet
count <80000/micL, c) prothrombin time more than
3 seconds above normal limit or the presence of
cirrhotic findings in liver biopsy alone. 

All families were informed regarding the study
objectives, and were asked to participate in the
protocol.  The care-providing physician informed
the mothers of their test results.  Hepatitis B surface
antigen, HBsAb,  HBeAg, hepatitis B e antibody
(HBeAb), HBcAb, levels of ALT and aspartate
transaminase (AST) that were checked in exposed
group mothers at the time of diagnosis of the disease
in them and was filed in their medical records were
included.  Hepatitis B surface antigen, HBsAb, and
HBcAb were checked in their children (exposed and
unexposed group). Hepatitis B surface antigen and
HBsAb were checked in mothers of children in
unexposed group. The childrens’ fathers were also
tested for HBsAg.  All tests were carried out with a
commercial enzyme-linked immunosorbent assay
(ELISA) kit (Sorin Biomedica, Italy).
Windows®-based SPSS software version 11 was
used for statistical analysis of the relative risk. In
cases where the value of a cell in one of the tables
was zero, 0.5 was added to the cell value.
Quantitative variables had a normal distribution
(shown by Kolmogorov-Smirnov test).
Mann-Whitney U test was used to compare the 2
groups when p>0.05.  The association between
qualitative variables was analyzed using chi-square
test. P value was calculated with the Monte Carlo
test. When p<0.05, the association was considered
as significant.

Results. Mean ± SD age of children in the
exposed group was 6.3±1.9 years and in the
unexposed group was 6.5± 1.9 years. The
comparison of the prevalence of HBsAg, HBsAb,
and HBcAb of children in exposed and unexposed
groups was summarized in Table 1.  Efficiency of
vaccination in children in both groups was
associated with a relative risk (RR) of 0.58, and
95% confidence interval (CI) measured 0.43-0.79.
This means that children with seronegative HBsAg
mothers were twice as immune against hepatitis B
as children with seropositive HBsAg mothers.
Within mothers of children in this group 83 (85%)
were carriers, 12 (13%) had chronic hepatitis, and 2
(2.2%) had cirrhosis. No significant association was

infants whose mothers were hepatitis B surface
antigen (HBsAg) positive.10-12  Besides, the results of
some studies  in Taiwan and Hong Kong showed
that the protective efficacy of vaccine alone was
significantly low, especially when the mother is
hepatitis e antigen (HBeAg) positive.13,14  

Hepatitis B vaccination has become a part of the
Expanded Program for Immunization in Iran since
March 2003 and all newborns have been covered by
the program and have received the vaccine
according to a 3-dose course: the first dose at birth,
the second dose at 1.5 months after birth, and the
third dose at ninth month after birth.15  Screening of
pregnant women for hepatitis markers was not
carried out routinely in prenatal care programs in
Iran yet, therefore many of the high-risk infants
have not received any passive immunization after
birth.  This study was designed to determine the
efficacy of vaccination alone in high-risk children
born after March1993 in Iran.  

Methods.  This study was performed in 2
gastrointestinal clinics in Tehran (the capital of Iran)
during the year 2002. We collected medical data
from 97 HBsAg positive mothers whose children
were in the exposed group and were born after
1993.  The mothers were known cases of hepatitis B
before enrollment in the study and their first child
bearing that were referred to hepatitis clinics for
routine medical visits. All medical records of
families were reviewed and the mothers’ stage of
disease (carrier, chronic hepatitis or cirrhosis) was
determined. There were 87 HBsAg negative
mothers whose children were in the control group
and were born after 1993. Both case and control
group samples were selected from a same residential
area; socially, medically and economically deprived
cases were not under care of our centers. The first
children of case group mothers were included in this
study if they had the history of vaccination
according to the modified national vaccination
program (0, 1.5, 9 months). Exclusion criteria were
hemophilia, surgery, tattooing, hemodialysis, having
received blood products, having received hepatitis B
immunoglobulin at birth, and HBsAg positivity in
fathers (HBV infection status in other members was
not checked routinely in the study).  In this study,
chronic infection was inferred by the presence of
HBsAg, previous exposure to hepatitis B was
inferred by the presence of hepatitis B core antibody
(HBcAb), and immunity against hepatitis B was
inferred by the presence of hepatitis B antibody
(HBsAb).  Immunity by vaccination is achieved
whenever HBsAg is negative, HBsAb is positive
and HBcAb is negative.  All clinical tests were
based on the results of a single blood specimen.  A
chronic hepatitis B patient was defined as a) having
positive HBsAg and an alanine transaminase (ALT)
level twice the upper limit of the normal range value
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Table 1  - Prevalence of hepatitis B surface antigen (HBsAg), hepatitis B surface antibody (HBsAb), and hepatitis B core antibody (HBcAb) in
exposed and unexposed groups.  

Serologic
markers

HBsAg

HBsAb

HBcAb

*Children with seronegative HBsAg mother, †Children with seropositive HBsAg mother, RR - relative risk, CI - confidence interval

Fisher exact test was 0.001).  Hepatitis B e antibody
of these mothers also had a significant association
with HBsAg of their children (RR=0.007, Fisher
exact test: 0.001).

Discussion. The main finding of this study
was that hepatitis B vaccine is devoid of sufficient
efficacy in providing protection against hepatitis B
in high-risk children. Markers of HBV infection
were detected in approximately 30% of cases and
chronic carrier rate was measured at 14.4%;
however, in other studies the efficacy of HBV
vaccine in high-risk children was shown to be
higher than in the present study. In Sweden, 212
children whose mothers were carriers of hepatitis B
were followed up for 2-9 years after birth. A
combination of passive and active immunization
schedule (HBIg and HBV) was used in children of
HBeAg-positive mothers. Of 25 children of such

found between the mother’s diseases stage and the
children’s HBsAg status (x2=1.8, df=2, p=0.53).
There were no significant associations between
mother’s disease stage and children’s HbsAb status
(x2=0.06, df=2, p=1), or children’s HBcAb status
(x2=2.1,df=2, p=0.3).  The mean and SD of ALT in
mothers of children in the exposed group measured
22.8± 41 and AST 32.6± 28.8. Table 2 shows the
association between ALT and AST levels in
mothers of children in the exposed group and their
children’s virologic seromarkers.  Twenty-three
(36.5%) mothers’ of children in the exposed group
were HBeAg positive and 40 (63.5%) were HBeAg
negative; 41 (64.1%) of them were HBeAb positive
and 23 (35.9%) were HBeAb negative.  Within
HBeAg positive mothers HBsAg was found in
34.8% of children whereas this proportion was 2.5%
in children of HBeAg negative mothers; there was a
significant association between HBeAg status of
mothers and HBsAg status of children (RR=13.91,

  Unexposed* (N=87)

 Positive

 n

0

54

  1

(%)

(64.4)

  (1.2)

Negative

 n

87

31

86

(%)

(100)

      (35.6)

      (98.9)

Total
 n

87

87

87

(%)

   (100)

   (100)

    (100)

  Exposed† (N=97)

 Positive

 n

14

48

29

(%)

(14.3)

(49.5)

(29.9)

Negative

 n

83

49

68

(%)

(85.7)

(50.5)

(70.1)

Total
 n

97

97

97

(%)

   (100)

   (100)

    (100)

RR

13.48

  0.76

26.01

95% CI

1.8 - 100.02

0.59 - 0.99

3.61 - 186.95

Table 2  - Comparison between alanine transaminase (ALT) and aspartate transaminase (AST) levels in mothers of children in the exposed group
and their children’s virologic seromarkers.

Serologic markers

HBsAg
Positive
Negative

HBsAb
Positive
Negative

HBcAb
Positive
Negative

*based on Mann-Whitney U test

Median

25
20

20
21

21
20

Mean + SD

40.3 + 34.1
31.5 + 42.1

   29 + 23.5
36.9 + 54.1

32.1 + 27.1
33.1 + 46   

p value*

0.04

0.59

0.59

ALT
Median

24
25

24
25

24
25

Mean + SD

37.3 + 38.7
31.8 + 27.2

31.9 + 28.9
33.3 + 29   

31.2 + 27.7
33.1 + 29.5

p value*

0.53

0.76

0.71

AST
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the program had prevented both HBV infection
(74%) and HBV carriage (87%) in high-risk
children.19   The effect of HBV vaccine on
maternal-fetal transmission is also of great
significance. For instance, the possibility of
chronicity is higher if transmission occurs during
infancy;20,21 but it is strongly related to HBeAg and
HBeAb status of the mother. It has been shown that
chronicity will occur in the infants of 85-90% of
HBeAg positive and 32% of HBeAg negative
mothers.22 Our results demonstrated this relationship
in the exposed group. Recent data on Iranian
patients showed that over 60% of the HBsAg
positive population in Iran was HBeAg negative.23,24

This was confirmed by our results. If we calculate
the possibility of chronic infantile infection with
such a ratio of HBeAg positivity, the possibility of
chronicity in the exposed children will be more than
40%. Hence, neonatal vaccination stopped the
development of hepatitis B in almost 25% of the
children in the exposed group (a relative risk
reduction of approximately 60%). However,
vaccination stopped transmission in the high-risk
group partly, rather than completely. Recent data
from a national Iranian health survey yielded the
same finding by comparing vaccinated and
non-vaccinated children of chronic carriers;
although the difference was not significant.25

Interestingly, the immunity ratio in the vaccinated
group did not exceed 50% in exposed children, and
65% in the unexposed children. Whether negative
HBsAb in these vaccinated children translates into
lack of immunity, is a matter of discussion, and it
seems that in the low-risk general population, the
latency of serum HBsAb reduction does not
correlate with the non-immune state.26-30 This is
related to the role of memory immune cells after
initial exposure to the antigen.31 It should be
emphasized that the children studied in the latter
investigation were aged over one year, a time when
antibody levels may decline spontaneously.32

Studies on the Iranian population during childhood
and early teenage have also yielded similar negative
HBsAb ratios.33 

This study provides preliminary data in support of
the view that the protocol currently enforced in
countries such as Iran, prescribing hepatitis vaccine
alone for high-risk children, is inadequate.
Although no arguments can be made against the
continuation of routine neonatal vaccinations, the
urgency of enforcing routine maternal screenings
must be stressed.  It must be noted that existing data
only show the epidemiological aspect of the
problem. Thus, contriving a nationally accepted
plan requires further analysis with attention to the
efficacy of passive immunization, cost of
prevention, the use of prenatal maternal screening,
and costs of care for hepatitis B patients.  

mothers, one was HBsAg carrier and 5 had
asymptomatic seroconversion. None of 15 newborns
with negative HBeAg and HBeAb mothers, just
vaccinated against HBV were HBsAg carriers;
however, there was one case of asymptomatic
seroconversion. Immunization of children with
HBeAg-negative/HBeAb-positive mothers was
withheld between 1983 and 1987. Of 90 children,
only one was HBsAg carrier and 8 were
asymptomatic with seroconversion.16 In another
study performed in China, 171 infants of positive
HBeAg mothers were followed up until 5 years after
birth. The infants were divided into groups A, B and
C. Group A (53) and group B (57) received 4 doses
of hepatitis B vaccine (20 mg doses in group A and
10 mg doses in group B) at birth, and 1, 2, and 12
months after birth. Group C (61) received 3 of 20
mg doses of hepatitis B vaccine at birth, and 1 and 6
months after birth. Natural infections (persistence or
reappearance of hepatitis B core antibody) occurred
in only 12% and none of them became HBsAg
positive.17  Given the low rate of infection in the
unexposed group, maternal transmission is the most
probable route of childhood infection in the exposed
group; however, it may occur as horizontal
transmission. Moreover, the probability of
horizontal childhood transmission within the
community is clearly less than the one in the
unexposed group. While the source of previous
infection is a matter of question in the exposed
group, lack of any chronic infections and only one
case of previous infection in the unexposed group,
indicate the absence of horizontal transmission in
vaccinated children. We can assume that routine
neonatal vaccination has effectively stopped
transmission in the unexposed group. Since the
main route of transmission in this group (especially 
in the age group studied) is horizontal, efficacy of
the vaccine was evident. Previous investigations in
the Iranian population, which have compared the
efficacy of hepatitis B vaccine before and after the
implementation of Expanded Program of
Immunization (EPI) bear out our results. Another
study carried out in Iran showed a significant
reduction in the rate of HBsAg positivity in the
subgroup of children aged 2-14 years (1.3% versus
8%, p<0.05) after EPI.18  The comparison showed a
significant decrease in the prevalence of hepatitis B
in vaccinated neonates; this is similar to findings of
reports from other parts of the world.14  Kohn et al19

observed high-risk children 18-months after
complete vaccination in 1996. Of 426 cases studied,
269 (63%) had been completely vaccinated. One
hundred and ninety-four children (46%) had been
tested for hepatitis B surface antibody (anti-HBs)
and 163 (38%) had been tested for HBsAg.  Six
children tested (4%) were HBsAg-positive and 22
(11%) were anti-HBs negative. They suggested that



       
 1418     Saudi Med J 2004; Vol. 25 (10) www.smj.org.sa    

Efficacy of HBV vaccine in high-risk children … Adibi et al

16. Sangfelt P, Reichard O, Lidman K, von Sydow M, Forsgren
M. Prevention of hepatitis B by immunization of the
newborn infant-a long-term follow-up study in Stockholm,
Sweden. Scand J Infect Dis 1995; 27: 3-7.

17. Huang LM, Chang MH. Long-term efficacy of recombinant
hepatitis B vaccine and risk of natural infection in infants
born to mothers with hepatitis B e antigen. J Pediatr 1995;
126 (5 Pt 1): 716-721.

18. Zali MR, Noori Nayer B, Shahraz S, Sherafat R,
Mohammad K, Noorbala M et al.  Rate of HBsAG
positivity in Iran following hepatitis B mass vaccination.  J
Hepatol  2003; 38 (Suppl 2): 184. 

19. Kohn MA, Farley TA, Scott C. The need for more
aggressive follow-up of children born to hepatitis B surface
antigen-positive mothers: lessons from the Louisiana
Prenatal Hepatitis B Immunization Program. Pediatr Infect
Dis J 1996; 15: 535-540.

20. Xu ZY, Duan SC, Margolis HS, Purcell RH, Ou-Yang PY,
Coleman PJ et al. Long-term efficacy of active
post-exposure immunization of infants for prevention of
hepatitis B virus infection. J Infec Dis1995; 171: 54-60.

21. Steven CE, Beasley RP, Tsui J, Lee WC. Vertical
transmission of hepatitis B antigen in Taiwan. N Engl J
Med 1975; 292: 771-774.

22. Stevens CE, Tay PT, Tong MJ, Taylor PE, Vyas GN, Nair
PV et al. Prevention by passive-active immunization.
JAMA 1985; 253: 1740-1745.

23. Amini S, Mahmoodi MF, Andalibi S, Solati AA,
Seroepidemiology of hepatitis B, Delta and human
immunodeficiency virus infections in Hamadan Province,
Iran: a population based study. J Trop Med Hyg 1993; 96:
277-287.

24. Rezvan H. Prevalence of e-antigen and antibody among
healthy blood donor carrying hepatitis B surface antigen. Ir
J Med Sci 1986; 13: 44-46.

25. Adibi P, Zamani G, Mohammad K , Zali MR.
Parents-children transmission of hepatitis B in Iran. J
Hepatol 2003; 38 (Suppl 2): 122. 

26. Ding L, Zhang M, Wang Y, Zhou S, Kong W, Smego RA
Jr. A 9-year follow-up study of the immunogenicity and
long-term efficacy of plasma-derived hepatitis B vaccine in
high-risk Chinese neonates. Clin Infect Dis 1993; 17:
475-479.

27. Lo KJ, Lee SD, Tsai YT, Wu TC, Chan CY, Chen GH et al.
Long-term immunogenicity and efficacy of hepatitis B
vaccine in infants born to HBeAg-positive HBsAg-carrier
mothers. Hepatology 1988; 8: 1647-1650.

28. Stevens CE, Toy PT, Taylor PE, Lee T, Yip HY. Prospects
for control of hepatitis B virus infection: implications of
childhood vaccination and long-term protection. Pediatrics
1992; 90: 170-173.

29. Delage G, Rémy-Prince S, Montplaisir S. Combined
active-passive immunization against the hepatitis B virus:
five-year follow-up of children born to hepatitis B surface
antigen positive mothers. Pediatr Infect Dis J 1993; 12:
126-130.

30. Wainwright RB, McMahon BJ, Bulkow LR, Hall DB,
Fitzgerald MA, Harpster AP et al. Duration of
immunogenicity and efficacy of hepatitis B vaccine in a
Yupik Eskimo population. JAMA 1989; 261: 2362-2366.

31. Nair S, Perrillo RP. Hepatitis B and D. In: Zakim D, Boyer
TD. Hepatology A Textbook of Liver Disease. 4th ed.
Philadelphia (PA): Pennsylvania (PA): Saunders; 2003. p.
992.

32. Wu JS, Hwang LY, Goodman KJ, Beasley RP.  HHepatitis
B vaccination in high-risk infants: 10-year follow-up.  J
Infect Dis 1999; 179: 1319-1325.

33. Roshan MR, Pasha YZ. Efficacy of HBIG and Vaccination
in Infants of HBsAg Positive Carrier Mothers. Archives of
Iranian Medicine 2002; 5: 21-23.

Acknowledgment. We would like to thank the medical
staff of Taleghani Hospital, Tehran Hepatitis Center, and
Hamadan Hepatitis Center, Iran for their cooperation. We also
gratefully acknowledge the help of Dr. M. Hedayati, Chief,
Endocrinology Laboratory, Ms. Khorsand and Ms. Poursaadat
for laboratory and technical assistance and blood specimen
collection.  We would like also to thank Ms. Shami, Secretary,
Tehran Hepatitis Center. This project was supported by the
Research Center for Gastroenterology and Liver Diseases,
Shahid Beheshti University of Medical Science Tehran, Iran.

 References
  1. Maynard JE. Hepatitis B: global importance and need for

control. Vaccine 1990; 8 (Suppl): 18-20. 
  2. Farzadegan H, Shamszad M, Noori-Arya K. Epidemiology

of viral hepatitis among Iranian population a viral marker
study. Ann Acad Med Singapore 1980; 9: 144-148.

  3. Malekzadeh R, Khatibian M, Rezvan H. Viral hepatitis in
the world and Iran. J Irn Med Council 1997; 15: 183-200. 

  4. Ding L, Zhang M, Wang Y, Zhou S, Kong W, Smego RA
Jr. A 9-year follow up study of the immunogenicity and
long term efficacy of plasma derived hepatitis B vaccine in
high risk Chinese neonates. Clin Infect Dis 1993; 17:
475-479.

  5. Xu ZY, Duan SC, Margolis HS, Purcell RH, Ou-Yang PY,
Coleman PJ, et al. Long term efficacy of active
postexposure immunogenicity of infants for prevention of
hepatitis B virus infection. J Infec Dis 1995; 171: 54-60.

  6. Lo KJ, Lee SD, Tsai YT. Combined passive and active
immunization for interruption of prenatal transmission of
hepatitis B virus in Taiwan. Hepatogastroenterology 1985;
8: 1647-1650. 

  7. Ahn YO. Strategy for vaccination against hepatitis B in
areas with high endemicity: focus on Korea. Gut 1996; 38
(Suppl 2): S63-S66.

  8. Stevens CE, Toy PT, Tong MJ, Taylor PE, Vyas GN, Nair
PV, et al. Prenatal hepatitis B virus transmission in the
United States. Prevention by passive-active immunization.
JAMA 1985; 253: 1740.

  9. Tong MJ. Hepatitis B vaccination of neonates and children.
Am  J Med 1989; 87: 33S-35S.

10. Tsebe KV, Burnett RJ, Hlungwani NP, Sibara MM, Venter
PA, Mphahlele MJ. The first five years of universal
hepatitis B vaccination in South Africa: evidence for
elimination of HBsAg carriage in under 5-year-olds.
Vaccine 2001; 19: 3919-3926.

11. Lolekha S, Warachet B, Hirunyachke G. Protective efficacy
of hepatitis B vaccine without HBIG in infants of HBeAg
positive carrier mothers in Thailand. Vaccine 2002; 20:
3739-3743.

12. 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: 3278-3281.

13. Beasley RP, Hwang LY, Lee GC, Lan CC, Roan CH,
Huang FY,  et al. Prevention of prenatally transmitted
hepatitis B virus infections with immune globulin and
hepatitis B vaccine. Lancet 1983; 2: 1099.

14. Wong VC, Ip HM, Reesink HW, Lelie PN,
Reerink-Brongers EE, Yeung CY, 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 hepatitis B immunoglobulin.
Double-blind randomized placebo-controlled study. Lancet
1984; 1: 921.

15. Vaccination and Immunity Guideline. 5th ed. The Office of
Deputy Ministry of Health. Ministry of Health and Medical
Education. Tehran (Iran): Seda Publishing; 1998.


