
babies who were born to HBsAg positive mothers. The 
GMT values of anti-HBs were 226.7, 193.9 and 173.6 
mIU/mL respectively in GeneVac-B®, Engerix B® and 
Shanvac B® groups one year after the completion of 
the three doses of vaccine. No systemic reactions were 
reported in infants during the entire vaccination process 
of GeneVac-B® and the other two vaccines. Clinical safety 
parameters remained within the normal limits throughout 
the study period. 

CONCLUSION: The study concludes that there is no 
significant difference between the three recombinant 
hepatitis B vaccines. Administration of these vaccines 
within 24 h of birth to babies, born to HBsAg positive 
mothers will reduce the incidence of HBV infection.   

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis B is a global communicable disease with an 
estimated 400 million chronically infected patients[1,2]. 
Mother to child transmission occurs often, either in-utero 
or through exposure to blood or blood contaminated 
fluids at or around the time of  birth. Such perinatal 
transmission is believed to account for 35% to 50% of  
hepatitis B carriers[3]. The risk of  perinatal transmission is 
associated with the hepatitis B envelope antigen (HBeAg) 
status of  the mother. The chance of  a child becoming 
chronically infected with hepatitis B virus, when a mother 
is positive for both hepatitis B surface antigen (HBsAg) 
and envelope antigen is around 70%-90%[4,5]. However, if  
a mother is positive for the surface antigen but negative for 
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Abstract
AIM: To evaluate a low cost Indian recombinant 
hepatitis B vaccine GeneVac-B® for its immunogenicity 
and safety in comparison to Engerix B® and Shanvac B®  
vaccine in high risk newborn infants born to hepatitis B 
surface antigen (HBsAg) positive mothers. 

METHODS: A total of 158 infants were enrolled in the 
study. Fifty eight infants were enrolled in the GeneVac-B®  
group while 50 each were included for Engerix B® and 
Shanvac B® groups. A three-dose regimen of vaccination; 
at birth (within 24 h of birth), 1st mo and 6 mo. were 
adopted with 10 µg dosage administered uniformly in all 
the three groups. Clinical and immunological parameters 
were assessed for safety and immunogenicity of the 
vaccines, in all the enrolled infants. 

RESULTS: Successful follow up until seven months 
of age was achieved in 83% (48/58) for GeneVac-B®,  
76% (38/50) and 64% (32/50) for Engerix B® and 
Shanvac B® groups respectively. 100% seroconversion 
and seroprotection was achieved in all the three groups 
of infants. The geometric mean titers of anti-HBs one 
month after the completion of three dose of vaccination 
were 90.5, 80.9 and 72.5 mIU/mL in GeneVac-B®, 
Engerix B® and Shanvac B® vaccine group respectively. 
Furthermore the level of anti-HBs increases with age of 
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the envelop antigen, the risk of  transmission is significantly 
lower[6-9].  

Screening for HBV among pregnant women is not 
routine in India, as hepatitis B immunoglobulin (HBIG) 
is not affordable and hence prevention of  hepatitis B 
carriage from perinatal transmission must rely on vaccine 
alone. Universal neonatal vaccination is effective and 
has been shown to favorably alter the clinical course 
of  hepatitis B in regions where disease is endemic[10]. 

Repeated injections over months are required to mount 
an effective antibody response with vaccination. Hepatitis 
B immunoglobulin has high levels of  antibody to hepatitis 
B surface antigen. The immunoglobulin is immediately 
effective and seems protective for several months, after 
which it wanes[11,12]. Prevention of  HBV transmission from 
HBsAg positive mothers to the children born to them is 
effectively achieved by administrating hepatitis B vaccine 
to their babies starting with the first dose at birth.

A recombinant hepatitis B vaccine, GeneVac-B®, a 
low cost hepatitis B vaccine[13] is manufactured by the 
Serum Institute of  India Ltd., Pune, India. This vaccine 
is registered in India, and several hundred thousand doses 
are in use in India and abroad. The immunogenicity and 
safety of  GeneVac-B® was proved in healthy adults [14], 
adolescents[15-17] and infants[18,19]. The aim of  the present 
study was to asses and compare the immuogenicity, safety 
and efficacy of  GeneVac-B® (Group-1), with two different 
commercially available vaccines, Engerix B® (Group-Ⅱ) 
Smithkline Beecham biologicals, Belgium and an Indian 
vaccine, Shanvac B® (Group-Ⅲ) Shantha Biotechniques 
Ltd, Hyderabad, India, in infants who were born to 
hepatitis B surface antigen (HBsAg) positive mothers, with 
3 doses of  vaccines at birth (within 24 h of  birth), 1 mo 
and 6 mo of  age, without passive prophylaxis at birth. 

MATERIALS AND METHODS
Ethical review 
The protocol of  th is s tudy was approved by the 
Institutional review committee of  Dr. ALM Post graduate 
Institute for basic Medical Sciences, University of  Madras 
and the study design was prepared and monitored by 
National institute of  Epidemiology, Indian Council of  
Medical Research, Chennai. Mothers were informed about 
the study and prognosis of  the hepatitis B viral infection 
and benefits of  vaccination to their babies. The written 
informed consent was obtained from all mothers prior to 
their registration in the study.

Vaccines  
GeneVac-B vaccine consists of  the purified surface 
antigen (Ag) of  HBV obtained from the genetically 
engineered Hansenula polymorpha yeast cells expressing the 
surface antigen gene of  the virus. It does not contain any 
material of  human or animal origin. Each pediatric dose 
of  0.5 mL contains 10 µg of  surface Antigen adsorbed 
on ≤ 0.40 mg of  aluminum hydroxide, with ≤ 0.025 mg 
thimerosal added as a preservative. While Engerix-B used 
Saccharomyces cerevisiae as a host system, Shanvac B utilized 
Pichia pestoris as the expression system, the absorbent and 
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the preservative being the same for all the three vaccines. 
The vaccines were stored at 4℃. Use and storage of  the 
vaccine were under the supervision of  responsible medical 
and research staff  participating in the study.

Design of the study among infants born to HBsAg positive 
mothers 
A total of  3000 healthy asymptomatic pregnant women 
attending the following hospitals in and around Chennai 
were studied: Institute of  Obstetrics and Gynecology, 
Egmore, Chennai-600008; Kasthuribai Gandhi Hosptial, 
Triplicane, Chennai-600005; Department of  Obstetrics 
and Gynecology, Rajamuthial Medical College and 
Hospital, Chidambaram. Among the 3000 pregnant 
women 5.9% (178/3000) was positive for HBsAg. All the 
enrolled mothers and their infants were subjected for the 
screening of  HBsAg, anti-HBs, anti-HB core antigen. 
Mothers positive for HBsAg were also tested for the 
HBeAg. Babies born to these HBsAg positive women 
with acute febrile illness; any other infection; conditions 
associated with immunosuppression due to disease or 
therapy; seropositive for HBsAg; HBeAg and/or anti-HBs 
antibody; and participation in another clinical trial were 
excluded from the study. Thus, out of  the 178 mothers 
and baby pairs, only 158 were included in the study.  

One hundred and fifty eight infants were randomly 
recruited into 3 groups, 58 infants were administered 
with the recombinant hepatitis B vaccine, GeneVac-B®  
(groupⅠ) and 50 infants each with the commercially 
available recombinant vaccines Engerix B® (group Ⅱ) 
and Shanvac B vaccine (group Ⅲ). All the infants were 
administered with 10 µg of  hepatitis B surface antigen 
per 0.5 mL of  dose. The vaccines were administered 
intramuscularly on the lateral aspect of  the thigh within 
24 h of  birth, at birth as first dose, second dose at one 
month after birth and the third dose at 6 mo after birth. The 
follow-up visits were scheduled according to the vaccine 
administration and also at 3 mo intervals until the infants 
were 12 mo old. Strict adherence to the follow-up schedule 
was maintained; detailed information was collected using the 
structured proforma at every follow up. All the mother- baby 
pairs were asked to return within 3 d of  the target date and 
those who did not were visited at their homes by the field 
visit official consisting of  medical and research staff. The 
infants were bled using a scalp vein bleeding needle from the 
cubital vein at 0 mo (if  they were more than 2 kg), 1, 2, 7, 9 
and 12 mo. 3 mL of  blood samples were collected from all 
infants prior to vaccination. The serum was separated and 
stored at -70℃ until tested. 

Methodology 
Detailed information was collected using the structured 
proforma at the period of  antenatal check-up, at the time 
of  delivery and on follow-up of  mother and child. At 
each well-child visit, blood samples were collected from 
infants and information was obtained on illnesses, and 
physical examination findings. All the mother and child 
pairs were tested for HBsAg, anti-HBs, anti-HBC by using 
commercially available (BIORAD) elisa kits respectively. 
They were assayed for quantitative levels of  anti-HBs 



using Monolisa anti-HBs (BIORAD) 3.0 commercial kits. 
The anti-HBs standards were supplied by M/s. Sanofi 
Pasteur were used to develop the calibrated linear graph 
by the software installed in the ELISA Reader-Biotech 
Model ELx 800. The titer of  anti-HBs was expressed 
as milli international units per milliliter (mIU/mL). 
Seroconversion and seroprotection rates were defined 
as anti HBs titer of  < 10 mIU/mL and ≥ 10 mIU/mL 
respectively. Seroconversion and seroprotection rates after 
administration of  the three vaccine doses were calculated. 
The anti-HBs concentrations were log transformed, and 
the antilog of  the mean log values was calculated for 
the geometric mean titers (GMTs). Potential differences 
between the vaccines were statistically analyzed by Tukey’s 
multiple comparison tests.  

For reactogenicity assessment, subjects were physically 
examined during all their visits for vaccination. Parents 
were asked to report any adverse event assumed to be 
causally associated with vaccination until the total follow-
up period of  7 mo ended. In these special circumstances, 
the child was examined thoroughly and the details were 
recorded. Infant’s body temperature was recorded by 
measuring the oral temperature using a standard mercury 
thermometer. Fever was considered as mild when the 
temperature ranges 37.0℃ to 38.0℃ and moderate when it 
exceeds 39.0℃.   

RESULTS
A total of  3000 pregnant women visiting the above 
hospitals were screened for HBsAg. Among the 3000 
pregnant women only 178 (5.9%) were positive for 
HBsAg. Out of  178 HBsAg positive pregnant women, 
158 mothers and infants pairs were enrolled in the study 
after fulfilling the study criteria, while the remaining 
HBsAg positive mothers were excluded from the study 
due to the various personal reasons. In addition among 
the 158 HBsAg positive mothers 28 (17.7%) were positive 
for HBeAg. No infants were positive for HBsAg, anti-
HBs or anti HBC IgM during prevaccination visit and 
all the babies received the respective vaccines. After the 
three doses of  vaccination, we could follow-up only 118 
infants, while the remaining 40 (25.3%) infants were lost in 
follow up due to various reasons. Of  the 118 successfully 
followed up infants, 48 babies were administered with 
GeneVac-B®, 38 with Engerix B® and 32 with Shanvac B®  

vaccines. It could be seen that the seroconversion and 
seroprotection on completion of  the vaccination schedule 
of  0, 1 and 6 mo were 100% in all the three groups of  
infants. After seven months, the GMT values of  anti-HBs 
titers were 90.3 mIU/mL with GeneVac-B®, 77.5 mIU/
mL with Engerix-B® and 61.9 mIU/mL with Shanvac-B®.  
Notably the difference in anti-HBs level of  GeneVac-B® 
was not statistically significant (P > 0.05) when compared 
with either Engerix B or Shanvac B groups. Thus the study 
validates that all the three studied recombinant hepatitis 
B vaccines had elicited protective levels of  specific 
immunogenicity in the vaccinated infants. 

The adverse effects of  the three vaccine groups in 
our study population are given in Table 1. The most 

common systemic reaction effects in the infants were mild 
to moderate fever; excessive crying, rash, and irritability. 
However all the effects reported were transient and 
resolved without any further sequelae. None of  the infants 
were hospitalized due to vaccine-associated adverse effects. 
Post vaccination safety profile was similar for the three test 
groups under study.  

Level of anti-HBs titer increases with age in vaccinated 
babies born to HBsAg positive mothers
Totally, 118 infants were followed up after full course of  
vaccination and among them only 68 were followed up to 
12 mo. Among the 68 babies, 35 were administered with 
GeneVac-B®, 21 with Engerix B® and 12 with Shanvac B®  
vaccine. After the completion of  12 mo post vaccination 
at 0, 1 and 6 mo schedule, 100% of  seroconversion and 
seroprotection were observed in all the three groups of  
vaccinees. The GMT values of  anti-HBs titers were 226.7 
mIU/mL with GeneVac-B®, 197.9 mIU/mL with Engerix 
B® and 173.6 mIU/mL with Shanvac B® vaccinees. No 
differences were found in the anti-HBs levels (P > 0.05) 
between Engerix B®, Shanvac B® and GeneVac-B®.  
Children who were followed up till 12th mo had high 
antibody response when compared to anti-HBs response 
on 7th mo follow up (Table 2).

Table 1  Adverse effects reported by infant vaccinees in 
GeneVac-B, Engerix B and Shanvac B groups  n  (%)

Symptoms GeneVac-B (48) Engerix B (38) Shanvac B (32)

Mild fever    4 (8.3) 3 (7.8) 3 (9.3)
Moderate fever    3 (6.2) 2 (5.2) 2 (6.2)
Excessive crying 1 (2) 1 (2.6) 1 (3.1)
Irritability    2 (4.1) 1 (2.6) 1 (3.1)
Local swelling    2 (4.1) 3 (6.8) 2 (6.2)
Local erythema    2 (4.1) 2 (5.2) 2 (6.2)
Induration 1 (2) 1 (2.6) 1 (3.1)
Rash 1 (2) nil 1 (3.1)

Table 2  Immunogenicity data of GeneVac-B, Engerix B and 
Shanvac B in babies born to HBsAg positive mothers

Parameters     1st dose     2nd dose 3rd dose After one year

                                          Group-Ⅰ- GeneVac-B
No. of infants 58 48 48 35
Seroconversion         57.10%         94.20%   100%   100%
Seroprotection         22.80%         82.80%   100%   100%
GMT (mIu/mL)   11.6   35.4    93.5   226.7

                                          Group-Ⅱ- Engerix B 
No. of infants 50 43 38 21
Seroconversion         57.10%         90.00%   100%   100%
Seroprotection         19.00%         71.40%   100%   100%
GMT (mIu/mL) 8.4   24.4    80.9   197.9

                                          Group-Ⅲ Shanvac B
No. of infants 50 45 32 12
Seroconversion     50%         91.60%   100%   100%
Seroprotection         16.60%         66.60%   100%   100%
GMT (mIu/mL) 8   18.6       72.55   173.6
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Protective efficacy of the vaccines administered in infants 
During the 9th mo follow up, tests for HBsAg, anti-HBs 
and anti-HBc were performed in all the babies. Infants in 
all the three groups had 100% of  seroprotection (data not 
shown). Although all the mothers were HBsAg carriers, 
none of  their children were HBsAg positive. However 
7 infants, 3 from GeneVac-B® group and 2 each from 
Engerix B® and Shanvac B® group were positive for anti-
HBc IgM. This test became negative in 4 of  7 who were 
followed for 12 mo, thus 1 in each vaccine group were 
positive for anti-HBc, however the percentages of  infants 
with Protective anti-HBs concentrations did not decrease 
in any of  the vaccine groups.    

DISCUSSION
Hepatitis B virus vaccines provide highly effective 
protection against acute and chronic hepatitis B infection 
and the chronic carrier’s status[20,21]. Immunization with 
hepatitis B vaccine for infants, children, adolescents and 
high-risk adults has been recommended by WHO and 
other international organizations[22,23]. Previous studies have 
shown that the risk of  chronic HBV infection is higher in 
a younger age group and thus it is inversely correlated with 
age [24]. In South East Asia, chronic hepatitis B is often 
caused by maternal-infant transmission during the perinatal 
period[4] and this fact is reinstated in studies conducted 
in Egypt[25], Saudi Arabia[26] and Sub-Saharan Africa[27]. In 
endemic countries, effectiveness of  universal vaccination 
has already been proven to reduce hepatitis B carriage 
leading to a decline of  Hepatocellular Carcinoma in 
children[28]. Evidence is mounting to support the universal 
infant vaccination to control HBV-related diseases and is 
the best means of  controlling disease in countries with 
intermediate or high levels of  HBV endemicity.   

In the present study, the prevalence of  HBsAg among 
the pregnant women enrolled in the study was 5.9% which 
confirms that the HBV infection is endemic in Indian 
population. Prevalence of  HBeAg positive mothers in 
our study was 17.7%, however the reported HBeAg 
positive rates among HBsAg-positive pregnant women 
in India varies between 8% and 47%; most studies show 
positive rates towards the lower end of  this range[29-31]. 
Without prophylaxis, a very large proportion of  infants 
born to HBV positive carrier mothers may become 
carriers of  HBV[30,31]. Infection in this high risk setting is 
prevented most effectively by prenatal screening to identify 
carrier mothers[32,33], with administration of  hepatitis B 
immunoglobulin at birth along with a course of  vaccines 
to achieve both immediate and long lasting immunity to 
HBV. Many countries such as India lack the resources to 
implement such programs and must depend on vaccine 
alone to prevent the development of  chronic HBV 
carriage in these babies. It is important that regimen of  
vaccination chosen for the use in a nationwide program 
should be highly immunogenic and cost effective. Previous 
studies about infants in several countries revealed that 
there were wide variations in the immunogenicity between 
different hepatitis B vaccines. Furthermore, the response 
of  new born infants to vaccine varies and hence, it is 

important to evaluate the efficacy and immunogenicity of  
different vaccines that can widely be adopted for infants in 
India. 

In this study, we found no significant difference 
in the immunogenicity between the three groups of  
recombinant vaccines after the third dose of  vaccination. 
Most infants who received recombinant vaccines acquired 
the antibody levels to hepatitis surface antigen above 10 
mIU/mL. Comparison of  the geometric mean titers of  
anti-HBs levels achieved by the three vaccinees reveals 
that GeneVac-B® has achieved slightly higher anti-HBs 
titers compared to the other two vaccines. In addition 
this finding is similar to the results obtained in HBV 
vaccine along with DPT in babies born to HBsAg negative 
mothers in India with GeneVac-B® and Engerix B®[18]. 
Moreover in this study 97.5% of  the vaccinated babies 
born to HBsAg positive mothers who were immunized 
with the three groups of  vaccines at birth controlled the 
infection up to one year which is not often seen in babies 
born to HBsAg positive mothers. Our results indicate 
that administration of  hepatitis B vaccines with in 24 h 
of  birth prevents the occurrence of  hepatitis B virus in 
the newborn infants who were born to HBsAg positive 
mothers. However, long-term follow up is needed to know 
the preventive efficacy of  these vaccines.  

This is the first study in India to test the effectiveness 
of  the three different commercially available recombinant 
hepatitis B vaccines in babies born to HBsAg positive 
mothers without HBIG administration. Several studies 
report that the plasma and recombinant hepatitis B 
vaccines alone without HBIG can be quite effective in 
preventing chronic HBV infection among high risk infants 
of  HBeAg-positive carrier mothers, with efficacy estimates 
ranging from 65%-95%. Here in our study, though 17.7% 
of  the mothers were HBeAg positive, we have not seen 
any case of  infection in the infants during our follow up 
period of  12 mo. This result clearly indicates that the 
vaccines administered immediately (24 h) after the births in 
babies born to HBsAg positive mothers are highly effective 
in high risk infants even without the coadministration of  
HBIG.  

The safety and tolerability of  hepatitis B vaccines under 
study has been extensively studied by several investigators 
including studies conducted in adults on GeneVac-B®,  
Engerix B® and Shanvac B® in our laboratory[14]. In 
summary, mild adverse effects as mentioned below seem 
to occur: (1) temperature greater than 37.7℃ in 1%-6%; 
(2) erythema in 3%; (3) swelling in 3%; and (4) rash in 
3%, the observations made in the present study show 
slightly higher mild fever in 9.3%-7.8% of  the infants 
and moderate fever was reported in 2%-3%. However, in 
the present study no other generalized symptoms were 
observed. The study has clearly shown that, all the three 
vaccines were well tolerated without significant difference 
in vaccine associated adverse effects.   

In an effort to further reduce the cost involved in HBV 
vaccination which facilitate universal immunization against 
hepatitis B in all countries, studies are being conducted 
to find out whether a two dose schedule can replace 
the existing recommendation of  three dose hepatitis B 
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vaccination regimens. These studies have also looked at 
the logistics of  vaccine delivery given at varying intervals 
of  time[34-36]. All these studies have shown that the two 
dose regimen of  recombinant hepatitis B vaccine is 
highly immunogenic and induces effective immunological 
memory like the three dose regimen. If  a similar study 
is also conducted in countries like India, the results may 
facilitate the policy planners to adopt the programme 
of  universal hepatitis B immunization expediously with 
significant reduction in vaccine cost and the vaccine 
compliance rate also increase to the desired level. However, 
out of  three vaccines compared in the present study, 
GeneVac-B® is less expensive hepatitis B vaccine available 
in the Indian market[13,19] which can be widely considered 
in India to prevent hepatitis B infection. 
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COMMENTS 
Background
Hepatitis B (HB) is a serious public health problem throughout the world and is 
responsible for more than 600 000 deaths every year. In high-incidence areas, 
perinatal transmission of hepatitis B virus (HBV) from carrier mothers to newborns 
appears to be the most important factor for the high prevalence of HBV infection. 
Around 70% to 90% of infants become chronically infected with HBV when a 
mother is positive for both HBsAg and HBeAg. It may be beneficial to administer 
vaccines to these babies at birth to prevent HBV incidence.   

Research frontiers
The current recommendation for hepatitis B prophylaxis in babies born to HBsAg 
positive mothers is to co-administer vaccine and hepatitis B immunoglobulin 
(HBIG). Several studies have assessed the immunogenicity of vaccines along 
with HBIG in babies of known HBsAg positive mothers. However, screening for 
HBV among pregnant women is not a routine in India and HBIG is not affordable 
to most of the people. Universal neonatal vaccination is effective and has been 
shown to favorably alter the clinical course of HB in regions where the disease is 
endemic. To better understand the response of the vaccine alone in babies born 
to HBsAg positive mothers, we studied the immunogenicity and safety of three 
different vaccines without the co-administration of HBIG in this population.  

Innovations and breakthroughs
Several studies have assessed the immunogenicity of hepatitis B vaccines 
along with the administration of HBIG in babies born to known HBsAg positive 
mothers. On the other hand, there is not much data on the immunogenicity of 
vaccine alone in this population. However, because of the two above-mentioned 
constraints, which limit the use of HBIG, we thought that it is valuable to assess 
the immunogenicity of the recombinant vaccine alone in these babies. 
 
Applications 
The results of this study demonstrate that, in the absence of the HBIG, babies born 
to HBsAg positive mothers can be administered the available hepatitis B vaccines 
and they mount a high immune response. This may prevent the occurrence of the 
HBV infection to a certain level. However, long term follow-up studies are needed 
for determining the clinical efficacy of the vaccines alone in this population.    

Terminology
Tukey’s multiple comparison tests: It is one of the several tests that can be used to 
determine which means amongst a set of means differ from the test. 

Peer review
The authors compared three hepatitis B vaccines in terms of efficacy and safety. 
They demonstrated GeneVac-B as effective as and more cost-effective than other 
two vaccines. This is an important and useful finding.
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