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Abstract 

 

Background: Hepatitis B (HB) infections are a global public health concern, which carry 

high morbidity and mortality. Immunization is the safe and effective intervention to prevent 

transmission. Currently, the Hepatitis B vaccine is given to children at two, four and six 

months of age in Sri Lanka. However, the capability of this regimen in providing long term 

protection up to adolescence and beyond remains a concern. The current study was conducted 

to assess the HB immune status of children, ten years after vaccination during infancy.  

 

Methods: Antibody status of 150 children who received HB vaccine at two, four and six 

months of age was assessed 10 years after the last dose of vaccination. Some of these 

children had received liquid monovalent HB vaccine, while others were vaccinated with the 

Hexavalent vaccine. Children with HB antibody levels below the protective level were given 

a booster dose of monovalent recombinant HB vaccine, and antibody levels were reassessed 

in one month.  

 

Results: At the initial assessment, 128 children (85%) had protective levels of antibodies. 

Type of vaccine and gender had no significant effect on the prevalence of HB antibody levels 

(p>0.05). All children who received the booster dose developed protective levels of 

antibodies. 

 

Conclusions: Most of the children immunized against HB during infancy maintain protective 

antibody levels at 10 years of age. Children with antibody levels below protective levels 

produced a rapid anamnestic response following a booster dose. 
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Hepatitis B (HB) infections are a global public health concern. Of the world population, 

around 248 million individuals (3.6%) are positive for hepatitis B surface antigen.1  

Approximately 686,000 died worldwide from complications related to acute or chronic HB 

infections in 2013.2 Thus, inducing immunity against HB through immunization is a vital 

public health intervention. 

 

Hepatitis B is hyper-endemic in Western Pacific and South East Asian regions, with carrier 

rates ranging from 5-35%.3 In developed countries like North America, Australia and New 

Zealand, it is less than 1%.4 Although located in a hyper-endemic region, Sri Lanka remains a 

low endemic country for Hepatitis B, with an estimated prevalence of less than 2%.5 

 

Transmission of HB virus (HBV) mainly occurs through direct contact with blood or body 

fluids of an infected person, unprotected sexual contacts and vertical transmission from 

mother to child. Since HBV is capable of remaining infective outside the body for at least 

seven days, horizontal transmission through close interpersonal contact is possible.6,7 In low 

prevalent countries, HBV transmission is mainly during young adulthood through 

unprotected sexual activities. 

  

Immunization remains the most effective method of preventing HBV transmission. In 1992, 

the World Health Organization recommended all countries to incorporate HB vaccination 

into their national childhood immunization programs. The present global hepatitis B vaccine 

coverage for 3 doses is estimated at 82%.8 The majority of  Sri Lankan children are 

vaccinated at government immunization clinics, while a relatively small percentage are 

vaccinated in the private sector. In Sri Lanka, vaccination against HB was initiated in 2003 as 

a liquid monovalent vaccine, the vaccine was administered at two, four and six months of 

age, and no further booster doses were administered.9  Since 2008, HB vaccine is 

administered along with four other vaccines as the pentavalent vaccine.10 Children receiving 

vaccination from the private sector receive the HB vaccine as a component of the hexavalent 

vaccines.   

 

For this vaccination strategy to be effective, immunity produced by the vaccination during 

infancy should last until adolescence and beyond. Even after many years of HB vaccination, 

there is still debate over the duration of long term protection. Requirement of a booster dose 

for long term protection is also debated.11 The minimal protective titre of HB antibodies is 

considered as 10 IU/L, which is reliably measured with ELISA techniques.12 

 

Long-term follow up studies are required to identify the protection provided by the HB 

vaccine. The incidence of HB infection among immunized cohorts and anamnestic response 

on exposure to HBs Ag can be used as evidence of protection.11 Several studies have shown a 

primary course of hepatitis B vaccination would provide protection against HB for more than 

20 years, even with antibody levels that have fallen below protective levels.13-18 However, 

there are no studies conducted in Sri Lanka which have specifically assessed long term 

protection following HB immunization with recombinant HB vaccine given at two, four and 

six months. The current study was conducted to fill this gap in knowledge. We studied the 

immune status of children  10 years after vaccination with the recombinant HB vaccine, 

administered either as the liquid monovalent vaccine or as the hexavalent vaccine during 

infancy. 
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Methods 

 

The study was conducted at North Colombo Teaching hospital, Hemas hospital Wattala, 

Leesons hospital, Ragama and Faculty of Medicine, University of Kelaniya. As blood 

samples were required to check antibody levels, children brought for treatment at the above 

hospitals and in need of  venesection were considered for recruitment.  We therefore 

prevented any child being subjected to pain solely for the study purpose. Children with any 

chronic disorders that would interfere with the immune response to vaccination were 

excluded.  

 

Children with documentary evidence of receiving three doses of HB vaccine at two, four and 

six months, with the last dose given 10 years ago were considered for the study. None of the 

children had past or present evidence of liver disease or any significant exposure putting them 

at risk of acquiring hepatitis B infection.  The objectives and conduct of the study were 

explained to both the guardian and the child. Written consent from the mother and assent 

from the child were obtained before recruitment. Approximately 1 ml of blood was collected 

in a plain bottle in addition to the blood collected for the patient’s routine investigations. 

Serum was separated immediately and stored at -20 ℃. 

 

According to Pierre et.al. sero-conversion rate following HB vaccination is around 90%.11 

Accordingly, a sample size of 150 was considered appropriate for the study using the 

EpiTools sample size calculator19, leaving an allowance for dropouts. Antibodies to the HB 

surface antigen (HBS-Ag) were quantitatively assessed using Monolisa® Anti-HBs PLUS 

ELISA kit (Bio-Rad-France), under direct supervision of trained and well experienced 

personnel. The manufacturer’s instructions were followed, and all samples done in a single 

run. 

 

Parents were informed about the immune status of their children. A booster dose of HB 

vaccine (Negeri B [GSK biological s.a.Rixesart-Belgium]) was offered free of charge to 

children with HB antibody titres less than 10 mIU/L. All these children presented for the 

booster dose. The antibody titres were retested one month following the booster dose, 

employing the same procedure. 

 

Statistical analysis  

Geometric Mean Titre (GMT) for HB antibody levels in children were calculated and the 

Chi-square test of independence was used to investigate the association of gender and type of 

the vaccine (monovalent or hexavalent) on the protective levels of HB antibodies in children. 

In addition, independent sample t-test was used to assess the significance between the mean 

antibody levels of children vaccinated with hexavalent and monovalent vaccines 10 years 

after vaccination. IMB SPSS version 23 for windows 10 (IBM SPSS version 23 for windows 

10), was used for the data analysis. 

 

Ethical approval to conduct the study was obtained from Ethics Review Committee of the 

Faculty of Medicine, University of Kelaniya. Permission was obtained from respective 

hospital authorities. Participation in the study was voluntary. Written consent from the 

guardians were obtained along with the assent from the child. Parent or child had the right to 

withdraw from the study at any stage without facing any consequences. Confidentiality of the 

acquired data was maintained throughout the study. Serum samples remaining after antibody 

assay were discarded. 
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Results  

 

Out of 150 children recruited to the study, 68 were males (45.3%), and 82 (54.6%) were 

females. Monovalent HB vaccine had been received by 95 (63.3%) children, while 55 

(36.7%) had received hexavalent vaccine. None of the recruited children had any significant 

exposure of acquiring HB infection. None had clinical evidence, past history or family 

history of  

hepatitis. 

 

 

 

 

 

 

 

 

 

 

 

 

Distribution of the antibody concentrations among the studied children, quantified based on 

the positive control series provided by the manufacturer is shown in Table 1, along with the 

Geometric Mean Titers. Based on this assay, 128 (85%) children had HB antibody levels 

more than 10 mIU/ml. The majority of the children had antibody concentrations between 10-

100 mIU/ml, and 10% had antibody concentrations above 1000 mIU/ml. 

 

Percentages of males and females having protective levels of antibodies were 85.3% (58/68) 

and 85.4% (70/82) respectively (Figure 1), showing no association of gender on long term 

protection (p>0.05).  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

According to the type of the vaccine received, 82% (78/95) of the children who had the 

monovalent vaccine and 90% (50/55) who had the hexavalent vaccine had protective levels 

of HB antibodies. However, this difference was not statistically significant (p>0.05). The  

Table 1. Antibody levels 10 years after Hep B primary vaccination 

 
HB antibody 

concentration (mIU/ml) 

Number of children 

 

Geometric Mean Titre 

 N % GMT 95% CI (mIU/ml) 

      0-10 22 15 4.52 3.14 – 8.49 

  >10-100 71 47 83.18 78.89 -87.10 

  >100-1000 42 28 407.38 334.20 – 493.17 

  >1000 15 10 1047.13 1037.29 – 1067.89 

    Total 150 100   

 

 

Figure 1. Distribution of the HBsAb levels (mIU/ml) in children based on gender 
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mean GMT of HB antibody levels of the children vaccinated with monovalent vaccine 

remained as 180.08 (144.54 – 223.87) mIU/ml, while hexavalent vaccine resulted in a mean 

GMT of 187.65 (138.49 – 302.04) mIU/ml, along with a GMT difference of 10.18 (7.58 – 

15.78) mIU/ml among the hexavalent and monovalent vaccines 10 years after vaccination. 

The results of the independent-sample t-test showed that the mean HB antibody levels of 

children vaccinated with hexavalent (283 mIU/ml) and monovalent (279 mIU/ml) vaccines 

did not demonstrate a significant difference (p>0.05 at 5% level of significance) 10 years 

since vaccination. 

 

As depicted in Table 2, all 22 revaccinated children developed HB antibody levels above the 

protective level of 10 mIU/ml. The mean GMT of HB antibody levels after revaccination 

were relatively high in children vaccinated with monovalent vaccine; 514.47 mIU/ml (357.52 

– 648.59), compared to children vaccinated with hexavalent vaccine (458.89 mIU/ml with 

302.37 – 567.67 at 95% confidence levels). The GMT difference of 11.53 (7.41 – 15.14) 

mIU/ml between the hexavalent and monovalent vaccines groups was not significant.  

 

Discussion 

 

Sri Lanka is a low prevalence country for HB, with a minimal risk of vertical and horizontal 

transmission. Health care providers in Sri Lanka take stringent precautions to prevent 

iatrogenic HB infections. All blood donors are routinely screened for HB with DNA PCR, 

and all interventional procedures are carried out under sterile conditions. Intravenous drug 

abuse is also rare in Sri Lanka.10 Thus, like other low prevalence countries, the most likely 

mode of HB transmission is unprotected sexual contacts during adolescence and later.6,7 

Hence immunity against HB during adolescence and later is vital for prevention of HB 

transmission in a low prevalence country like Sri Lanka.  In this context it is important to 

ascertain whether immunization carried out against Hep B during early infancy is long 

lasting, as transmission risk during childhood is minimal.13-16 

 

According to our study, whether the HB vaccine is given as a monovalent vaccine or as a 

combined vaccine, the protection provided against HB at 10 years is not significantly 

different.  The main advantage of administering HB vaccine through a combined vaccine is 

ensuring a higher acceptance as no additional prick for HB vaccine is required.10 The present 

coverage for three doses of HB vaccine in Sri Lanka is 98%20 which is significantly higher 

than the global figure of 82%.8 The main reason for the high coverage is carrying out 

vaccinations alongside  other child welfare clinic activities conducted all around the country. 

Acceptance and compliance of a HB vaccination program initiated around adolescence is 

 

Concentrations of 

HB antibodies 

(mIU/ml) 

Number of 

children 

Geometric Mean Titre  

 N    % GMT 

(mIU/ml) 

95% CI 

0-10 00    0.0 -  

>10-100 04  18.2 75.86 55.72 –97.58 

>100-1 000 10  45.4 933.25 887.16 – 979.49 

>1 000 8        36.4 1047.13 1023.29 – 1080.94 

Total 22        100   

 

Table 2. Concentration of HB antibody among revaccinated children  
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likely to be low. The main advantages of the current vaccination schedule are fewer painful 

pricks to the child and clinic visits, reduced workload on health staff and improved cost 

effectiveness. Hence, the current schedule of two, four and six months remains the ideal, as 

long as it provides adequate protection till adolescence and beyond.  

 

Debate over duration of protection provided by HB vaccine has continued over a long 

period.11 Some studies have shown that protection  lasts beyond 20 years.13 Studies have also 

demonstrated that protection provided by HB vaccine outlast the duration of detectable 

protective antibody levels.21,22 In our study, 15% of children did not have protective antibody 

concentrations ten years after immunization. As we have not tested the immune response in 

these children following the course of primary immunization, it is reasonable to speculate that 

some of them may not have had a seroconversion at all. However, the sharp and rapid 

anamnestic rise of antibody levels following booster dose observed in these children suggest  

seroconversion following  primary vaccination. This observation also confirms the findings 

of previous studies, which suggest immune memory to remain, even when the antibody levels 

have dropped below protective levels.11,17,18,23 However, these studies were either in adults or 

in children who had the first dose of the HB immunization during the latter part of childhood 

or at the time of birth. Some studies were conducted with plasma derived HB vaccine prior to 

availability of the  recombinant vaccine.18 According to the  world medical literature, our 

study is the first to investigate the long-term protection following a primary course of 

recombinant HB vaccination, administered at two, four and six months of age.  

 

However, an issue that needs addressing is whether the anamnestic response is quick enough 

to prevent the disease. The longer incubation period of HB may be a favourable factor in this 

regard. The immune response is not only humoral and especially in viral infections, but T cell 

response also plays an important role in protection.15 Following up vaccinated individuals for 

clinical or serological evidence of HB infection is the ideal method of demonstrating  long-

term protection. None of the children included in our study had any clinical evidence of HB 

infection at present or in the past. However, due to limited resources we did not perform 

serological studies for HB infection amongst these children.  

 

In contrast to our findings, two studies reported only 51% (18/35) of previously vaccinated 

individuals producing an anamnestic response following a booster dose, given 15 years after 

a primary course of HB vaccination.24 In both these studies, the first dose was given at birth. 

The lower anamnestic response documented by these two studies may be due to an immature 

immune system at birth and/or antibodies received either from mother or given to the baby, 

preventing an adequate immune response. Thus, unless  there is a risk of vertical 

transmission, commencing HB vaccination at two months of age seems to ensure long term 

protection rather than commencing vaccination at birth.  

 

Conclusion  

 

It can be concluded that HB vaccine in the hexavalent form is equally effective as 

monovalent HB vaccine. With time, it is likely that HB antibody levels tend to fall below 

protective levels in some vaccinated individuals. However, as sharp anamnestic rise of 

antibodies was observed in these previously vaccinated individuals following a booster dose, 

it is likely that they will respond to a natural infection in a similar fashion. It is likely that a 

booster dose of HB vaccine is not indicated in individuals who received a successful primary 

course of HB vaccine at two, four and six months.  
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Limitations 

 

The main limitation of our study is the limited sample size of 22 during the second part of the 

study. Another limitation is that findings after 10 years of vaccination may not necessarily 

guarantee similar immune response several decades later. A definitive answer to the question 

of ‘necessity of a booster dose’ would be obtained only from a long term follow up study 

with a larger sample size.  
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