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Introduction

Hepatitis B virus (HBV) infects more than 350 
million people worldwide. It is a leading cause 

of  chronic hepatitis, cirrhosis, and hepatocellular 
carcinoma, and these sequels of  chronic infection 
account for more than 1 million deaths annually (1). 
Immunization of  infants against HBV has proven to 
be the most effective way to prevent infection (2).

Approximately 3% of  Iranian people are chronic 
carriers. However, the rate is different among 
provinces (3). In Kohgiloyeh and Boierahmad 
province the incidence rate was 15.3 per 100,000, 
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Background and Aims: The duration of the protection of hepatitis B vaccination for infants and the necessity of a booster 
dose administration is unknown. The aim of the present study was to evaluate the persistence of seroprotection after 
hepatitis B virus (HBV) vaccination in order to determine the necessity of a single booster dose in 5- to 7-year-old chil-
dren.
Methods: This clinical trial study was conducted from 2004 to 2005. The study population included all children aged 5 
to 7 years old in the Kohgiloyeh and Boyerahmad province who had been vaccinated starting at birth with hepatitis B 
vaccine. Among these children, 729 were selected via a multiple-stage sampling method. Parents gave their informed 
consent, and blood specimens (3 ml) were obtained from children. Hepatitis B surface antibody (HBsAb) and hepatitis B 
surface antigen (HBsAg) were determined by enzyme-linked immunosorbent assay (ELISA). Subjects with nonprotective 
titer levels (< 10 mIU/ml) received a booster does of the DNA recombinant vaccine. Four weeks after the administration 
of a booster dose, the antibody to HBsAg (anti-HBs) titer was measured. Data were analyzed using SPSS software, and 
analyses included chi-square, ANOVA, and independent-samples and paired-samples t-tests.
Results: 615 children (84.4%) had a protective antibody titer. The mean antibody titer was 230.5 ± 308.9 IU/ml, with 
a range of 10.6 to 1175 IU/ml. 15.6% of subjects had a nonprotective antibody titer, and the mean antibody titer was 
4.97 ± 3.5 IU/ml. All subjects were HBsAg negative. No statistically significant differences were found by sex or by urban 
versus rural area of residence. The seroprotection rates significantly decreased by as the age of the children increased. 
Following the booster dose, 78.1 % of the children had a protective titer, and the mean titer significantly increased from 
4.97 ± 3.5 at birth to 332.1 ± 402 IU/ml after the booster (P < 0.001). 
Conclusions: According to our results, the proper response of the immune system to a booster dose of HBV at 5 to 7 years 
of age reveals that immunologic memory is good after primary vaccination. Administration of booster dose does not ap-
pear to be necessary at these ages even though these children have a greater possibility of exposure to HBV in school 
age. 
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which is higher than the mean rate for the country 
as a whole (12.4 in 100000) (4). The National 
Committee of  Expanded Program of  Immunization 
has approved the addition of  hepatitis B vaccine to 
the previous immunization program, which has been 
in effect since 1993. The program ensures that all 
newborns receive all three doses of  recombinant 
hepatitis B vaccine shortly after birth, one month 
later, and then at 6 months age.

The standard HBV antibody (anti-HBV) 
vaccination elicits a protective antibody to hepatitis 
surface antigen (anti-HBs) levels in most people. 
However, the persistence of  anti-HBs’s protective 
levels after vaccination and the effective duration 
of  immunologic memory is not well understood 
(5). The measurement of  post vaccination serum 
level of  anti-HBs is the only simple test available to 
predict the waning of  protection and help plan for 
the administration of  a booster dose (6).

In unresponsive subjects a booster dose has been 
shown to be efficient, although the optimal method 
of  management seems to depend on anti-HBs levels 
and has not been fully understood. The proper timing 
of  booster dose administration is also not generally 
agreed upon (7).

A number of  studies in Iran have examined the 
long-term persistence of  antibody after hepatitis B 
immunization at birth, and a few of  these studies 
have assessed the challenges with administering  a 
booster dose of  the vaccine later in life. This study 
was conducted to evaluate the persistence of  antibody 
after HBV vaccination and to assess the response to 
a booster dose in 5- to 7-year-old children.

Materials and Methods

This research is a clinical trial performed from 
2004 to 2005 in the Kohgiloyeh and Boyerahmad 
province of  Iran. The study’s population included 
children aged 5 to 7 years old who were given a 
full three-dose hepatitis B vaccine as an infant 
(recombinant Engerix- B Biotec Havana, Cuba, 
10µg). Households that were attended by public 
health centers were divided into 100 clusters based on 
the population served: This resulted in 46 urban and 
54 rural clusters. From these clusters, 729 children 
were selected by a multiple-stage sampling method. 
All parents were requested to sign an informed 
consent form in which they agreed to participate in 
the study. After observing the children’s vaccination 
sheets and interviewing parents for collecting data, 
blood specimens (3 ml) were obtained from the 
children. All specimens were tested by an ELISA 
method (Radim kit- Tahghighgostar Co., Iran) for 

hepatitis B surface antibody (HBsAb) and hepatitis 
B surface antigen. Anti-HBs concentrations were 
measured and reported in IU/ml.

The history of  hepatitis B infection was noted 
in the parents’ reports. All children with an anti-
HBs concentration ≥10 IU/ml were considered 
seroprotected and excluded from further analysis. 
Subjects with anti-HBs titer < 10 IU/ml received 
a booster  dose of  a recombinant vaccine  
intramuscularly in the deltoid muscle. Blood 
specimens were obtained from these children 4 weeks 
after the administration of  the booster dose, and the 
anti-HBs titers were measured again with ELISA. 
The antibody titers after the booster vaccination 
were classified in three groups: 1) non-responders, 
who had anti-HBs levels <10 IU/ml; 2) responders 
with anti-HBs levels ≥10 IU/L and ≤ 100 IU/ml; 
and 3) high responders, who had anti-HBs levels > 
100 IU/ml.

Data analyses were performed using Chi-square, 
independent-samples t-test, paired-samples

t-test, and ANOVA test. P < 0.05 was considered 
significant, and all P values were two sided. 

We assessed the effects of  gender, age group, and 
residency on the development of  anti-HBs ≥ 10 IU/
ml and on the child’s response after the booster dose 
administration.

The inclusion and exclusion criteria in this study 
were as follows. First, children who had received all 
three doses of  the vaccine at infancy were included. 
Of  this sample, children were excluded if  they had 
a history of  HBV infection, positive HBsAg, or a 
history of  allergic reactions after receiving hepatitis 
B vaccine (used for the booster dose). These criteria 
were verified by reviewing children’s growth and 
vaccination sheets and by interviewing parents. 

Results

Seven hundred and twenty-nine children were 
enrolled in the study. Four hundred and twenty-five 
(58.3%) were males and 304 (41.7%) were female. 
Three hundred forty-eight (47.7%) of  the children 
lived in urban areas, and 381 (52.3 %) lived in rural 
areas. One hundred fifty four (21.2%) were 5 years 
old, 257 (35.3%) were 6 years old, and 318 (43.5%) 
were 7 years old.

The overall seropositivity rate for anti-HBs 
(≥10I U/ml) was 84.4% (615 children), and in 
39.1% (285 children) of  these children the antibody 
concentration level was higher than 100 IU/ml. One 
hundred fourteen (15.6%) children had anti-HBs 
concentrations < 10 IU/ml (non-seroprotective). 
All the children tested negative for HBsAg and had 
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no history of  HBV infection or clinical evidence of  
infection or disease.

The mean anti-HBs concentration in seropositive 
children was 230.5 ± 308.9 IU/ml, ranging from 
10.6 to 1175. In children without a seroprotective 
titer (no-seroprotective children), the mean antibody 
concentration was 4.97 ± 3.5. The seroprotection rate 
and its relationship with the demographic variables 
such as sex, age, and residential area is shown in Table 
1. The females had a significantly higher mean anti-
HBs titer than males (231.5 ± 320.1 versus 169.3 ± 
273.6, P = 0.006).

The mean anti-HBs titers were 232.5 ± 316.7, 
205.4 ± 305.1, and 169 ± 274.2 in 5-, 6-, and 7-year-
old children, respectively. This differences were not 
statistically significant (P = 0.07).

Table 2 shows the anti-HBs concentration in non-
seroprotective children after receiving the booster 
dose. As shown in Table 2, 89 out of  the 114 non-
seroprotective children (78.1%) children responded 
with anti-HBs level ≥ 10 IU/ml after the booster 
dose. The mean anti-HBs concentration in children 
who received the booster dose was 332.1 ± 402 IU/
ml after the booster, which was approximately 67 
times higher than the mean antibody concentration 
before the booster. This difference was statistically 
significant (P < 0.05). There were no significant 
differences in seroprotectivity after the booster dose 

by sex, age group, or area of  residence.

Discussion

The results of  this study indicate that the 
majority of  the participants (84.4%) who had been 
immunized with recombinant HBV vaccine in their 
first years of  life had a protective concentration of  
antibody at 5 to 7 years of  age, and 285 (39.1%) 
of  these children had high anti body levels. Our 
results are similar to those by Salehi et al. (8), who 
reported that, 6 years after vaccination, 81% of  
Iranian children had protective antibody levels and 
29.2% had high antibody levels. Mahyar reported an 
87.5% seroprotection rate at 6 years old and Behjati 
et al. reported a 69% rate at 7 years old in Iranian 
children after primary vaccination (9, 10). Garcialiop 
et al. reported a 70.6% seroprotection rate in Spanish 
children 6-7 years after vaccination (11). 

Most studies have found that there were no 
gender differences in the immunological response 
to HBV vaccine (12-14). Similarly, in our study the 
seroprotection rates of  girls and boys were not 
statistically different. However, mean antibody titer 
in girls was significantly higher than the titer in boys; 
this suggests that females are stronger responders. 
This finding is similar to of  the results in Gold et al. 

Table 1.  Anti-HBs concentration according to the demographic 
characteristics of vaccinated children. 	

Anti-HBs 
Concentration

Characteristics

≥10IU/ml  
No. (%)

<10 IU/ml
No. ( %)

Total
No. ( %)

P-value

Male
Sex

Female

356(83.8)       
259(85.2)        

15(16.2)
39(14.8)

425(100)
304(100)

N.S

Urban
Residency

Rural

294(84.5)
321(84.3)

54(15.5)
60((15.7)

348(100)
381(100)

N.S

Five
Age(years)	 Six

Seven   

139(90.3)
218(84.8)
258(81.8)

15(9.7)
39(15.2)
60(18.9)

154(100)
257(100)
318(100)

0.04

Table 2. The anti-HBs concentration in non-seroprotective children after 
receiving the booster dose. 
Antibody concentration Number of  subjects Percent

<10 IU/ml 25 21.9

≥10 IU/ml and ≤ 100IU/ml 28 24.6

> 100IU/ml 61 53.5

Total 114 100
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and Salehi et al. (8, 15).
In this study the seroprotection rate and mean 

antibody titer were found to decrease with age and 
had significant associations with the age of  the 
children. On the other hand, child’s age negatively 
influenced anti-HBs level. This result corroborates 
findings from previous studies that indicate that 
anti-HBs concentrations decline over time (16-22).

In our study the majority of  subjects (78.1%) 
responded to the booster dose, and more than half  
of  them had a high antibody level (>100 IU/ml). 
Other studies on children have shown similar results 
(16, 18, 23).

Immunologic memory was confirmed by the high 
response to the administration of  the booster dose 
in the children with an anti-HBs concentration < 10 
IU/ml 5-7 years after the original vaccination series. 
Exposure to the booster antigen in these children 
stimulated the antibody concentration to exceed 100 
IU/ml in more than half  of  all cases. The statistically 
significant difference between the mean antibody 
concentration before and after the booster dose 
shows the vigorous response of  the immune system 
to the booster and suggests that the immunologic 
memory is good. 

Similarly, Gonzales et al.’s follow-up study of  
HBV-vaccinated children showed that the mean 
antibody titer increased significantly from 34 to 
2,985 IU/L after a booster in 7-year-old children (P 
< 0. 001) (24).

Evaluating the response to a booster dose of  the 
HBV vaccine in subjects with history of  vaccination 
at least five years ago resulted in approving the 
presence of  memory response to the HBs antigen as 
reported in several studies (24-32).

We found no cases of  HBsAg reactivity in our 
study subjects, including those who were no longer 
anti-HBs seropositive. The reason for this data may 
be indicative of  a lack of  contact with HBV or 
induced immunological memory due to their primary 
immunization of  this age group. There is no medical 
evidence, however, to show that healthy vaccinated 
children lose their immunity simply because the anti-
HBs level drops below 10 IU/ml (33). In two studies 
carried out on Chinese adolescents 13 to 15 years 
after they had been vaccinated at birth, the results 
showed that fewer than 2% of  the adolescents were 
HBsAg seropositive, despite a seroprotectivity rate 
of  less than 50% in these studies (34, 35).

In conclusion, our study on 5- to 7-year-old 
children who were vaccinated early in life showed that 
an effective seroprotection level persisted in 84.4% 
of  subjects. Given this result, that the response to the 
booster dose in 78.1% of  children did not result in a 
seroprotective level, and the absence of  HBsAg in all 

subjects, we conclude that a routine administration of  
an HBV booster dose is not necessary before 7 years 
of  age. Further follow-up studies on older children 
and adolescents are needed to verify the persistence 
of  seroprotectivty, immunologic memory, and the 
necessity of  booster dose administration at these 
ages. In the present study, about 22% of  children 
with a non-protective level of  anti-HBs did not 
respond to the booster dose. More studies are needed 
to evaluate the necessity of  extra dose of  booster in 
these children.

Acknowledgments

This research was supported by the Research and 
Technology Council of  Kohgiloyeh and Boirahmad 
province and the Research Chancellor of  Yasouj 
University of  Medical Sciences. We thank the 
participants and their families for being part of  this 
study. We appreciate the work of  many people from 
the laboratory and the data collection team. 

References

1.	 James Koziel M, Siddiqui A. Hepatitis B virus and hepatitis 
delta virus. In: Mandell GL, John E, Bennet RD, editors. 
Infectious Diseases, Principles and Practice. 6th ed. Cherchil 
Livingestone; 2005. p. 1864-84.

2.	 Yu AS, Cheung RC, Keeffe EB. Hepatitis B vaccines. Clin 
Liver Dis. 2004;8(2):283-300.

3.	 Malekzadeh R. [Viral hepatitis A, B, C, D, E, G]. Epidemiology 
and Control of Common Disorders in Iran. 2004:717-9.

4.	 Ministry of Health and Medical Education, Vice Chancellor 
of Health and Research. [Health Aspects of Kohgiloyeh 
and Boierahmad Province]. Tehran: Tabalvor Publications; 
2002. p. 61.

5.	 Pallas Alvarez JR, Gomez Holgado MS, Llorca Diaz J, 
Delgado Rodriguez M. [Hepatitis B vaccination. Indications 
of the post-vaccine serologic test and booster doses]. Rev 
Esp Salud Publica. 2000;74(5-6):475-82.

6.	 Honorati MC, Palareti A, Dolzani P, Busachi CA, Rizzoli R, 
Facchini A. A mathematical model predicting anti-hepatitis 
B virus surface antigen (HBs) decay after vaccination 
against hepatitis B. Clin Exp Immunol. 1999;116(1):121-6.

7.	 Seto D, West DJ, Ioli VA. Persistence of antibody and 
immunologic memory in children immunized with hepatitis 
B vaccine at birth. Pediatr Infect Dis J. 2002;21(8):793-5.

8.	 Hassan S, Ziba F. Antibody titer in Iranian children 6 
years after hepatitis B vaccine administration. Vaccine. 
2007;25(17):3511-4.

9.	 Behjati M, Mirhoseini N, Ayatollahi J. [A Survey of immune 
status of primary school age children, 7 years post hepatitis 
B vaccination]. J Shaheed Sadoughi Univ Med Sci. 
2002;10(3):3-7.

10.	Mahyar AAF. [Survey of antibody titer against recombinant 
hepatitis B vaccinations in six-year-old children]. J Guilan 
Univ Med Sci. 2007;16(61):39-43.

11.	Garcia Llop L, Asensi Alcoverro A, Coll Mas P, Ramada 
Benedito MA, Grafia Juan C. [Anti-HBs titers after a 
vaccination program in children and adolescents. Should a 



Hepatitis Monthly, Winter 2010; 10(1): 17-21

21Behrouz Yazdanpanah et al.

booster dose be given?]. An Esp Pediatr. 2001;54(1):32-7.
12.	Simo Minana J, Gaztambide Ganuza M, Fernandez Millan P, 

Pena Fernandez M. Hepatitis B vaccine immunoresponsiveness 
in adolescents: a revaccination proposal after primary 
vaccination. Vaccine. 1996; 14(2): 103-6.

13.	Perera J, Perera B, Gamage S. Seroconversion after 
hepatitis B vaccination in healthy young adults, and the 
effect of a booster dose. Ceylon Med J. 2002;47(1):6-8.

14.	Hammitt LL, Hennessy TW, Fiore AE, et al. Hepatitis B 
immunity in children vaccinated with recombinant hepatitis 
B vaccine beginning at birth: a follow-up study at 15 years. 
Vaccine. 2007;25(39-40):6958-64.

15.	Gold Y, Somech R, Mandel D, Peled Y, Reif S. Decreased 
immune response to hepatitis B eight years after routine 
vaccination in Israel. Acta Paediatr. 2003;92(10):1158-62.

16.	Li H, Li R, Liao S, Yang J, Zeng X. [Persistence of HB 
vaccine immune protection and response to hepatitis B 
booster immunization]. Zhongguo Yi Xue Ke Xue Yuan Xue 
Bao. 1998;20(1):54-9.

17.	Belloni C, Pistorio A, Tinelli C, et al. Early immunisation 
with hepatitis B vaccine: a five-year study. Vaccine. 
2000;18(14):1307-11.

18.	Liu HB, Meng ZD, Ma JC, et al. A 12-year cohort study on 
the efficacy of plasma-derived hepatitis B vaccine in rural 
newborns. World J Gastroenterol. 2000;6(3):381-3.

19.	Dentinger C, McMahon B, Dunaway C, et al. Long-term 
protection from infant hepatitis B virus vaccination among 
Alaska Natives. In: Infectious Disease Society of America 
Annual Meeting. Chicago; 2002. p. 177.

20.	Boxall EH, J AS, El-Shuhkri N, Kelly DA. Long-term 
persistence of immunity to hepatitis B after vaccination 
during infancy in a country where endemicity is low. J 
Infect Dis. 2004;190(7):1264-9.

21.	Petersen KM, Bulkow LR, McMahon BJ, et al. Duration 
of hepatitis B immunity in low risk children receiving 
hepatitis B vaccinations from birth. Pediatr Infect Dis J. 
2004;23(7):650-5.

22.	Dentinger CM, McMahon BJ, Butler JC, et al. Persistence of 
antibody to hepatitis B and protection from disease among 
Alaska natives immunized at birth. Pediatr Infect Dis J. 
2005;24(9):786-92.

23.	Wistrom J, Ahlm C, Lundberg S, Settergren B, Tarnvik A. 
Booster vaccination with recombinant hepatitis B vaccine 
four years after priming with one single dose. Vaccine. 
1999;17(17):2162-5.

24.	Gonzalez ML, Gonzalez JB, Salva F, Lardinois R. A 7-year 
follow-up of newborns vaccinated against hepatitis B. 
Vaccine. 1993;11(10):1033-6.

25.	Bucher B, Francioli P, Geudelin B, Fritzell B, Lavanchy 
D, Frei PC. Immunogenicity of a recombinant Pre-S2-
containing hepatitis B vaccine versus plasma-derived 
vaccine administered as a booster. Eur J Clin Microbiol 
Infect Dis. 1994;13(3):212-7.

26.	Gesemann M, Scheiermann N. Quantification of hepatitis 
B vaccine-induced antibodies as a predictor of anti-HBs 
persistence. Vaccine. 1995;13(5):443-7.

27.	Krugman S, Davidson M. Hepatitis B vaccine: prospects for 
duration of immunity. Yale J Biol Med. 1987;60(4):333-9.

28.	Lee SD, Lo KJ, Tsai YT, Chan CY, Wu TC. The second 
booster for the previously hepatitis B vaccine-immunized 
high-risk children. In: Hollinger FB, Lemon SM, Margolis 
HS, editors. Viral Hepatitis and Liver Disease. Baltimore: 
Williams and Wilkins; 1991. p. 776-8.

29.	Milne A, Waldon J. Recombinant DNA hepatitis B 
vaccination in teenagers: effect of a booster at 5 1/2 years. J 
Infect Dis. 1992;166(4):942.

30.	Resti M, Azzari C, Mannelli F, Rossi ME, Lionetti P, 
Vierucci A. Ten-year follow-up study of neonatal hepatitis 
B immunization: are booster injections indicated? Vaccine. 
1997;15(12-13):1338-40.

31.	Trivello R, Chiaramonte M, Ngatchu T, et al. Persistence 
of anti-HBs antibodies in health care personnel vaccinated 
with plasma-derived hepatitis B vaccine and response 
to recombinant DNA HB booster vaccine. Vaccine. 
1995;13(2):139-41.

32.	West DJ, Watson B, Lichtman J, Hesley TM, Hedberg K. 
Persistence of immunologic memory for twelve years in 
children given hepatitis B vaccine in infancy. Pediatr Infect 
Dis J. 1994;13(8):745-7.

33.	Floreani A, Baldo V, Cristofoletti M, et al. Long-term 
persistence of anti-HBs after vaccination against HBV: 
an 18 year experience in health care workers. Vaccine. 
2004;22(5-6):607-10.

34.	Gong J, Li RC, Yang JY, et al. [Long-term efficacy of infant 
hepatitis B immunization program]. Zhonghua Gan Zang 
Bing Za Zhi. 2003;11(4):203-5.

35.	Xia G, Jia Z, Yan T, et al. [Long-term efficacy and persistence 
of Chinese infants after receiving only active plasma-derived 
hepatitis B vaccine]. Zhonghua Shi Yan He Lin Chuang 
Bing Du Xue Za Zhi. 2002;16(2):146-9.


