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The long-term protective effect of hepatitis B virus (HBV) vaccine and the need for booster dose vaccination 
remain doubtful. The study aimed to estimate the sero-protection rate and evaluate immune response to a 
booster dose in children and adolescents with complete HBV vaccination during infancy. According to study 
design, 902 children were recruited from 2 cities and 3 villages in Dakahleya Governorate by a cross-
sectional study; 475 boys and 423 girls with age range 9 months to 16 years. All received the three doses of 
the compulsory HBV vaccination during infancy. Serum samples were tested for hepatitis B surface antigen 
(HBsAg)Hepatitis B core antibodies (total)(HBcAb) & quantitative detection of antibodies to hepatitis B 
surface antigen (anti-HBs) using ELISA . Positive samples for HBsAg/HBcAb were subjected to quantitative 
HBVDNA detection by real time polymerase chain reaction (PCR) Those proved to have non-seroprotective 
antibodies (anti-HBs titres <10 IU/L) were given a booster dose and a blood sample was drawn one month 
later for evaluation. Results of HBcAb and DNA revealed that 4 children had HBV breakthrough infection 
(4/902, 0.4% and only one out of them was positive for HBsAg. Out of the 898 children, 57.7% demonstrated 
sero-protective titers of anti HBs (≥10 IU/L) with geometric mean titres (GMTs) of 68.5 ± 3.5 IU/L. The number 
of those with non-seroprotective titers was significantly lower among children < 5 years (11.1%) compared to 
those ≥ 10 years (64.8%, P<0.05), while no significant difference was noticed as regards the gender at any 
age group. Multivariate logistic analysis revealed that age was the only significant predictor variable for 
having non- seroprotective antibody level, with adjusted odds ratio (AOR) 4.2 & 14.1 among children aged 5-
10 and older respectively compared to those aged < 5 years. About 92% of booster recipients developed 
anamnestic response. The GMTs of anti-HBs increased significantly (189.4±12.3IU/L), with no gender 
difference. Multivariate logistic analysis revealed that the pre-booster anti-HBs level < 3.3 IU/L was the only 
significant predictor variable for non responder to booster dose with AOR 6.6. It is concluded that in spite of 
the significant decline of level of antibodies over time yet, about half of the studied children have sero-
protective level of antibodies after primary compulsory vaccination. Moreover, the developed anamnestic 
response among children with non-seroprotective level, confirms immunological memory that can outlast 
the presence of protective level of antibodies.  
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he incidence of HBV infection has 

been declining over the last two 

decades thanks to the introduction of 

universal immunization programs and the 

implementation of blood-donor screening. 

Nevertheless, a significant number of adults 

and children are still infected each year 

(McMahon, 2009) and there are nearly 2-3 

million chronic carriers (El-Zayadi, 2007). 

WHO (2009) reported Egypt as an area of 

intermediate endemicity of HBV (2%-7%). 

HBV infection acquired during infancy and 

early childhood is a major cause of liver 

disease and liver cancer worldwide (WHO, 

2006). HBV immunization is now the most 

effective and cost saving mean to prevent 

T
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HBV infection (Mast et al., 2006). Egypt has 

been incorporated HBV vaccine in the 

national childhood vaccination program since 

October 1992. Three doses of the vaccine are 

given at 2, 4 and 6 month of age (Mansour & 

Baron, 1995). 

Antibody to hepatitis B surface antigen 

(anti-HBs) concentration ≥10 IU/L is 

considered protective after a primary vaccine 

series (Zanetti et al., 2012). However, anti-

HBs titer decreases over time and may fall to 

below protective level (Dentinger et al., 

2005). The exact duration of protection after 

vaccination during infancy is unknown 

(FitzSimons et al., 2005). 

The diminished levels of anti-HBs do not 

necessarily indicate loss of immunity 

(Dentinger et al., 2005). Non immune 

adolescents and young adults are at increased 

risk for exposures to HBV as a result of 

occupational exposures, shaving, sexual 

activity or injection-drug use (Goldstein et al., 

2002). Giving a booster dose of the vaccine to 

previously vaccinated individuals can test 

lasting vaccine-induced immunity long after 

anti-HBs become undetectable. A vigorous 

increase in anti-HBs titers detected shortly 

after giving an extra dose of the vaccine can 

be interpreted as an anamnestic response due 

to preserved immune memory (Petersen et al., 

2004, Samandari et al., 2007; Hammitt et al., 

2007).  

The aim of this study was to evaluate the 

persistence of sero-protection after HBV 

primary compulsory vaccination among 

children and adolescent and to evaluate the 

persistence of immunological memory 

through early anamnestic response after 

giving a booster dose of hepatitis B vaccine 

for sero-negative children.  

Subjects and Methods 

The present study is a part of a national community 

based multi-stage cluster sampling design carried out in 

the period from July 2010 to June 2013 in 6 

governorates representing all geographic regions of 

Egypt. For sampling process and selecting the clusters, 

probability proportional to size sampling was used. The 

sample frame for the current survey was based on the 

most recent population census 2006. According to 

population size of each governorate, the number of 

participating clusters were identified in each 

governorate. First, Implicit stratification by geographic 

location in each governorate, lists of cities and villages 

were arranged in serpentine order geographically. This 

stratification was done independently for urban and 

rural areas. A sampling interval was calculated and 

accordingly a random number was selected, using a 

table of random numbers. From these lists, areas such 

as villages or city blocks were selected. In each 

selected area, lists of MCH, kindergarten and school 

facilities were identified and 5 facility clusters was 

randomly selected.  

The current work presented the part of the project 

results concerning Dakahleya Governorate, where 5 

cluster areas were randomly chosen (two urban and 

three rural areas). From this governorate, 902 children 

from 5 clusters (El Mansora city, Meniet- El-Nasr city, 

El Zahayra village in Sinbelawain, Maasara village in 

Belkas, Batra village in Talkha) were recruited. It was 

conducted at facility levels, where 5 facilities (one 

maternal and child health center (MCH) or health unit, 

one kindergarten and 3 schools (primary, preparatory 

and secondary schools) were randomly selected from 

each area according to the age of the targeted children. 

The study protocol was approved by the ethical 

committee of Ministry of Health, National Research 

Center and Ministry of Education. Signed written 

consents were also, obtained from each guardian. A 

closed ended questionnaire was designed and tested. 

For quality assurance, training sessions for supervisors, 

interviewers and Ministry of Health staff in each 

governorate were carried out. Barcode was used in 

order to prepare peel-off barcode sheets. Inclusion 

criteria were children aged from 9 months to 16 years 

and had received the full 3 compulsory doses of HBV 

vaccine during infancy. Face to face interview was 

carried out with the parents or caretakers of the 

children. Adolescents above 10 years were also 

interviewed after their verbal ascent. The questionnaire 

used to collect data about child age, sex, date of birth 

and other demographic & socioeconomic variables. 

Data were also collected concerning child HBV 

vaccination and the available vaccination card was 

revised for date and dose intervals of HBV vaccine. 

Socioeconomic status (SES) was determined according 

to Fahmy and Sherbiny, (1983). It depends on parents’ 

education, maternal working status, water source, 
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sewage disposable, electricity and some modification 

of family income. 

Children with non- seroprotective levels of anti-

HBs titre (<10IU/L) received a booster dose of HBV 

vaccine (10 µg of monovalant Euvax HB vaccine, IM 

in the deltoid muscle). Four weeks later, a blood 

sample was withdrawn from each child for post–

booster anti-HBs quantitative evaluation to assess their 

early anamnestic response. Non responder for the 

booster dose was further given 2 additional doses of 

HBV vaccine with 2 months interval. 

Blood sampling and Laboratory Analysis 

About 3-5 ml blood sample was withdrawn aseptically 

from each participant. Serum samples were aliquoted 

into two labeled sterile cryo tubes and were stored at –

20°C until laboratory examination. 

HBV Serology 

HBV markers detection was carried out in The 

Virology lab –Microbiology Department–Faculty of 

Medicine, (for Girls) Al-Azhar University, Cairo, 

Egypt. It was carried out using commercially available 

enzyme linked immunoassays (ELISA, Dia Sorin-Italy) 

and according to the manufacture instructions. 

Hepatitis B surface antigen (HBsAg) was assessed by 

direct sandwich ELISA assay (ETI-MAK-4), while 

qualitative determination of serum total HBV core 

antibody (anti-HBc) was determined by a competitive 

test based on the use of polystyrene microwells coated 

with mouse monoclonal antibody to HBcAg (ETI-AB-

COREK PLUS). Quantitative detection of serum anti-

HBs (ETI-AB-AUK-3) is by direct, non-competitive 

sandwich assay. According to international standards 

anti-HBs ≥ 10 IU/L, was considered to be protective 

against HBV infection (WHO, 2002 and Zanetti et al., 

2012). Vaccinees who develop an anti HBs level 

between 10-100 IU/L after the full vaccination dose are 

referred to as low responder while those with >100 

IU/L are good responders (Shouval, 2003). 

Seropositivity is defined as cut-off of anti-HBs at 3.3 

IU/L (Burgessa et al., 2010). 

Real-time PCR 

Repeatedly positive samples for either anti-HBc or 

HBsAg, were subjected to quantification of HBV 

genome by Real-time PCR of HBV genome using 

automated system. Viral DNA was extracted from 200 

µl serum samples using QIAxtractor®, and VX kit as 

recommended by the manufacturer. The procedure uses 

the specific binding of nucleic acids to silica 

membranes using simple bind, wash, and elute steps. 

After nucleic acids in lysates bind to the membrane, 

contaminants were washed away. Purified nucleic acids 

were subsequently eluted from the membrane using 

200 µl of elution reagent.PCR setup was automated via 

QIAgility (QIAGEN, Germany). HBV real-time assays 

were performed in combination of Artus HBV RG PCR 

Kit (Artus™GmbH, Hamburg Germany) and the Real 

time PCR instrument, Rotor-Gene Q (QIAGEN, 

Germany).Thermal profile was set according to 

manufacturer’s guideline. The HBV RG/TM Master 

contain reagents and enzymes for the specific 

amplification of a 134 bp region of the HBV genome, 

and for the direct detection of the specific amplicon in 

fluorescence channel Cycling Green of the Rotor-Gene 

Q. At least two negative controls, internal control to 

monitor the DNA isolation procedure and to check for 

possible PCR inhibition and external positive controls 

(HBV RG/TM QS 1–5), provided by the manufacturer 

were added per run. In real-time PCR the amplified 

product is detected via fluorescent dyes. These are 

usually linked to oligonucleotide probes that bind 

specifically to the amplified product. Monitoring the 

fluorescence intensities during the PCR run (i.e., in real 

time) allows the detection and quantization of the 

accumulating product .Only data that revealed no false 

positive results in the negative controls and that were 

reproducible were used. Strict precautions were taken 

to avoid possible contamination. Detection limit of 

HBV DNA in the current study assay is 3.8 IU/L 

assessed by the World Health Organization (WHO) 

international standard (97/750) (Baylis et al., 2008). 

Breakthrough infection was defined as anti-HBc 

seropositivity in vaccinated subjects who were not 

chronically infected (Mendy et al., 2013). 

Out of 380 children proved to have non-sero-

protective levels, 327 children were given a booster 

dose of 10 µg of monovalant Euvax HB vaccine 

intramuscularly. A blood sample was withdrawn 4 

weeks later from 315 children. Post–booster anti-HBs 

level was quantitatively evaluated to assess early 

anamnestic response. An anamnestic response was 

defined as a rise in anti-HBs to ≥10 U/mL as defined 

by Zanetti et al. (2012). Individuals showing antibody 

concentrations less than 10 IU/L were then offered an 

additional complete course of vaccination.  

Data Analysis and Presentation 

Data entry was carried on excel sheet and statistical analysis 

was done using SPSS software program version 18.0. The 

geometric mean titre (GMT) was calculated to indicate the 

central tendency of anti-HBs titres in consideration of the 

skewed distribution of anti-HBs level. For the calculation of 

GMT, children who had an undetectable anti-HBs titer were 

assigned a nominal serum anti-HBs-titer value of 0.05 IU/L 

(Su et al, 2007). Chi square was done for qualitative data that 

presented by numbers and percentages. t-test was done for 
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comparison between two means and one way ANOVA for 

more than two means. Multivariat logistic analysis was done 

to predict risk factors significantly associated with non- 

serprotection and post-booster non- responders. P value was 

considered statistically significant when P <0.05 and 
considered statistically highly significant if P <0.01.  

Results 

A total of 902 participants were enrolled in 

the current study (477 boys & 425 girls). Four 

children had breakthrough infection detected 

by positive anti-HBc and HBV DNA (4/902, 

0.4%). Three of them had anti-HBs 3, 4, & 

559 IU/L and only one of them was positive 

for HBsAg with undetectable anti-HBs. They 

were 2 boys and 2 girls, aged ≥ 12 years old 

and all from rural areas. These 4 children 

were excluded from subsequent analyses. 

Table (1) shows the sociodemographic 

characteristics of the remaining 898 children 

in different studied areas. There was no 

significant difference between the studied 

areas as regard age and sex of participating 

children, P> 0.05. More than 60% of children 

in Meniat El-Nasr and Belkas were from very 

low and low SES compared to 35% in 

Sinbelawin, P < 0.001.  

Table 1. Socio-demographic characteristics of HBV-vaccinated children and adolescents in two cities and three 
villages in Dakahleya Governorate 

Variable 
Total 

N=898 

Mansoura 
City 

N=178 

Meniet El-
Nasr City 

N=182 

Belkas 
(village) 

N= 169 

Talkha 
(village) 

N=182 

Sinbelawain 
(village) 

N=187 

P value 

Age 

<5 y 287(32.0) 55(30.9) 62(34.1) 50 (29.6) 59(32.4) 61(32.6) NS 

5-<10 153(17.0) 35(19.7) 28(15.4) 22(13.0) 37(20.3) 31(16.6)  

10-<15 256(28.5) 59(33.1) 53(29.1) 53(31.4) 48(26.4) 43(23.0)  

≥ 15 202(22.5) 29(16.3) 39(21.4) 44(26.0) 38(20.9) 52(27.8)  

Gender 

Boys 475 (52.9) 107 (60.1) 88(48.4) 96 (56.8) 97(53.3) 87 (46.5) NS 

Girls 423 (47.1) 71 (39.9) 94 (51.6) 73 (43.2) 85(46.7) 100 (53.5)  

*Socio-economic status(SES) 

Very Low 257 (29.4) 43 (25.0) 64 (36.0) 70 (42.7) 54 (30.9) 26 (14.1) 0.000 

Low 180 (20.6) 35 (20.3) 49 (27.5) 31 (18.9) 2 5(14.3) 40 (21.7)  

Middle 262 (30.0) 49 (28.5) 39 (21.9) 42 (25.6) 66 (37.7) 66 (35.9)  

High 174 (20.0) 45 (26.2) 26 (14.6) 21 (12.8) 30 (17.1) 52 (28.3)  

* SES Data available for only 873 children.  P>0.05 is not significant (NS). 
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Out of 898 children, 42.3% of them had non 

sero-protective level (anti-HBs < 10 IU/L), 

36.5% were low responders with (anti-

HBs10-99 IU/L) and 21.2% had good sero-

protection level (anti-HBs ≥100 IU/L). Table 

(2) shows that there was a significant 

difference in the level of anti- HBs among 

different areas in Dakahleya and the highest 

percentage of non sero-protection was found 

in village in Sinbelawin and Meniet- El-Nasr 

city, (P<0.05).  

Table 2. Distribution of protective and non-protective anti HBs levels among HBV-vaccinated children and 
adolescents according to residence 

Residence Total children n (%) 

Level of Anti HBs IU/L 

<10 n (%) 10-99 n (%) ≥ 100 n (%) P value 

Total Urban 360 (40.1) 151 (42.0) 138 (38.3) 71 (19.7) 

NS 

Total Rural 538 (59.9) 229 (42.6) 190 (35.3) 119 (22.2) 

Mansoura City 178 (19.8) 65 (36.5) 84 (47.2) 29 (16.3) ® 

Meniet El-Nasr City  182 (20.3) 86 (47.3) 54 (29.7) 42 (23.0) 0.003 

Belkas (village) 169 (18.8) 68 (40.2) 70 (41.4) 31 (18.3) NS 

Talkha (village) 182 (20.3) 73 (40.1) 61 (33.5) 48 (26.4) 0.013 

Sinbelawain (village)  187(20.8) 88 (47.1) 56 (31.2) 39 (21.8) 0.009 

Total 898 (100) 380 (42.3) 328 (36.5) 190(21.2)  

® Reference group as it capital of the governorate. P>0.05 is not significant (NS). 

 

Table (3) shows that, the GMT of the anti-

HBs titre decreases significantly with 

increasing age of children. The risk of having 

non sero-protective level was significantly 

higher among children aged 5-10 years and 

>10 years compared to younger children (P< 

0.001), with odds ratios 4.2 and 14.7 

respectively. The risk of non sero-protection 

was also significantly higher among children 

> 10 years comparing those aged 5-10 years 

(P<0.001 & odds ratio 3.5). No significant 

difference in seropositive rate of anti-HBs as 

regards gender or residence, P > 0.05. 

Although sero-protection was markedly 

associated with middle and high, 

socioeconomic status, yet this were not 

statistically significant P > 0.05. 

There was no significant difference in the 

sero-protection rate in each age group in the 

five studied areas (P>0.05), except at age 

group 10 to <15 years (P < 0.05). At this age 

group, the percentage of sero-protection was 

significantly higher in Mansora and Belkas 

village in compared to Meniat El-Nasr city (P 

0.001 & 0.01 respectively) (Fig 1). There was 

a significant negative correlation between the 

level of anti-HBs and age of children, 

irrespective to gender and the lowest level of 

anti-HBs concentration was reached at age 

>12 years among both boys and girls (Fig 2).  
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Table 3. Distribution of protective and non-protective anti HBs among HBV-vaccinated children and adolescents 
according to socio-demographic characteristics 

Variable GMT 

Level of anti HBs IU/L 

Odds ratio (95% Confidence Interval) <10 IU/Ln=380 
n (%) 

≥ 10 IU/Ln=518 
n (%) 

Gender     

Boys 6.3 ± 30.1 198 (41.7) 277(58.3) ® 

Girls 5.8 ± 41.1 182 (43.0) 241 (57.0) 1.0 (0.7-1.2) 

P value 0.75ψ 0.65Φ  

Age (years)     

<5 63.5±7.4® 31 (11.4) 241 (88.6) ® 

5-10 13.6±20.9** 62 (33.9) 121(66.1) 4.2 (2.6-6.9)** 

>10 1.0±34.0** 287 (64.8) 156(35.2) 14.7 (9.6-22.7)** 

P value <0.001€ < 0.001Φ  

SES 

Very low 4.4±38.0 121 (47.1) 136 (52.9) 1.5(0.95-2.2) 

Low 4.7±36.4 83 (46.1) 97 (53.9) 1.4 (0.9 – 2.1) 

Middle 9.1±31.5 96 (36.6) 166 (63.4) 1.0 (0.6-1.4) 

High 7.8±30.1 66 (37.9) 108 (62.1) ® 

P value 0.067€ 0.051*Φ  

Residence  

Urban 6.3±32.7 151 (41.9) 209(58.1) ® 

Rural 5.9±36.5 229(42.6) 309(57.4) 1.0(0.7-1.3) 

P value 0.910ψ 0.854Φ  

® Reference grou 

GMT= Geometric mean titre of anti HBs IU/L 

ψ P value for Mann Whitney 

€ P value for Kruskal Wallis Test  

Φ P value for Chi square 

 * Significant P value < 0.05 

 ** Significant P value < 0.001 
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Figure 1. HBV sero-protection rate (%) among children and adolescents according to age in studied Dakahleya cities 
and villages 

 

Figure 2. Mean anti-HBs level (IU/L) among various age groups of HBV vaccinated male and female children and 
adolescents from Dakahleya Governorate  
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Multivariate logistic analysis revealed that age 

was the only significant predictor variable for 

having non sero-protective level. Compared to 

age < 5, the risk of non sero-protection was 

significantly higher among children aged 5-10 

and older age (with adjusted odds ratio 4.2 

and 14.1 and 95% conidence intervals (CI) 

2.5-6.8 and 9.2-21.7 respectively). Other risk 

factors as residence, gender and 

socioeconomic status were not significant 

predictors for non sero-protection. 

Four weeks after receiving the booster 

dose, 288 out of 315 children (91.4%) of 

children with non- sero-protective level 

developed anamnestic response (anti-HBs 

level ≥ 10 IU/L). The GMT of post booster 

anti-HBs concentration in children increases 

significantly (189.4 ± 12.3 IU/L) compared to 

pre booster (6.1± 34.9 IU/L), (P < 0.001). 

Table (4) shows that 98.1% of children with 

pre-booster anti-HBs level > 3.3 IU/L 

developed anamnestic response compared 

88.2 % of those with lower pre-booster level, 

P<0.0001. GMT post-booster anti-HBs also 

showed a high significant increase among 

children with pre-booster anti-HBs level > 3.3 

IU/L compared to those with lower level, P < 

0.0001. Table (5) shows that, GMT of anti 

HBs and the percentage of anamnestic 

response were significantly higher among 

children aged ≤ 10 years compared to older 

children, P< 0.001. As regard studied areas, 

GMT was significantly lower in villages in 

Belkas and Sinbelawain villagescompared to 

other areas P<0.001. There was no significant 

difference as regard gender (P>0.05).  

Multivariate logistic analysis revealed that 

pre-booster anti-HBs level ≤ 3.3 IU/L was the 

only significant predictor variable for non 

responder to booster dose, with adjusted odds 

ratio 6.6 (95%CI 1.5 - 28.4), P < 0.05. Other 

risk factors as age, different studied areas, 

gender and socioeconomic status were not 

significant predictors for un-response to 

booster dose. 

Table 4. Anti HBs anamnestic response to a booster vaccination dose in children and adolescents from Dakahleya 
Governorate 

Pre-booster 
anti-HBs titers 

(IU/L) 

Total 
children 

n(%) 

Post-booster anti-HBs titers (IU/L) GMT ± SD 

<10 

n (%) 

10-99 

n (%) 

100 - 999 

n (%) 

≥1000 

n (%) 
 

≤ 3.3 212 (67.3) 25 (11.8) 37 (17.5) 108 (50.9) 42 (19.8) 111.1±15.9 

>3.3-<10 103 (32.7) 2 (1.9) 3 (2.9) 45 (43.7) 53 (51.4) 567.8±3.7 

Total 315 27 (8.6) 40 (12.7) 153 (48.6) 95 (30.2)  

P value   0.0001
a
   0.0001

b
 

GMT: geometric mean titer 
a 
Chi-square test for overall distribution between prebooster and postbooster titers.

 
 

b
P value for t test         

 

. P<0.05 is significant.
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Table 5. Anti HBs anamnestic response to a booster vaccination dose according to age and sex and residence in 
children and adolescents from Dakahleya Governorate  

Variable GMT±SD 
Post- booster anti HBs IU/L 

<10 n (%) 10-99 n (%) ≥ 100 n (%) 

Gender 

Boys 220.4 ± 13.4 13 (8.1) 14 (8.7) 134 (83.2) 

Girls 161.7 ± 11.2 14 (9.1) 26 (16.9) 114 (74.0) 

P value NS
a
 NS

b
 

Age     

≤ 10 years (n=74) 479.6 ±4.7 2 (2.7) 3(4.1) 69(93.2) 

>10 (n=239) 141.3 ±14.7 25(10.4) 37(15.3) 179(74.3) 

P value 0.001
a
 0.002

b
 

Residence     

Mansoura City 348.5 ± 7.5 2(3.3) 5 (8.3) 53(88.4) 

Meniet-ElNasr City 369.9 ± 3.1 0(0.0) 10 (13.2) 66(86.8) 

Belkas 81.8 ± 23.9 9(19.5)
b
 5(10.9) 32(69.6) 

Talkha 247.4 ± 9.6 5 (7.9) 7 (11.1) 51(81.0) 

Sinbelawain 74.16 ± 25.3 11(15.7)
b
 13 (18.6) 46(65.7) 

P value 0.002
c
 < 0.001

b
 

a: P value for t test  

b: P value for chi square 

c: P value for ANOVA  

GMT: geometric mean titer  

P>0.05 is not significant (NS). 

 

Discussion 

A dramatic reduction in pediatric HBV 

infection prevalence has been observed in 

countries where global immunization 

programs have been implemented (WHO, 

2000; Paganelli et al., 2012; Wait & Chen, 

2012). Egypt adopted the global strategy for 

control of HBV by implementing of HB 

vaccination through EPI in October, 1992 

(Reda et al., 2003). 

It was estimated that the duration of 

protection was at least 15 years in those who 

had received complete series of primary HB 

vaccination (WHO. 2005). Induced anti-HBs 

titers by HB vaccine wane with time (Boxall 

et al., 2004; McMahon et al., 2005). The 

present study revealed that the sero-protection 

rate was 57.7% among fully immunized 

children with recombinant HBV vaccine 

during infancy. 

In the current study, four children 

developed breakthrough infection (4/902, 

0.4%) and one of them was positive for 

HBsAg. Higher prevalence was reported by 

Reda et al. (2003) in Alexandria who found 

that the rate of HBsAg positivity, 5 years after 

full course of vaccination was 0.8%. 

The present study showed that 88.6% of 

the children <5 years had a sero-protective 

level of HBs antibody. Similar results were 
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reported in Germany, where 85.3% of 

subjects at 4-5 years of age, had persisting 

anti-HBs antibody concentrations ≥ 10 IU/L 

(Steiner et al., 2010). However, in Egypt, a 

lower rate was reported by El-Sawy and 

Mohamed (1999) who found that only 53.3% 

of children < 5 years of age had sero-

protective level of anti-HBs antibody. In 

addition, Zanetti et al. (2010), found that 5 

years after primary vaccination, 59.0% of the 

children had an anti-HBs titre ≥10 IU/L 

(where 57.2% had anti-HBs 10-100 IU/L, 

38.9% had level >100-1000 IU/L, 3.9% had 

level >1000 IU/L) 5 years after primary 

vaccination. In a recent study in Egypt, 

Abushady et al., (2011) found that after HB 

vaccination, 65% of children aged 2-4 years, 

and 20.5 % of those aged 4-13 years, had 

good seroprotective level of anti-HBs. Poor 

responders were 28%, and 59.5% and non-

responders were 7%, and 20% respectively. 

In the present study, for the age group 5-10 

years, 66.1% of children retained sero-

protective level of antibodies. Nearly similar 

results (almost 70%) were reported in Spain 

and Iran (Garcia liop et al., 2001; Behjati et 

al., 2002). However, in 2007 higher levels 

(above 80%) were reported by other Iranian 

studies (Hassan & Ziba, 2007; Mahyar, 2007). 

On the other hand, lower levels of sero-

protection (59%) were reported among Italian 

children 5 years after vaccination (Zanetti et 

al., 2012). Moreover, only 15% - 30% of 

immunized Alaskian children within the same 

age group had sero-protective level of anti-

HBs (Samandari et al., 2007). In a high 

endemic region, as Thailand, the proportion of 

subjects with anti-HBs concentrations ≥10 

IU/L was 90.9% at the end of the 7-year study 

and at least 60.9% at the end of the 10-year 

follow-up study (Poovorawan et al., 2008). 

However, these differences between the 

results can be attributed to the difference in 

the schedule of vaccination, type of the 

vaccine and the endemecity of HBV in the 

country. 

The present study revealed that the sero-

protection rate and GMT decrease 

significantly with the age of children. The 

proportion of protected children were 

significantly higher among children aged < 5 

years (88.6%) compared to children aged 

from 5-10 years (66.1%) and those aged >10 

years (35.2%) (P< 0.001). Comparing the risk 

of non sero-protective level among children< 

5 years with those aged 5-10 years and >10 

years it was 4.2 (95% CI 2.6-6.9) and 14.7 

(95% CI 9.6-22.7) respectively. While 

comparing children aged from 5-10 years with 

those > 10 years, the risk was 3.5 (95% CI 

2.4-5.0). The GMT of the anti-HBs decreases 

significantly among the three age groups as 

age increased (GMT 63.5±7.4, 13.6±20.9, 

1.0±34.0 respectively, P < 0.001). This is 

comparable with the findings of an Egyptian 

study of Shaaban et al., (2007) who assessed 

the long-term immunity to hepatitis B among 

242 Egyptian children aged 6-12 years who 

had received a full vaccination course in 

infancy, and investigated the factors 

associated with immunity. They found that 

only 39.4% of the children had protective ≥10 

mlU/ml anti-HBs and a significant negative 

correlation was also found between the 

current age and anti-HBs levels (r = -0.31, P = 

0.041). 

These results also corroborate with the 

findings reported by previous studies that 

indicate that anti-HBs concentrations decline 

over time (Boxall et al., 2004; Petersen et al., 

2004; Dentinger et al., 2005; Yazdanpanah et 

al., 2010). Gradual waning of anti-HBs over 

time was also observed among vaccinated 

individuals in Taiwan. The anti-HBs sero-

positivity rate decreased from 99% at 1 year 

to 83% at 5 years, 71.1% at 7 years, 37.4% at 

12 years, and 37% at 15-17 years (Kao et al., 

2009). Lower GMT among older children 
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might be explained by the increase in time 

span after primary series.  

Most studies reported no gender 

differences among the sero-protective rate to 

HBV vaccine (Perera et al., 2002, Hammitt et 

al., 2007; Yazdanpanah et al., 2010). 

Similarly, the current study found that the 

sero-protection rates showed no statistical 

difference among boys and girls (58.3% & 

56.0% respectively) (P>0.05, odds ratio 1.0 

with 95% CI 0.7-1.2). While the anti-HBs 

GMT among the studied boys and girls were 

6.3 ± 30.1& 5.8 ± 41.1 respectively (P> 0.05), 

the mean antibody titer among girls was 

reported by some studies to be significantly 

higher than among boys (Gold et al., 2003; 

Hassan & Ziba 2007; Yazdanpanah et al., 

2010).  

Immune memory does persist in children 

with anti-HBs <10 IU/L confirming that 

immunological memory for HBsAg can 

outlast the presence of antibodies. Responses 

to a booster dose are consistent with the 

induction of immune memory against future 

HBV infection, and were observed regardless 

of the pre-booster anti-HBs concentration 

(Zanetti, 2012). In the present study, 91.4% of 

children with non sero-protective level 

developed an anamnestic response one month 

after booster dose where 78.8% of them 

developed good response (anti-HBs>100 

IU/L). The anti-HBs GMT concentration 

increased significantly (approximately 30 

times) from 6.1±34.9 IU/L pre - booster to 

189.4 ± 12.3 IU/L post- booster (P<0.001). 

This is in accordance to Shouval, (2003) who 

emphasized that anti HBs level tends to fall 

with time, but primed immune memory will 

respond to challenge with wild-type virus as 

well as to booster inoculation with HBsAg 

through an anamnestic anti-HBs response. 

Similarly, Yazdanpanah et al., (2010) 

found that more than half of children exposed 

to a booster dose showed good anamnestic 

response. The excellent short-term response to 

boosting suggests that immunological 

memory is well maintained (Banatvala et al., 

2000). A randomized, controlled multicentre 

study conducted in Italy (low/intermediate 

endemic region) revealed that, after five years 

of the initial vaccination, 92.5% of children 

whose anti-HBs were <10 IU/L developed an 

anamnestic response after booster dose 

(Zanetti et al., 2010). Another study in Italy, 

85% of children aged 4–7 years with anti-HBs 

<10 IU/L developed anamnestic response 

after booster dose (Zanetti et al., 2012). In 

study conducted between 11 and 20 years 

after HBV vaccination in infancy, 10%- 15% 

of individuals with anti-HBs concentrations 

<10IU/L failed to develop anamnestic 

response after the booster dose (Zinke et al., 

2009). Similarly, in the current study, 10.5% 

of children aged > 10-15 years, failed to 

develop anamnestic response after the booster 

dose. In, Alaska similar results were also 

reported by Samandari et al., (2007).  

In the present study, 98.1% of children 

with pre-booster anti-HBs level > 3.3 IU/L 

developed anamnestic response compared to 

88.2% of those with lower level, P < 0.0001. 

Multivariate logistic analysis revealed that 

pre-booster anti-HBs level < 3.3 IU/L was the 

only significant predictor variable for non 

responder to booster dose, with adjusted odds 

ratio 6.6 (95% CI 1.5 - 28.4), P<0.05. 

Similarly, in Germany, Zinke et al., (2009) & 

Steiner, (2010) reported that about 95% of 

children developed anamnestic response and 

about only 83% of German children with 

undetectable antibodies (<3.3 IU/L), 

developed anamnestic response to the 

challenger dose. Wang & Lin (2007) found 

that 40% of the booster recipients who had 

undetectable levels of residual anti-HBs titers 

were poor or non-responder to a booster dose. 

They also stated that due to the lack of the 

initial response to primary infantile HB 

vaccination, subjects who did not respond to 

booster vaccination might be true non-
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responders or initial responders but had lost 

their immunological memory to HB vaccine. 

From the current study it can be concluded 

that in spite of the significant decline of levels 

of antibodies over time yet, about half of the 

studied children still have sero-protective 

levels of antibodies after primary compulsory 

vaccination. Moreover, the developed 

anamnestic response among children with 

non-seroprotective levels, confirms the 

persistence of immunological memory that 

can outlast the presence of protective levels of 

antibodies. Follow-up beyond 1 year post 

booster is recommended to ensure the 

persistence of the developed anamnestic 

response. 
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