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Abstract: The duration of hepatitis B vaccine (HBV) protection is controversial, hence the need for a

booster dose specially in context of high risk population. This research aimed to study the efficacy of

HBV vaccine in high risk children subjected to repeated blood transfusion 10-16 years post vaccination.

The study included 48 patients with hemato-oncological disorders treated in the onc-haematology centre,

at Mansoura university, Egypt, subjected to repeated blood transfusion. They were born after 1992 (year

of mandatory HBV vaccination for newborns in Egypt) and before 1998. The control group comprised

32 apparently healthy children with matched age and sex. All the children were subjected to blood testing

for hepatitis B surface antigen (HBsAg), and hepatitis B surface antibody (HBsAb) titre. The results

revealed that the percentage of cases having HBsAb titres below the protective level (<10 IU/L)  (39.6%)

was significantly higher than that of the control group (18.8%). While, the percentage of patients positive

for HBsAg (31.3%) did not differ significantly compared to the controls (18.8%). Within the cases, there

was no significant difference considering HBsAb titre (HBsAb <10 IU/L or $10 IU/L) between the

positive and negative HBsAg subjects. Also, the presence or absence of protective level of HBsAb titre

could not be attributed to the frequency of blood transfusion in the included cases. Thus, the present study

concluded that high risk groups of children with repeated blood transfusion are significantly risky for HBV

infection secondary to loss of HBsAb protective titre. Thus, booster dose to this group should be

considered.
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INTRODUCTION

Hepatitis B remains a major healthcare problem

worldwide. It is estimated that 350 million people are

chronically infected, and 500,000 to 1 million die each

year . Globally, most HBV-related deaths result from[1]

the chronic sequels of infection acquired in the

perinatal and early childhood periods . Transmission of[2]

HBV can occur percutaneously, sexually, perinatally,

through blood transfusion and organ trans-plantation.

High-risk groups for HBV infection include healthcare

workers, intravenous drug users, homosexuals,

promiscuous heterosexuals, hemophilics, thalassemics,

or renal failure patients due to frequent blood

transfusions . [3]

The strategy for the control of hepatitis B virus

(HBV) infection, as outlined by the World Health

Organization (WHO) and endorsed by the Advisory

Committee on Immunization Practices (ACIP), is the

introduction of hepatitis B immunization at birth .[4]

Inclusion of HBV vaccine into national infant

immunization programs could prevent more than 80%

of HBV-related deaths . Available vaccines are[2]

prepared from the non-infectious outer surface of the

virus surface antigen (HBsAg), the plasma derived and

the recombinant are equally effective and safe . [5]

In Egypt, active immunization with one of the

recombinant HBsAg vaccines is delivered as a three-

dose series at 0, 1, and 6 months. Three doses induce

a protective response ( $  10 IU/L anti-HBs) in more

then 90% of healthy adults and children . Non[6]

responders have peak anti HBs of less than 10 IU/L

and lack protection. Low responders have peak anti-

HBs levels of 10-100 IU/L and generally lack

detectable anti-HBs levels within 5-7 years and they

may respond to a further booster of double the dose of

the vaccine. Good responders have peak anti-HBs >100

IU/L and usually have long term immunity . [5]

The duration of hepatitis B vaccine protection is

controversial; where Kenneth et al  stated that it will[7]
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be very important to follow children into adolescence

and early adulthood for evidence of clinically

significant breakthrough infections indicating a possible

need for routine booster doses. Chang et al  found[8]

that after universal HBV vaccination, HBV surface

gene variants emerge or are selected under the immune

pressure generated by the host or by administration of

hepatitis B immune globulin and hepatitis B

vaccination. El-Sawy and Mohamed  recommended[9]

booster inoculations for all previously vaccinated

children. On the other hand Abramowicz and

Twinrix  stated that post-vaccination protection[10]

persists for at least 9 years with more than 50% of the

vaccinated persons, despite the decline of hepatitis B

surface antibody levels (HBsAb) below 10 IU/L. This

was supported by Zanneti et al , they found that[11]

strong immunological memory persists for more than

10 years after immunization of infants and adolescents

with a primary course of vaccination and booster doses

of vaccine do not seem necessary to ensure long-term

protection. Koltan et al  concluded that in children[12]

with cancer vaccinated against HBV according to the

vaccination schedule, the immune response maintains

a protective level of anti-HBs in more than 60% of

cases, despite immuno-suppression. However, a booster

dose should be considered at 5-7 years after the initial

course if the subject is still being exposed to hepatitis

B . However, Petersen et al  recommended that long[13] [14]

term studies of infants are needed to determine the

duration of protection and the necessity for and timing

of booster doses. 

Subjects and Methodology:

Subjects: A cross-sectional study conducted in the

period between 19/11/2008 to 18/12/2008 in the

pediatric hematology oncology department, at the

Mansourah hospital university, Faculty of Medicine,

Mansourah University, Egypt. 

Patients submitted to this study were all patients

carrying benign hematological diseases or hematological

oncological disorders justifying blood components

transfusion in the form of packed RBCs. The selected

patients were all born after the year 1992; the year of

obligatory HBV vaccination for newborns in Egypt,

and before the year 1998 to assure that the period

since vaccination is not less than 10 years. 

After obtaining a written consent from the

parent(s), 48 patients 28 males and 20 females with an

age range of 10-16 years were subjected to full

medical history, thorough medical examination, specific

investigations in the form of HBsAg and HBsAb. 

Methods: The viral profile analysis was undertaken by

the clinical pathology laboratory in the National

research Center. The laboratory technique was done

after blood sampling of 5 ml blood undergoing

centrifuge to 5000 RPM with collected serum analyzed

the same day or at most the following day after a

period less than 24 hour as follows:

- Hepatitis B Surface Antigen (HBsAg): Enzyme

immunoassay procedure for determination of Hepatitis

B surface antigen in human serum. Liaison® HBsAg

(code 310100).Liaison ® HBsAg negative and positive

controls (code 310101), produced by DiaSorin

S.p.A.Strada per Crescentino-13040 Saluggia (Vercelli)-

Italy.

Principle of the procedure: The HBsAg test is an

in vitro neutralization assay for detection of the

presence of HBsAg in human serum and plasma

samples. The HBsAg test is based on the principle of

neutralization of binding activity. A neutralizing reagent

containing human antibodies to HBsAg is added to one

aliquot of each specimen (neutralized aliquot). As a

control procedure, anti–HBs negative human serum is

added to the other aliquot (non-neutralized aliquot). If

the neutralizing reagent has been added to a sample

containing HBsAg forming an antigen-antibody

complex. If the neutralizing reagent has been added to

a sample containing an interfering substance, the

antibodies in the neutralizing reagent will not bind to

the interfering substance. In the confirmation procedure,

each sample is incubated in a solid matrix coated with

mouse monoclonal antibodies to HBsAg. Next the

antibody conjugate from the screening kit, which

contains sheep antibodies to HBsAg ,is added. If an

antibody –antigen –antibody complex is present , the

antibody conjugate will bind to the complex only

partially. If an antibody-interfering substance complex

is present, the antibody conjugate will bind non-

specifically to the interfering substance. If the signal of

the neutralized aliquot is significantly lower than the

signal of the non-neutraized aliquot, the presence of

HBsAg in the sample is confirmed.

- Antibodies to Hepatitis B Surface Antigen

(HbsAb): Enzyme Immunoassay procedure for

quantitative determination of antibodies to hepatitis B

surface antigen (anti-HBs) in human serum or plasma

samples.ETI-AB-AUK-3 (P001603) produced by

DiaSorin S.p.A.13040 Saluggia (Vercelli)-Italy.

Principle of the procedure: The method for the

quantitative HBsAb determination is a direct, non-

competitive sandwich assay. The presence of HBsAb

allows the enzyme tracer to bind to the solid phase.

The enzyme activity is therefore proportional to the

concentration of HBsAb present in samples or

calibrators. Enzyme activity is measured by adding a

colourless chromogen/substrate solution. The enzyme

action on chromogen/substrate produces a colour which
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is measured with a photometer.

Calculation of results: Record the absorbance at

450/630nm and for each calibrator and specimen, and

subtract the 630 nm absorbance value from the 450 nm

absorbance values for all calibrators and samples.

Interpolation of results: Plot in log-log coordinates

the absorbance value at 450/630nm for each calibrator

on the ordinate (y axis) as a function of the

concentration of HBsAb expressed as IU/L on the (x

axis). A calibration curve is thus obtained. Directly

from the calibration curve, read the HBsAb

concentration of each sample expressed as IU/L. If the

sample was diluted, the concentration value derived

from the diluted specimen must be multiplied by the

dilution factor. It is generally accepted that an HBsAb

concentration above 10 IU/L is indicative of either.

Statistical M ethods: The collected data was

statistically analyzed using SPSS software, version

14.0 . Independent t-test was used for comparison[15]

between the quantitative data of two groups. Mann-

whitney test was used as a non-parametric test for the

skewness data. Chi-square was used for comparison

between the qualitative data. The significance level was

considered at P-value < 0.05.

Results: Table 1, illustrates the demographic data of

the included children of the two examined groups.

Table 1: Demographic data of the two examined groups

Age CASES (48) CONTROLS (32)

X±SD X±SD

Total children 10.1±3.2 9.2±2.1

Fem ales 10.4±3.8 9.5±2.4

M ales 10.0±2.6 9.0±2.0

Gender No. (%) No. (%)

Females 21 (43.8) 8 (25)

M ales 27 (56.3) 24 (75)

Table 2, showed no significant difference between

the two groups regarding HBsAg. While, the percent of

cases with  HBsAb titre < 10 IU/L was significantly

higher compared to their controls.

Within the high risk group, we compared  positive

and negative cases to HBsAg as regards the protective

level of HBsAb $10 IU/L, where we found no

statistical significant difference between the HBsAb

titre of the positive and negative HBsAg, cases as

shown in table 3.

Moreover, there was no significant difference

between positive and negative HBsAg cases as regards

the frequency of blood transfusion (Figure 2).

We did not find any relationship between the

frequency of blood transfusion and the protective level

of HBsAb ($ 10IU/L) within the high risk group of

children, as shown in Fig.

Discussion: Long-term follow-up of vaccinated children

confirmed that universal HBV vaccination in infancy

has produced adequate protection up to 14 years of

age. Yet, the annual decay rate of hepatitis B surface

antibody (anti-HBs) was 10.2% in children who did not

receive a booster dose . The protective level of[16]

HBsAb in patients treated for neoplastic diseases has

dropped from 80.5% at 3 months after end of

vaccination program to 78.6% after 18 months of the

end of the program . Thus, the matter of boosting[12]

after 7-10 years remains questionable, especially in

high risk groups as there was a great variation between

studies that showed high persistence of HBsAb, as the

study carried by Wu et al  on high risk infants[17]

showed that, at 10 years, the cumulative persistence of

antibody to hepatitis B surface antigen (HBsAb) was

85%, and the cumulative incidence of HBV infection

was 15%. In another study, Dentico and his

colleagues  showed that the sero-conversion in[18]

vaccinated thalassemics reached 80% after 6 years of

vaccination. Other studies showed a low persistence of

the protective titre in haemodialysis patients that

revealed a sero-prevalence rate of 38% 10 years after

vaccination . [19]

In the present study, after 12-16 years of

vaccination 60.4% of the high risk group children

subjected to repeated blood transfusion due to different

diseases (Thalassemia, sickle cell anaemia, leukaemia)

had a protective level of HBsAb ($10 IU/L). This was

significantly lower than that within the control healthy

vaccinated children of the matched age, as the 81.3%

control group with had protective level of HBsAb ($10

IU/L). This could be attributed to the fact that over

50% of the high risk group included in the present

study (cases) were cases of thalassemia followed by

sickle cell anemia and leukemia. Thalassemics cases

proved to have some alteration in the immune system

as a consequence of iron overload . Moreover, Hord[20]

et al  found that, the sero-conversion rate was found[2 1 ]

to be lower in children with sickle cell disease than

that in the general population, which was also

supported by Keating and Nobel  who found that the[22]

immunogenicity of Hep-B(Eng) was reduced in patients

with conditions associated with impaired immune

function as patients undergoing haemodialysis or being

treated for malignancy. 

On the other hand Froutan-Pishbijari et al  found[20]

that the protective HBsAb level in thalassemic patients

was not significantly different from the healthy

subjects, but, it was not a long term evaluation as it

was a post vaccination evaluation. In the long term

evaluation, McMahon and his colleagues  found that[23]

the levels of anti-HBs in the cohort decreased from a

geometric  mean  concentration of 822 mIU/mL after
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Fig. 1: Showed the percent of the different blood diseases in the examined cases. The most frequent cases was

â-thalassemia (52.1%) followed by sickle cell anemia and leukemia cases (8.3% of both).

Table 2: Comparing cases and controls as regards HBsAg and HbsAb

 CASES CONTROLS Chi-square

(48) (32)

No. (%) No. (%) ÷ P-value2

HBsAg 1.55 NS

Positive 15 (31.3) 6 (18.8)

HBsAb 3.879 P< 0.05

$10 IU/L 29 (60.4) 26 (81.3)

< 10 IU/L 19 (39.6) 6 (18.8)

Table 3: Comparing of the HBsAb titre between HBsAg positive and negative cases

HBsAg Negative Positive Chi-square

No.  (%) No. (%) c P-value2

HBsAb $  10 IU/L 19 (57.6) 10 (66.7) 0.356 NS

HBsAb < 10 IU/L 14 (42.4) 5 (33.3)

Fig. 2: Comparison of the frequency of blood transfusion betweenpositive and negative HbsAg in children with

blood diseases. 
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Fig. 3: Relationship between the HBsAb and the number of blood transfusion (week) in the diseased children

vaccination to 27 mIU/mL at 15 years. The present

study revealed that after 10-16 years of HBV

vaccination, 39.6% of the high risk children (cases) had

HBsAb below the protective level (< 10 IU/L)

compared to 18.8% in the control group, with

significant difference. 

In the present study, 31.3% of the high risk group

was positive to HBsAg, but, was not significantly

different  compared  to the healthy controls (18.8%).

We could not attribute the infectivity within the high

risk group to the low protective level of HBsAb, as

there was no significance difference between the

percentage of the cases with HBsAb $10 IU/L and

HBsAb <10 IU/L as regards positively of HBsAg. The

same result was support by Singh et al  who found[24]

that the frequency of HBV infection in â-thalassemic

patients was similar in vaccine responders and non-

responders, where they found a number of mutations in

the S gene, which could have implications for viral

replication as well as virus-host cell interaction. 

In fact, HBV surface gene variants are emerged or

selected under the immune pressure generated by the

host or by administration of hepatitis B vaccination.

The appearance of Hepatitis B surface gene mutants in

DNA HBV positive children has been confirmed, and

gradually increased from 7.8% before vaccination to

23.1% 15 years later . On the contrary an Iranian[25]

study  on high risk group vaccinated infants showed[26]

that infants born to hepatitis B infected mothers had

HBsAg positive detected in 14.3% of children in the

high risk group versus 0% in the unexposed group. It

has been reported that in addition to the sero-

conversion level, infection rate is also important in the

evaluation of the effectiveness of vaccination . [27]

The present work tried to find a relationship

between the frequency of blood transfusion and the

susceptibility to infection in high risk children, but, we

could not attribute positive HBsAg neither to the low

HBsAb titre nor to the frequency of blood transfusion.

This contradicts with the results of Singh et al ,  that[24]

found that the prevalence of serological markers

increased with the number of blood transfusions. 

The present study concluded that the efficacy of

HBV vaccine after 10-16 years of vaccination in high

risk groups of children with repeated blood transfusion

proved to become significantly risky for HBV infection

secondary to loss of HBsAb protective titre. Thus,

booster dose of Hepatitis B vaccine to high risk groups

is recommended, together with continuous monitoring

of the HBsAb titre to determine the suitable time for

boosting. Also, further epidemiologic studies on a

larger scale of population especially is recommended,

as the present study was a preliminary study.
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