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Background: Long term immunity of Hepatitis B vaccine, the first vaccine to prevent 

cancer is a debate. Objective: to assess anti-HBs level in previously vaccinated Health 

Care Workers (HCWs) and Medical Students (MS). Also, determine the effect of a 

booster dose on humoral and cell mediated immunity in non seroprotected subjects. 

Methodology: A cross sectional study included 120 vaccinated HCWs and MS. HBsAg, 

Anti-HBs level and Interferon γ (IFN-γ) were assessed. Anti-HBs and Interferon γ (IFN-

γ) levels were reassessed after a booster dose to non seroprotected subjects. Results: 

90% of HCWs and 23.3% of MS were seroprotected. Boosted HCWs and MS showed 

significant increase in Geometric Mean Titer (GMT) of anti-HBs level (P=0.028, 

P<0.001 respectively), while IFN-γ mean concentration level (MCL) increased 

significantly in MS group only (P=0.01). Conclusion: AntiHBs level decreases 

significantly over time. Long term memory was found to be still intact after a booster 

dose.  

 
INTRODUCTION 

 

Hepatitis B virus (HBV) infection is a major public 

health problem worldwide and health occupational 

hazard.
 
It is estimated that 2 billion people worldwide 

have evidence of past or present infection with HBV, 

and 258 million are chronic carriers of HBsAg.  Chronic 

HBV infection may cause progressive liver fibrosis, 

leading to cirrhosis with end-stage liver disease, and a 

markedly increased risk of hepatocellular carcinoma 

(HCC). 
1
  

Vaccination is the most effective measure to reduce 

the global incidence of HBV.
2
 After three intramuscular 

doses of hepatitis B (HB) vaccine, more than 90% of 

healthy adults and more than 95% of infants, children, 

and adolescents develop adequate antibody responses. 

The level of anti-HBs of 10 mIU/mL is considered to 

indicate a protective level of immunity. The vaccination 

schedule includes 3 doses, where the first two doses are 

separated by no less than 4 weeks, the third dose must 

be administered at least 8 weeks after the second dose, 

and at least 16 weeks after the first dose. 
3 

Vaccination 

against HBV was integrated in the expanded program of 

immunization for children in late 1992. According to 

WHO global immunization data, HB vaccine for infants 

had been introduced nationwide in 186 countries by the 

end of 2015. In addition, 101 countries introduced one 

dose of HB vaccine to newborns within the first 24 

hours of life. 
4
  

The risk of acquiring HBV infection among the 

health care workers (HCWs) is about 10 times higher 

than other groups.
  
It was estimated that 5.9% of HCWs 

worldwide are exposed to HBV annually. Persons 

beginning employment or training in health care 

professions are typically required to prove immunity 

against HBV infection. 
5
 
 

  
Long-term protection by HB vaccination is 

dependent on the persistence of strong immunologic 

memory. However, the most important question is how 

long the protection lasts. Many studies intend to 

determine HBsAg specific T-cell memory, particularly 

in vaccine recipients whose serum anti-HBs is less than 

protective, to make an optimal policy of booster 

vaccination. 
6,7

  

The aim of this study was to determine the 

prevalence of protective anti-HBs level in HBV 

vaccinees among HCWs and Medical students (MS). 

Also, to uncover the effect of a booster dose of 

recombinant HBsAg vaccine in subjects with non 

protective anti-HBs level with estimation of Interferon 

gamma (IFN-γ) response in the same group. 

 

METHODOLOGY 
 

Subjects and Methods 

Ethical approval: 

The study was approved by Medical Research Ethics 

Committee of AFM. Objectives of the study, 

procedures, types of information to be obtained, and 

publication were explained to participants. An informed 

written consent was obtained from each participant 
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regarding participation in the study and receiving a 

booster dose if needed.  

Study Subjects 

A cross sectional study was carried out during the 

period of April 2016 to December 2017. The study 

included two groups; Group I Sixty HCWs who 

previously received 3 doses of recombinant HB vaccine 

(at 0,1,6 months) as proven by providing their 

occupational health record. The group was subdivided 

into 2 subgroups; subgroup Ia (<5 years from third 

vaccine dose) and subgroup Ib (≥5 years from third 

vaccine dose). Group II included 60 MS born between 

1995 and 1996 and were fully vaccinated by the 3 

compulsory HB vaccine doses at 2,4,6 months of age as 

proven by providing their national compulsory 

vaccination certificate. Exclusion criteria included 

subjects who didn’t complete the 3 doses of the vaccine, 

subjects with history of chronic illnesses or history of 

symptomatic clinical hepatitis, subjects with immune 

disorders or on prolonged therapy with 

immunosuppressive drugs. 

Detailed questionnaire 

All participants were interviewed with a pre-

designed questionnaire covering age, place of birth, 

history of allergy to the vaccine, occupational and 

medical history.  

Methods 

Stage 1 

A venous blood sample (3-5 mL) was withdrawn 

from each subject aseptically and serum was separated 

by centrifugation, aliquoted into three labeled sterile 

eppendorf tubes and stored at -70℃ till processing.  

Detection of HBsAg  

All serum samples were tested for HBsAg to 

exclude HBsAg positivity. Qualitative detection of 

HBsAg was carried out using (Dialab® Double 

antibody sandwich ELISA for the cut-off determination 

of HBsAg in human serum or plasma, Austria). 
8
 

Detection and quantification of anti-HBs titer  

Quantitative estimation of anti-HBs was done for 

participants using (WANTAI® anti-HBs ELISA 

(Quantitative), Beijing). 
9
 Plotted in log–log graphic 

coordinates, the anti-HBs concentration in mIU/ml of 

each sample was derived from its absorbance using the 

calibration curve. 

Detection and quantification of interferon gamma 

level  

For subjects showing anti-HBs level <10 mIU/ml, 

quantitative detection of IFN-γ in serum samples was 

done using ELISA technique (eBioscience® BMS228 

human IFN-γ, Austria). 
10

 Plotted in linear graphic 

coordinates, the concentration in pg/ml of each sample 

was derived from its absorbance using the calibration 

curve. 

 

Stage 2 

For subjects having anti-HBs below protective level, 

a booster dose of recombinant HB vaccine (r-DNA), 

manufactured by Serum institute of India PVT. LTD 

was administered. 

Detection and quantification of anti-HBs titer  

Serum levels of anti-HBs were checked again 4 weeks 

after the HB vaccine booster.  

Detection and quantification of interferon gamma 

level  

Serum levels of IFN-γ were checked again 4 weeks 

after the HB vaccine booster.  

Statistical analysis  

Data entry and statistical analysis were done using 

SPSS software program version 24.0. 
11

 Anti-HBs 

Geometric Mean Titer (GMT) was calculated to 

estimate the central tendency of anti-HBs level in 

consideration to its skewed distribution. Fisher’s Exact 

and Monte Carlo tests were performed for qualitative 

data. For comparison between two means, Mann-

Whitney U test was used. Wilcoxon Signed Ranks test 

was used for comparison of means of anti-HBs and 

interferon gamma before and after HB vaccine booster 

dose.  P < 0.05 was considered statistically significant 

and P < 0.01 was considered statistically highly 

significant. 

 

RESULTS 
 

Demographic data 

A total of 120 subjects were enrolled in the study 

and were divided into 2 groups. Group I included 60 

HCWs aged 21-58 years with mean age of 32.95±8.73 

years. They were 20 nurses, 31 physicians (7 

gynecologists, 7 microbiologists, 5 pulmonologists, 3 

orthopedists, 3 clinical pathologists, 3 endocrinologists, 

one dermatologist, one nephrologist, one house officer), 

5 lab technicians and 4 hospital workers. Male vs 

Female percentage was 26.7% vs 73.3%. Group II 

included 60 MS aged 20 years. Male vs Female 

percentage was 43% vs 57%. 

HBsAg testing 

All study subjects in both groups were HBsAg 

negative.  

Initial Anti-HBs in Group I 

Out of Group I (n=60), 10% (n=6) had initial anti-

HBs<10 mIU/ml, 25% (n=15) between 10-99mIU/mL, 

50% (n=30) between 100-1000mIU/mL and 15% (n=9) 

>1000mIU/ml.  Analysis revealed 3.3% (1/30) of 

Subgroup Ia and 16.7% (5/30) of Subgroup Ib had anti-

HBs < 10 mIU/ml. GMT of initial anti-HBs was 

280.9±5.69 mIU/ml in Subgroup Ia vs 68.08±8.1 

mIU/ml in Subgroup Ib. The difference was statistically 

significant (P=0.002). Table (1). 
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Table 1: Distribution of Group I HCWs according to different levels of initial anti HBs  

* Subgroup Ia: HCWs <5 years from third vaccine dose 
† Subgroup Ib: HCWs ≥5 years from third vaccine dose 
‡ GMT±SD: Geometric Mean Titer ± standard deviation 
§ Statistically significant p ≤ 0.05 

 

 

The relation between gender and initial anti-HBs 

level was assessed in Group I. GMT of initial anti-HBs 

was 179.87±9.26 among males vs 125.68 ±7.25 mIU/ml 

among females. The difference was statistically 

insignificant (Z=1.13, P=0.25).  

The Age range of 20-29 years at primary vaccination 

showed the highest percentage of seroprotection 

(97.4%) among all age groups. The relation between age 

at primary vaccination and initial anti-HBs level was 

statistically significant (P=0.044). Table (2). 

 

 

Table 2:  Distribution of Group I HCWs according to age at primary vaccination and initial anti HBs level  

Age at 1ry 

vaccination 

Anti HBs <10 mIU/ml Anti HBs ≥10 mIU/ml  Total Test of significance 

No  % No  % No  % 

10- 1 50% 1 50%  2 100% Monte Carlo test 

X
2
=8.441 

P=0.044* 

 

20- 1 2.6% 37 97.4%  38 100% 

30- 2 16.7% 10 83.3%  12 100% 

40-50 2 25% 6 75%   8 100% 
*Statistically significant at p ≤ 0.05 

 

 

Effect of a booster dose of HB vaccine in Group I 

After one booster dose of recombinant HB vaccine 

was administered to HCWs showing anti-HBs <10 

mIU/ml (n=6), one subject remained with anti HBs <10 

mIU/ml, and belonged to Subgroup Ia. The other 5 

subjects who became seroprotected belonged to 

Subgroup Ib. The GMT of anti-HBs among boosted 

subjects increased from 1.64± 3.29 to 186.95± 21.42 

mIU/ml. This increase was statistically significant 

(P=0.028). Table (3) 

IFN-γ level was estimated just before and 4 weeks 

after booster dose injection. The Mean Concentration 

Level (MCL) of IFN-γ increased from 23.35 ± 18.75 to 

28.04 ± 26.38 pg/ml. The difference was statistically 

insignificant (P=0.225). Table (3)

 

 

Table 3: Effect of a booster dose of recombinant HB vaccine on anti HBs and Interferon γ levels of boosted 

Group I subjects (n=6).  

 Anti HBs level (mIU/ml) Interferon γ level (pg/ml) 

Before 

booster dose 

After booster 

dose 

Test of 

significance 
Wilcoxon 

Signed Ranks 

test 

P=0.028* 

Before 

booster dose 

After 

booster dose 

Test of 

significance 
Wilcoxon Signed 

Ranks test 

P=0.225 

Minimum-

Maximum 

0.2 - 5.8 0.5 - >1000 14.33-61.51 13.42-81.27 

GMT ± SD 1.64± 3.29 186.95±21.42 23.35±18.75 28.04±26.38 

Median 1.8    1000     15.9 18.47 
*Statistically significant at p ≤ 0.05 

 

Initial 

anti-HBs level (mIU/ml) 

Subgroup Ia Subgroup Ib Test of significance 

No. % No. % 

0- 1 3.3 5 16.7 Mann-Whitney U 

Z=3.14 

P=0.002* 
10- 5 16.7 10 33.3 

100- 17 56.7 13 43.3 

≥1000 7 23.3 2 6.7 

Total 30 100 30 100 

Minimum-Maximum 0.20 - >1000   1.30 - >1000  

GMT ± SD 280.9 ± 5.69    68.08 ± 8.1 

Median 509.7       97.75 
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Initial Anti-HBs in Group II 

Out of Group II subjects (n=60), 76.7% (n=46) had 

anti-HBs <10 mIU/ml, 20% (n=12) between 10-99 

mIU/ml and 3.3% (n=3) >100 mIU/ml. 

The relation between gender and initial anti-HBs 

was assessed in Group II. GMT of anti-HBs was 4.52± 

5.52 in males vs 2.42± 3.72 mIU/ml in females, which 

was statistically insignificant (Z=1.33, P=0.18).  

Effect of a booster dose of HB vaccine in Group II 

After one booster dose was administered to MS 

showing anti HBs <10 mIU/ml (n=46), only 2.2% (n=1) 

had anti HBs <10 mIU/ml. The GMT of anti-HBs 

among Group II boosted subjects increased from 1.66± 

2.55 to189.02± 2.93 mIU/ml. This increase was 

statistically significant (P<0.001). Table (4) 

The relation between gender and anti-HBs level after 

booster dose was assessed in Group II. All male subjects 

(17/17) had anti-HBs ≥ 10 mIU/ml after booster dose, 

while 3.4% of females (1/29) had anti-HBs <10 

mIU/ml. GMT of anti-HBs after booster was 229.7± 

1.99 mIU/ml among males vs 168.6± 3.48 mIU/ml 

among females. However, the difference was 

statistically insignificant (Z=1.27, P=0.20).  

IFN-γ level was estimated just before and 4 weeks 

after booster dose injection. The MCL increased from 

18.47 ± 10.58 to 22.84 ± 18.45pg/ml. The difference 

was statistically significant (P=0.01). Table (4) 

 

 

Table 4: Effect of a booster dose of recombinant HB vaccine on anti HBs and Interferon γ levels of boosted 

Group II subjects (n=46).  

 Anti HBs level (mIU/ml) Interferon γ level (pg/ml) 

Before 

booster 

dose 

After booster 

dose 

Test of 

significance 
Wilcoxon Signed 

Ranks test 

P<0.001* 

Before 

booster 

dose 

After 

booster 

dose 

Test of 

significance 
Wilcoxon 

Signed Ranks 

test 

P=0.01* 

Minimum-

Maximum 

0.3 – 7.8 2.2 - >1000 12.97-61.51 12.52-90.92 

GMT ± SD 1.66±2.55 189.02±2.93 18.47±10.58 22.84±18.45 

Median 1.95 253.55 14.78 17.04  

* Statistically significant at p ≤ 0.05 

 

 

Results of HBV vaccines immune status is summarized in flow chart figure. 

 

 
Fig. 1: Study HBV vacinees participants flow chart 
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DISCUSSION 
 

Post-immunization anti-HBs levels of > 10 mIU/mL 

defined seroprotection against HBV infection as well as 

against disease in immunocompetent people. Antibody 

persistence protects against infection while immune 

memory protects against disease (acute, chronic 

hepatitis or carrier state) even after anti-HBs waning.
 12

 

Post vaccination testing is recommended only for those 

who are at higher risk eg HCWs. An anti-HBs serologic 

test result of >10mIU/mL indicates immunity. No 

further routine doses or testing are indicated. If the 

result is <10 mIU/mL, the vaccine series should be 

repeated and repeat testing after 1–2 months. 
5
 
 
 

The present study was conducted to assess the 

current immune status among vaccinated HCWs and 

MS. Six HCWs (10%) had initial anti-HBs level <10 

mIU/ml. Similar findings (11.6%) were detected by 

Chaudhari S et al. 
13 

Higher percentages of non 

seroprotected HCWs were reported by Pavani K et al 

(2015) and Batra V et al (2015); (16.5% and 30% 

respectively) 
14,15

 
 
while Aminian O et al (2016) reported 

a lower percentage (5.6%).
16

 

We found that 3.3% of subgroup Ia (<5years from 

third dose) vs 16.7% of subgroup Ib (≥5years) had anti-

HBs level <10 mIU/ml. Similar findings were detected 

by Hussein M (2012) where 4% of HCWs vaccinated 

<5 years ago, showed anti-HBs < 10 mIU/ml.
 17

 El 

Sayed ZM et al reported 40.2% of HCWs were non 

seroprotected > 5 years of HB vaccination. 
18

 Chaudhari 

S et al, detected anti-HBs < 10 mIU/ml among 10.2% of 

HCWs vaccinated < 5 years ago and 14.8% of those 

vaccinated >5 years ago. 
13

 GMT of anti-HBs was 

significantly lower in subgroup Ib than Ia, indicating 

decline in antibody concentration with time. Similarly, 

Batra V et al reported significant difference between the 

mean anti-HBs titer of both subgroups. 
15

 

In the present study, there was no statistically 

significant relationship between initial anti-HBs level 

and sex among HCWs. This was consistent with 

Chaudhari et al 
13

 and El Bahnsy et al. 
19

 However, 

Pavani et al 
14

 and Zamani et al 
20

 reported significantly 

higher anti-HBs levels among female HCWs compared 

to males (P = 0.009, P = 0.0001). They claimed that 

male behavior such as smoking and certain genetic 

factors may be probable reasons. 

We found that HCWs primarily vaccinated at the 

age of 20-29 years showed the highest percentage of 

protective anti-HBs (97.4%) compared to other age 

groups. This was statistically significant (P=0.044). 

This was also reported by Chaudhari et al 
13

 and El 

Bahnasy et al 
19

 (92.8% and 68.7% respectively).  

After one booster dose was administered, only one 

HCW (1/6, 16.7%) still showed anti-HBs <10 mIU/ml. 

Similar results (16.6%) were reported by Lopes
 
et al.

21 
A 

lower percentage (12.8%) was detected by Joukar et 

al.
22

 

Immune status was also assessed among infantile 

compulsory vaccinated MS 20 years ago. Out of 60 

students, 23.3% (n=14) had anti-HBs ≥10 mIU/ml. 

Different follow up post vaccination results were 

detected by several studies in different countries, even 

in those with the same vaccination schedule and the 

same duration since primary vaccination. Salama I et al 
23, Jamebozorgi et al 24 and Ciampini et al 25 reported 

higher percentages (30.5%, 37% and 59.3% 

respectively) after 15-20 years from compulsory 

vaccination. A lower prevalence of seroprotection was 

detected by Eladawy et al 26 and Spradling et al 27 (8.9% 

and 14% respectively).  

In our study, there was no significant difference in 

initial anti-HBs level among MS as regards the sex. This 

was consistent with Salama et al
23

 and Dumaidi et al.
28

 

After one booster dose administration, only one MS 

(n=1/46, 2.2%) had anti HBs <10 mIU/ml. Similar 

result (2.9%) was detected by Jamebozorgi et al.23 

Higher percentages were detected by Ciampini et al 25 

and Spradling et al 27 (10% and 35.9% respectively). In 

relation between gender and anti-HBs among MS after 

booster dose, GMT of anti-HBs after booster dose was 

higher in males than females but the difference was 

statistically insignificant. Jamebozorgi et al 24 found 

higher GMT of anti-HBs in females as compared to 

males after booster, but the difference was also 

statistically insignificant. 

During recent years, several studies have attempted 

to detect and measure HBsAg-specific T cells and B-

cells immunologic responses among vaccinated 

individuals with different results. 
7
 Quantification of 

IFN-γ expression by T cells is a well-established test for 

assessing cell-mediated immune responses. Several 

IFN-γ detection methods have been developed. In vitro 

assays include the enzyme-linked immunosorbent assay 

(ELISA), ELISPOT assay and intracellular cytokine 

staining (ICS) assay.
 
In vivo assays include estimation 

of IFN-γ in human serum after HB vaccination using 

ELISA.
29 

We preferred to assay the in vivo response to a 

booster dose of HB vaccine on both humoral and cell 

mediated immune response. To increase the accuracy of 

study method, we compared the post booster cytokine 

levels with those before booster dose.  

In the present study, for the 6 boosted HCWs, the 

IFN-γ MCL increased but it was statistically 

insignificant (P=0.225). Shooshtari M (2015) et al 

reported 69.2% positive response after using in vitro 

ELISA. 29 
Regarding the 46 boosted students, The IFN-γ 

MCL increase was statistically significant (P=0.01).  

Saffar et al detected IFN-γ increase in 80% of his study 

group. 10 
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CONCLUSION 
 

AntiHBs level decreases significantly in MS and 

HCW vaccinated 20 years and ≥5 years ago 

respectively. Long term memory was found to be still 

intact after a booster dose. Long term studies for more 

than 30 years are important to assess lifelong immune 

memory and the need of a booster dose in high risk 

group.  

Limitations and recommendations 

As non responders were not detected in our study, 

we were not able to evaluate the association of 

decreased immune response with risk factors like 

smoking, nutritional status, and genetic factors which 

can contribute to reduced immune response. National 

surveillance systems to assess the prevalence of HBV 

infection among HCW, monitoring injection safety 

practices, occupational exposure and postexposure 

management, databases identifying HB vaccine 

responders and nonresponders, studies determining 

efficacy and cost-effectiveness of antiviral postexposure 

prophylaxis are needed. 
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