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Abstract: Context: Health care professionals including medical students face a high risk for 
Hepatitis B transmission. Hepatitis B vaccination is routinely administered to health care 
providers and medical students. However due to the rigors of medical training, medical students 
miss doses of the vaccine. There is scant research on immune response following delayed 
immunization schedule. Aims: To compare immune response as measured by anti-HBsAg 
antibody levels in medical students who followed delayed and standard vaccination schedule of 
Hepatitis B vaccination. Settings and designs: A cross sectional comparative study was 
conducted among randomly selected 50 medical students of a medical college in Chennai. 
Methods and Materials: Data on demographics, Hepatitis B immunization details and other 
covariants were collected. A two step immunoassay, using Chemiluminescent Microparticle 
Immunoassay (CMIA) technology was used for the quantitative determination of anti-HBs in 
human serum and plasma. The collected data was analyzed using statistical software IBM SPSS 
Statistical Package version 21. Results: Of the students, 36 (72%) were females and 14 (28%) 
were males. Among the participants who followed standard immunization schedule without delay, 
6.3% had poor immune response, and 12.5% were hypo-responsive. Among the participants who 
followed delayed schedule, 2.9% were non-responsive and 5.9% were hypo-responsive. After 
adjusting for age, gender, BMI and delay in schedule, it was found that greater gap between dose 
1 and dose 2(p = 0.001) and gap between dose 2 and dose 3(p = 0.004) significantly influenced 
the anti-HBsAg antibody titres. Conclusion: It is seen that a delayed or altered vaccination 
schedule did not seriously affect the immune response among medical students. Therefore, the 
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focus should be on completing the immunization schedule of Hepatitis B at the best available 
opportunity.  

Keywords: hepatitis B Vaccination, Immunization schedule, Anti-HBsAg titre, Immune response, 
Delayed schedule. 

Introduction 
Hepatitis B virus infection is a serious problem world over. [1] More than 400 million people are 
infected with hepatitis B virus worldwide. This virus is a major cause of liver cirrhosis, chronic 
hepatitis and hepatocellular carcinoma [2,3]. 

Health care workers are at a high risk of HBV infection as they are more prone to occupational 
exposure to blood, and the incidence of this infection among them has been estimated to be 2-4 
times the level in the general population [4] Health care workers have been reported to have the 
highest occupational risk of HBV infection during their health professional training [5]. As a part 
of occupational safety measures, medical students along with all other health care workers are 
supposed to be vaccinated against HBV [6,7].Vaccination is a cost-effective way to prevent HBV 
infection, and in turn, to reduce the incidence of acute and chronic hepatitis B, hepatic cirrhosis, 
and hepatocellular carcinoma [8]. 

Worldwide, the standard hepatitis B vaccination schedule for adults consists of three doses 
administered on a 0–1–6 month schedule, which typically results in at least 85% seroprotection in 
target groups [9] in which there should be minimal dosing interval of 4 weeks between first and 
second doses, 8 week between second and third doses, and 16 weeks between 1st and third doses 
[10]. Post vaccination, anti HBsAg antibody titre level of ≥10 mIU/ml is considered 
seroprotective [11]; <10 mIU/ml as non responsiveness to HBV vaccination; between 10 and 100 
mIU/ml as hypo responsiveness to HBV vaccination and levels >100 mIU/ml are taken as a high 
level of immunity. [12] 

It has been noticed that, due to stress, work load, large syllabus and tight schedule of postings, 
many medical students miss a dose of vaccination schedule and many of them complete the 3 
doses in alternatively delayed manner. This research study will analyze the immune response 
among the medical students in a medical college of Chennai, as measured by anti HBsAg 
antibody level and will study various factors contributing to this variation of immune responses 
among them and to know how much delayed and standard schedules of vaccination will influence 
antibody levels. 

Materials and Methods 
Study was started after getting approval of institutional ethics committee on13/7/16 and it’s a 
ICMR funded STS project, under the Department of Microbiology, ESIC MC AND PGIMSR 
Chennai.  
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A cross sectional comparative study was conducted from August 2016 to October 2016 among 
randomly selected 50 medical students of a medical college in Chennai. Samples were selected by 
simple random sampling technique. Unique code numbers were assigned to all subjects to 
preserve confidentiality. Samples were obtained from all eligible students who provided written 
informed consent to participate. 

A self administered data collection proforma included questions on demographics, including age, 
gender, height and weight; Hepatitis B immunization details (birth and child hood immunization, 
immunization at the time of college entry, number of doses, normal or delayed, reason for 
delayed); Details on covariant that may cause variation of immune responses (jaundice, blood 
transfusions, blood and body fluid contacts, habit of smoking etc). A two step immunoassay, using 
chemiluminescent microparticle immunoassay (CMIA) technology was used for the quantitative 
determination of anti-HBs in human serum and plasma. The collected data was entered in MS 
Excel spreadsheet. The data validity was verified as the researcher entered the data. The data was 
imported to IBM SPSS Statistical Package version 21 for further analysis. Descriptive statistics 
was performed to study the characteristics of study participants. Anti HBsAg titre levels were 
statistically analysed, P value lesser than 0.05 was considered as statistically significant.         

Results 
In this study we enrolled 50 medical students in the clinical year (II and III year), among which 
36 (72%) were females and 14(28%) were males, aged between 19 to 22 years. Among 50, 
6(12%) candidates were underweight, 32(64%) participants were in normal range,9(18%) 
participants were overweight and 3(6%) participants were obese. Table 1 showed the 
characteristics of study participants.  

Table 1: Characteristics of Study Participants 

 

SL Characteristic Category Frequency Percentage (%) 

1 AGE 19 5 10 

  20 16 32 

  21 21 42 

  22 8 16 

2 GENDER FEMALE 36 72 

  MALE 14 28 

3 BMI <18.5 6 12 

  18.5-24.9 32 64 

  25-29.9 9 18 

  >30 3 6 
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Hepatitis B immunization profiles of participants are given in Table 2. 

 Table 2: Hepatitis B Immunization Profile 

 

Here, 27(54%) participants took hepatitis vaccination at birth, rest 23(46%) of the participants did 
not take hepatitis B vaccination at birth, among total enrolled 3(6%) candidates took vaccination 
during childhood, rest 47(96%) candidates did not take hepatitis B vaccination during childhood; 
among 50 participants, 49(98%) participants took hepatitis B vaccination afterwards and during 
college admissions, 1(2%) did not take hepatitis B vaccination afterwards. For studying about risk 
factors of hepatitis B, we included about six risk factors in the data collection proforma which 
was given in Table 3.  

Table 3: Hepatitis B Risk Factor Profile 

 
 

SL No: Characteristics Category Frequency Percentage (%) 

1 sharing razors Yes 2 4 

  No 48 96 

2 recent dental procedures Yes 10 20 

  No 40 80 

3 history of jaundice Yes 6 12 

  No 44 88 

4 history of blood transfusion Yes 1 2 

  No 49 98 

5 habit of smoking Yes 0 0 

  No 50 100 

6 contact with blood and body fluids Yes 2 4 

  No 48 96 

SL No: Characteristics Category Frequency Percentage (%) 

1 Hepatitis B Vaccination at Birth Yes 27 54 

2 Hepatitis B Vaccination During Childhood Yes 3 6 

3 Hepatitis B Vaccination Afterwards Yes 49 98 
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Figure 1 shows the histogram of Anti-HBsAg titre levels, 

Fig 1 histogram of anti HBsAg titres 

 
Figure 1: shows the histogram of Anti-HBsAg titre levels, we got a bimodal graph with two peaks 
signifying distribution of titre levels of all participants in two different ranges, 0 to 300 mlU/mL 
and 400 to 550 mlU/mL. 

In Figure 2 and Table 4, the association between immunization schedule and anti-HBsAg titre is 
shown.   

Fig 2 Association between Immunisation Schedule And Anti HBsAg titre 

Figure 2: shows the association between immunization schedule and anti-HBsAg titre, which 
shows both the groups, delayed and not delayed, has a percentage of high immunity, hypo 
responders and non responders. 
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Table 4: Association between Immunisation Schedule and Anti HBsAg Titre 

In figure 2 it shows, among those who followed a standard schedule 6.3% showed non 
responsiveness, 12.5% showed hypo responses and 81.3% have high immunity. Among those who 
followed a delayed schedule about 2.9% showed non-responsiveness, 5.9% showed hypo 
responses and 91.2% have high immunity, There is a chance that the delayed dose of vaccination 
acts as booster dose which will increase immunity against the antigen back to protective level,   

In Table 5 the factors influencing Anti-HBs Ag titre levels are analyzed by multiple linear 
regressions. 

Table 5: Factors Influencing Anti HbsAg titre levels, multiple Linear Regression Analysis 

SL No Factors Influencing Titre Beta 
Coefficient 

95% Confidence 
Interval 

P Value 

1 Age -18.488 -71.970 to 34.94 .488 

2 Gender -56.564 -145.291 to 32.164 .204 

3 BMI -5.527 -15.732 to 4.677 .280 

4 Delayed schedule -77.271 -291.910 to 137.368 .470 

5 Gap between dose1 and dose 2 -91.639 -142.413 to -40.865 .001 

6 Gap between dose2 and dose 3 26.990 8.931 to 45.049 .004 

Among various factors we considered, age (p=0.488), Gender (p=.204), BMI (P=0.280), Delayed 
schedule (p=0.470) have an influence but not statistically significant. Figure 3 shows the 
influence of gap between dose1 and dose 2 on Anti HBsAg titre levels, 

Fig 3: Influence of Gap between Dose 1 and Dose 2 on Anti HBsAg Titre 

 

SL No: Non-Responsiveness Hypo Responsiveness High Immunity 

No Delay 6.3 12.5 81.3 

Delay 2.9 5.9 91.2 
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Figure 3: shows the influence of gap between dose1 and dose2 on Anti-HBsAg titre levels, Here 
we get a P value =0.001 and Beta coefficient =0.573 

Fig 4 Influence of Gap between Dose 2 and Dose 3 on Anti HBsAg Titre 

 

Figure 4: shows the influence of gap between dose2 and dose 3 on Anti-HBsAg titre levels, Here 
P value=.004 and Beta coefficient=.959 

Discussion: 
This study was conducted to determine the anti-HBsAg antibody titres of a group of medical 
students in a college in Chennai, and to investigate how the standard and delayed schedule 
influence the variation of anti-HBsAg titre, the possible correlation between demographic features 
as well as details of vaccination schedule with anti-HBs antibody titer in this population.  

The study population consisted of 50 medical students of age 19 to 22, 36 subjects (72%) of 
which were females and 14 (28%) were males. In our analyses, the following percentage of 
people were found to have the risk factors for Hepatitis B infection: sharing razors (4%), recent 
dental procedures (20%), history of jaundice (12%), history of blood transfusion (2%), contact 
with blood and body fluids (4%). 

Analyzing the anti-HBsAg antibody levels, it showed a bimodal distribution. We were unable to 
find the causal attributes of this distribution and its significance. It will be taken up during future 
studies. 

In my study, among the participants who followed standard immunization schedule without delay, 
6.3% were non-responsive who are at risk of contracting hepatitis B. Even among the participants 
who followed standard immunization schedule, there are non-responders and hypo-responders, so 
it is better to check post vaccination titer levels to ensure protection. Among the participants who 
followed standard immunization schedule without delay, 12.5% were hypo-responsive. Their 
antibody levels, though protective, is not as high as the responders. Among the participants who 
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followed delayed schedule, 2.9% were non-responsive and 5.9% were hypo-responsive. 
Participants found to be non responders in both the groups were recommended booster dose and 
they will be followed up. 

According to CDC, it is wise to check the titre levels of 1 to 2 months after completion of 
schedule to ensure that they have indeed responded to the vaccine because of the high risk of 
contracting hepatitis B virus. The non responders need post exposure prophylaxis after accidental 
exposure (25). 

Smoking habit, obesity, genetic factors, or immune suppression may be the reason for initial lack 
of response (26 – 29). Or the antibody titres of those who responded to the primary 3 doses may 
have gradually declined over time. It is known that an estimated 13%-60% of initial responders to 
the HBV vaccine may lose detectable anti-HBsAg antibody levels in subsequent years (30, 31). 

On performing multiple linear regression analysis of factors influencing anti HBsAg titre levels 
after adjusting for age, gender, BMI and delay in schedule, it was found that gap between dose 1 
and dose 2(p = 0.001) and gap between dose 2 and dose 3(p = 0.004) significantly correlated with 
anti-HBsAg levels. It is also seen that as the gap between dose 1 and dose 2 increases, the titer 
value decreases, whereas here when the gap between dose2 and dose3 increases, titre value 
increases as well, here the gaps show a deviation from usually followed optimal interval to 
produce optimal immune responses, as memory T cells having high proliferative potential is not 
formed until several weeks of first immunization and memory B cells have to go through the 
germinal center reaction and take several month to develop, also here the delayed 3rd dose may act 
like a booster dose and act as re exposure to immunizing agent 

As medical students belong to the high risk population, it is ideal to stick to the standard 
immunization schedule, especially the gap between the dose 1 and 2 as increasing the gap causes 
fall in titre levels. Delay between dose 2 and dose 3 does not cause any harm as it was observed 
with increase in the titre levels. Even in special circumstances, care should be taken to avoid 
delay between dose 1 and dose 2.   

This is one of the few studies which have looked into the delayed immunization schedule of 
Hepatitis B vaccination among medical students in India. However, the present study does not 
explain the reasons for decrease in antibody levels and its correlation with factors like immune 
suppression, genetic influences or smoking. Also, the study does not consider factors like site of 
vaccine injection, brand of injection and the dose which can produce change in the antibody 
levels. Random convenient sampling decreases the generalisability of the findings. Future studies 
must take up a large sample size and study about the reason behind variation of immune levels.  

Conclusion 
On comparing immune response among a group of medical students who followed standard and 
delayed hepatitis B immunization schedule, it is found that both the groups contain a given 
percentage of non responders, hypo responders and people with high immunity. After adjusting 
for age, gender, BMI and delay in schedule, it was found that gap between dose 1 and dose 2       
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(p = 0.001) and gap between dose 2 and dose 3 (p= 0.004) significantly correlated with anti-
HBsAg anti body levels. Since there are candidates with risk of low immune responses in altered 
immunization schedules it is better to stick to standard universal vaccination schedule. Also it is 
necessary to check anti HBsAg antibody titre 1- 2 months after completion of vaccination 
schedule to ensure that the person has responded to vaccine or not. In future studies, we would 
like to look into the factors that caused variation in anti HBsAg titre levels in both standard and 
delayed schedules. The cause and the significance of bimodal distribution of the titre levels 
should also be studied.   
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