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As healthcare workers run a high and constant occupational risk of  hepatitis B virus (HBV) infection through exposure to biological 
material, vaccination is mandatory as well as the monitoring of  antibody levels one to two months after complete immunisation. The aim 
of  this descriptive cross-sectional study was to determine HBV vaccine coverage of  200 primary and secondary healthcare workers (100 
each) from Šabac, Serbia and their blood anti-HBs titre. We also wanted to identify factors that could predict the titre. Anti-HBV vaccination 
covered all participants, of  whom 89.5 % were fully vaccinated, and 85 % had a protective antibody titre. We found a statistically significant 
association between antibody titre and the number of  received vaccine doses, chronic jaundice, autoimmune disease, and cancer in our 
participants. The fact that 15 % did not achieve the protective antibody titre confirms the necessity of  its control after immunisation, 
which is not routinely carried out in most countries, Serbia included. It is, therefore, necessary to develop a detailed strategy for monitoring 
vaccination and serological status of  healthcare workers in order to improve their safety at work. An important role should also be given 
to continuous education of  healthcare workers from the beginning of  schooling to the end of  their professional career.
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Hepatitis B infection is an inflammation of  the liver caused by 
the hepatitis B virus (HBV), which, due to its high prevalence and 
serious consequences, represents a threat to public health on the 
global level (1, 2). According to some estimates, a quarter of  the 
world’s population is infected with HBV, and the World Health 
Organization (WHO) warns that mortality has reached 1.3 million 
deaths a year (3, 4).

In the European Union, the legislative framework for the 
prevention and treatment of  HBV infection is identical. However, 
there are differences in implementation and control. Since its 
approval in 1982, the use of  recombinant HB vaccine (5) had proven 
safe and so highly effective that the WHO recommended it should 
become part of  the calendar of  mandatory immunisation of  
children, which most countries adopted it in their national 
immunisation programmes and mandated immunisation for all 
children in the first year of  life (6). The latest WHO guidelines seek 

to expand eligibility for testing and treatment with the goal to 
eliminate HBV infection by 2030 by reducing the number of  newly 
infected persons and deaths (7).

Given the nature of  their work, healthcare workers are more 
exposed to blood-borne infections than the general population (8, 
9), and the primary method to prevent HBV infection is with 
hepatitis B vaccine or prophylaxis after exposure to patient’s 
biological material (10–13).

Even though HBV prevention in healthcare is regulated by law 
– immunisation in Serbia has been mandatory for healthcare workers 
since 1989 (14) – cases of  both acute and chronic HBV infection 
are still reported in everyday practice, most often due to poor 
immune response to the vaccine or inefficient post-exposure 
prophylaxis. The risk of  infection among healthcare workers, doctors 
and nurses in particular, depends on the achieved immune response 
measured by antibody titre (anti-HBs), the frequency of  exposure 
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to blood and body fluids through skin and mucosa, as well as on 
the knowledge of  and compliance with measures after such exposure 
(11, 12, 15). Vaccination prevents HBV infection in more than 90 % 
of  cases (16, 17), and the achieved immunity is measured with anti-
HBs titre, which should be ≥10 mIU/mL (18, 19).

Considering that immunisation may fail due to issues related to 
the vaccine and the host, the aim of  this study was to determine 
vaccine coverage of  healthcare workers in Šabac, Serbia and their 
anti-HBs titre. We also aimed to determine the relationship between 
specific factors that may affect immunisation and antibody titre.

PARTICIPANTS AND METHODS

This descriptive cross-sectional study of  100 physicians and 100 
hundred nurses in primary and secondary health care in Šabac, Serbia 
took place from September 2020 to February 2021. The minimum 
sample size of  178 participants was based on statistical assessment 
described by Yanase et al. (20), with defined alpha error of  0.05, 
and confidence interval of  95 %. Our sample consists of  200 out 
of  255 healthcare workers from our previous pilot study who agreed 
to have their blood anti-HBs titre determined. At the time of  the 
study, 100 worked at the Dr Draga Ljočić Healthcare Centre, 
consisting of  nine services, and the other 100 at the Dr Laza K. 
Lazarević General Hospital, consisting of  18 units (nine surgical 
and nine internal medicine).

The inclusion criteria were direct contact with and treatment of  
patients, work experience of  at least one year, and voluntary 
informed consent to participate in this study.

Methods

The participants were asked to complete a questionnaire with 
socio-demographic data (10 items) and vaccination data (25 items 
divided into two parts), which aimed to determine anti-HBV 
vaccination coverage (seven items) and diseases/comorbidities that 
may affect vaccine effectiveness (18 items).

In addition to completing the questionnaire, the participants 
were calculated their body mass index (BMI) from self-reported 
height and weight, considering that obesity weakens the immune 
system, so that it becomes sensitive to bacterial, viral, and fungal 
infections, including HBV infection (21).

The participants also gave 9 mL of  blood, collected in a 
vacutainer tube without gel separator to determine the anti-HBs 
titre and total antibody to hepatitis B core antigen (total anti-HBc) 
at the University of  Novi Sad Faculty of  Medicine Centre for 
Medical and Pharmaceutical Research. Testing was carried out at 
the Centre’s Laboratory for Virological Testing on a Vidas II device 
(bioMerieux, Lyon, France) using the enzyme-linked fluorescence 
assay (ELFA) (22). All procedures and reporting followed the 
Guidelines for Good Laboratory Practice (23).

The study complied to the Declaration of  Helsinki and was 
approved by the ethics committees of  the Šabac General Hospital, 

Šabac Health Centre, and the University of  Novi Sad Faculty of  
Medicine.

Statistical analysis

All statistics (descriptive and inferential) were run on the IBM 
SPSS software version 20.0 (Armonk, NY, USA). The Chi-squared 
test was used to determine the differences in categorical variables, 
and the Student’s t-test was used to determine the differences in 
continuous (numerical) variables. The association of  anti-HBs titre 
with categorical and/or numerical variables was determined with 
Fisher’s exact test and ANOVA test. In all analyses, a p value of  less 
than 0.05 (p<0.05) was considered statistically significant.

RESULTS

Table 1 shows detailed sociodemographic data and significant 
differences between groups of  participants. Their overall mean age 
was 44.52±0.73 years and mean work experience 19.66±0.69 years. 
There are significant differences in some categorical variables, 
namely sex (dominantly female, p<0.001), workplace (dominantly 
outpatient clinic, p<0.001), and occupation (dominantly nurses 
p<0.001).

As far as continuous variables are concerned, they all significantly 
differ (Table 2).

All participants reported to have been vaccinated (200 of  200) 
in the deltoid muscle, which correlates with the data obtained from 
epidemiological services and the electronic database of  both health 
institutions. One hundred and seventy-nine (89.5 %) received the 
complete vaccination series of  three shots (Figure 1), of  whom 
41.5 % according to the 0-1-6 schedule (day zero, one month after 
the first dose, and six months after the first dose). Most participants 
(65 %) had been immunised more than 10 years before the study.

Figure 2 shows the distribution of  chronic diseases reported by 
the participants: 16.5 % had a chronic disease, whereas the rest 
reported none.

The calculated BMI of  our respondents shows that 32 % were 
overweight (BMI 25–29.9) and 9.5 % obese (BMI >30).

Thirty-five participants reported abnormal lipid status, of  whom 
nine used and 26 did not use therapy. Tobacco smoking was reported 
by 66 participants.

Blood samples showed that 15 % (30 participants) did not 
develop seroconversion, i.e., did not have the protective antibody 
titre of  over ≥10 mIU/mL (Figure 3).

Four participants had positive total anti-HBc, which is equal to 
the number of  participants who reported being infected with the 
hepatitis B virus during their lifetime. In all other participants, total 
anti-HBc was negative.

Fisher’s test shows a significant association between the anti-HBs 
titre and the number of  vaccine doses received (p=0.015). 
Participants who were fully vaccinated had a higher antibody titre 
than those who received one or two doses (Table 3).
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Table 1 Differences in sociodemographic characteristics between participants
Variables N (%) Chi-squared test p

Health institution
Primary health centre 100 (50.0)

0.000 1.000
Hospital 100 (50.0)

Sex
Male 14 (7.0)

147.920 0.000
Female 186 (93.0)

Field of  medicine

Surgery 60 (30.0)

1.030 0.598Internal medicine 71 (35.5)

General medicine 69 (34.5)

Workplace

Outpatient clinic 102 (51.0)

33.970 0.000Hospital ward 63 (31.5)

Intensive and semi-intensive care 35 (17.5)

Occupation

Specialist 16 (8.0)

248.750 0.000
General practitioner 7 (3.5)

College-educated nurse 19 (9.5)

Senior nurse 30 (15.0)

Nurse 128 (64.0)

F i g u r e  1  D i s t r i b u t i o n  o f  
participants according to the 
number of  received vaccine doses 
(three doses denote completed 
vaccination)

Figur e  2  Dis t r i bu t i on  o f  
participants by self-reported 
chronic diseases. HBV – hepatitis 
B  v i r us ;  COPD –  chron ic 
obstructive pulmonary disease
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ANOVA has also established a highly significant association 
between low anti-HBs titre (<10 mIU/mL) and the reported 
autoimmune disease (p=0.000) and cancer (p=0.015). Previous 
jaundice is significantly associated with the high titre (≥10 mIU/
mL; p=0.034) (Table 4).

In turn, we found no significant association between the anti-
HBs titre and participants’ affiliation, sex, field of  medicine, 
workplace, occupation (ANOVA, Table 5), or any of  the continuous 
variables (year of  age, years of  service, body mass, body height, and 
BMI) (Fisher’s test, Table 6).

DISCUSSION

All our participants received at least one dose of  HB vaccine, 
which translates to 100 % coverage. Studies across the world report 
healthcare worker coverage ranging from 10–81 % in Africa to over 
80 % in the USA and Australia (24–32). In Asia, surveys of  
healthcare workers providing secondary and tertiary care report 
65 % and 67 % coverage, respectively (33, 34). In Serbia, recent data 
indicate that the coverage ranges between 31 and 96 % (35–37).

As for our findings that 89.5 % of  our participants from Šabac 
completed the immunisation (received three shots), these figures 
excel reports of  50 % from three university hospitals in Belgrade 
(38) or 39.2 % from the public sector and 27.8 % from the private 
sector in the province of  Vojvodina (39).

However, immunisation is not the same as having immunity, 
that is, having the anti-HBs titre >10 mIU/mL (regardless of  the 
dynamic of  decline). This is why all healthcare workers are advised 
to have their titre checked after having received three vaccine doses, 
especially those who come into contact with patient blood and body 

Bogdanović Vasić S, et al. Factors predicting the level of  vaccine protection against hepatitis B virus infection among physicians and nurses in Šabac, Serbia 
Arh Hig Rada Toksikol 2024;75:191-199

Table 2 Differences in continuous (numerical) variables

Variables Mean SD Student’s t-test p
Age 44.52 10.450 71.330 0.003
Body height 168.18 7.046 175.020 0.000
Body mass 69.28 13.956 135.040 0.000
BMI 24.47 4.473 7.221 0.008
Years of  service 4.33 1.939 44.800 0.000

Table 3 Association between anti-HBs titre threshold and the number of  vaccine doses received (three or less)

Anti-HBs <10 mIU/mL Number of  participants Fisher’s exact test p

Number of  vaccine doses Number of  participants 

30

7.212 0.015

1 2

2 5

3 23

 Anti-HBs ≥10 mIU/mL
Number of  vaccine doses Number of  participants 

170
1 6

2 8

3 156

Figure 3 Distribution of  participants by anti-
HBs titre threshold and number of  received 
vaccine doses
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fluids (40, 41). Our study shows that 85 % of  participants achieved 
immunity to HBV. These findings should be taken with some 
reserve, however, as 55 healthcare workers recruited in our previous 
pilot study refused to take immunity testing during recruitment, and 
were therefore excluded from this study. Although all of  them were 
vaccinated, they stated that they considered themselves protected 
by the vaccine (38/55), were not interested in whether they achieved 
full protection (10/55), or were not exposed to blood-borne 
infections (7/55). Another report from Serbia speaks of  93 % 

seroconversion in their sample of  100 healthcare workers (36). 
Reported immunity among healthcare workers varies widely across 
the world, from 15–21 % in certain parts of  Asia (42), 30.1 % in 
Bangladesh (43), 36.7 % in Indonesia (44), 47–74 % in Kenya (45, 
46), 56.7 % in Congo (47), 77.1 % in Tanzania (48), 83.3 % in Tehran, 
Iran (49), 83 % in Japan (20) to 90 % in Egypt (50). Variation is 
particularly visible in India, ranging from 32 % (51), over 60.8 % 
(52) to 96 % (53). In Europe, a survey conducted in 21 countries 
of  the European Union in 2016 showed that not all healthcare 

Table 4 Association between anti-HBs titre threshold and chronic, non-infectious conditions and smoking

Variables Anti-HBs (mIU/mL) Mean square ANOVA test p

Insulin dependent diabetes
<10

0.066 2.699 0.102
≥10

Insulin independent diabetes
<10

0.129 0.496 0.513
≥10

Chronic obstructive pulmonary diseases
<10

0.003 0.124 0.725
≥10

Autoimmune disease
<10

0.889 22.843 0.000
≥10

Oncological disease
<10

0.029 6.046 0.015
≥10

Liver disease
<10

0.020 2.054 0.153
≥10

Prolonged jaundice

<10

0.233 4.545 0.034≥10

≥10

Disturbance of  lipid status
<10

0.650 1.312 0.253
≥10

Tobacco smoking
<10

6857.533 0.935 0.335
≥10

Table 5 Association between anti-HBs titre threshold and categorical 
variables

Variables Anti-HBs 
(mIU/mL) N (%) ANOVA 

test p

Healthcare 
institution

<10 30
0.360 0.549

≥10 170

Sex
<10 30

0.579 0.448
≥10 170

Field of  
medicine

<10 30
0.179 0.673

≥10 170

Workplace
<10 30

0.036 0.850
≥10 170

Profession
<10 30

3.298 0.071
≥10 170

Table 6 Association between anti-HBs titre threshold and continuous 
variables

Variables Anti-HBs 
(mIU/mL) Fisher's exact test p

Age
<10

31.334 0.854
≥10

Body height
<10

1.552 0.215
≥10

Body mass
<10

50.215 0.088
≥10

BMI
<10

1.148 0.284
≥10

Years of  service
<10

0.954 0.330
≥10



196
workers were protected after complete vaccination in as many as 
18 countries (54). One meta-analysis of  19 Italian studies established 
that 27 % of  healthcare workers did not achieve immunity (55), 
whereas another Italian study (56) among nurses showed a 85.7 % 
immunity. In Spanish Catalonia, one study reported 64.4 % (57), 
while a 2020 study in Turkey showed a 66.7 % protection (58).

As for factors that may prevent achieving immunity to HBV 
infection, we found a significant association between antibody titre 
and received vaccine doses or history of  jaundice, autoimmune, and 
cancer. Age, sex, BMI, and smoking, in turn, are not significantly 
associated with anti-HBs titre. A 1987–1991 study conducted among 
595 healthcare workers in Minnesota, USA six months after the 
third received vaccine dose (59) showed an association between 
insufficient anti-HBs titre and the type of  vaccine, age, sex, BMI, 
and smoking, depending on which recombinant HB vaccine the 
participants received. We, however, could not establish which exactly 
recombinant vaccine our participant received to look deeper into 
the issue.

Complete vaccination is certainly a significant predictor of  
immunity to HBV infection, as it allows most recipients to acquire 
a sufficiently protective antibody titre (60). However, even receiving 
three vaccination doses may fail. Of  the 30 participants (15 %) in 
our study whose antibody titre was below 10 mIU/mL, as many as 
23 were fully vaccinated. Our analysis, however, has not found that 
age alone could be the reason, despite some indications that the 
titre drops with age (53, 61, 62). Perhaps the reason lies in the fact 
that anti-HBs titre remains high enough even 30 years after 
vaccination (63).

Our findings also fail to confirm earlier reports of  association 
between obesity and non-response to HBV vaccine (21) or between 
BMI below 25 and seroprotection in healthcare workers (64). Truth 
be told, only 19 participants in our study were obese (BMI >30), 
which may not have been a representative sample to support these 
findings.

In contrast, failure to respond to vaccination is clearly associated 
with chronic jaundice, autoimmune disease, and cancer. Some studies 
argue against a link between HBV infection positive status and 
chronic diseases (65), while others indicate that people with lower 
kidney function, the elderly with diabetes, and people with 
inflammatory bowel diseases have a lower likelihood of  
seroconversion (66, 67).

Our study has certain limitations. Some are inherent to the study 
design partly relying on self-reported information. Then there is 
the issue of  representation, as significantly more nurses participated 
than doctors. However, nurses are generally dominating in health 
care. Furthermore, the study does not include other categories of  
healthcare workers, such as laboratory and cleaning staff, who also 
run a risk of  exposure to patient blood and other biological material.
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CONCLUSION

Despite its limitations, our study shows total vaccination 
coverage of  healthcare workers in Šabac, Serbia and a high rate 
(89.5 %) of  those who completed the series by taking all three shots. 
The fact that 15 % did not achieve the protective antibody titre 
confirms the necessity of  its control after immunisation, which is 
not routinely carried out in most countries, Serbia included. It is, 
therefore, necessary to develop a detailed strategy for monitoring 
vaccination and serological status of  healthcare workers in order to 
improve their safety at work.

Perhaps even more important is to educate future health 
professionals about protection against HBV infection. Such 
education should continue throughout the working life to ensure 
the highest possible level of  protection.
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Čimbenici koji predviđaju razinu zaštite cjepiva protiv infekcije virusom hepatitisa B u liječnika i medicinskih sestara u Šapcu 
u Republici Srbiji

Budući da su zdravstveni radnici izloženi visokom i stalnom profesionalnom riziku od infekcije virusom hepatitisa B (HBV), zbog izloženosti 
biološkom materijalu cijepljenje je obvezno, kao i praćenje razine protutijela jedan do dva mjeseca nakon kompletne imunizacije. Cilj ovog 
deskriptivnog presječnog ispitivanja bio je utvrditi pokrivenost cjepivom protiv HBV-a 200 djelatnika primarne i sekundarne zdravstvene 
zaštite (po 100) u Šapcu u Srbiji i njihov anti-HBs titar u krvi te identificirati čimbenike koji bi mogli predvidjeti titar. Cijepljenjem protiv 
HBV-a obuhvaćeni su svi ispitanici, od kojih je 89,5 % bilo potpuno cijepljeno, a 85 % imalo je zaštitni titar protutijela. Pronašli smo 
statistički značajnu povezanost između titra protutijela i broja primljenih doza cjepiva te povijesti žutice, autoimunih i malignih bolesti 
naših ispitanika. Činjenica da 15 % nije postiglo zaštitni titar protutijela potvrđuje nužnost njegove kontrole nakon imunizacije, koja se u 
većini zemalja, pa tako i u Srbiji, ne provodi rutinski. Stoga je potrebno izraditi detaljnu strategiju praćenja cijepljenja i serološkoga statusa 
zdravstvenih radnika kako bi se poboljšala njihova sigurnost na radu. Veliku ulogu ima i trajna edukacija zdravstvenih djelatnika od početka 
školovanja do završetka profesionalne karijere.
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