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Abstract

Background: Accidental exposure to sharp instruments is an important problem for health care students. Thus, the aim of this study
was to determine the rate of immunity in health care students 2 decades after national neonatal hepatitis B (HB) vaccination.

Methods: All junior students attending medicine, nursing and midwifery schools were screened for anti-HBs. One dose of hepatitis
B vaccine was offered to all participants who did not have antibodies to HB surface antigen (anti-HBs) of > 10 IU/L; then, they were
tested for anti-HBs after a month. The participants were classified into 3 groups: postboosting nonimmune, postboosting immune, and
preboosting immune. Chi square test and ANOVA were used for data analysis.

Results: In the first step, 65.20% of participants did not show immunity, but after receiving a booster dose, only 6.0% remained
nonimmune. The mean age of nonimmune students was significantly higher than that of students who had postboosting immune and
preboosting immune status (p=0.001 and 0.002, respectively). Also, the mean injection time from last shot was higher in postboosting
immune group compared to preboosting immune group (p<0.001). Also, prebooster anti-HBs level was significantly different among
participants with suboptimal response and those who developed anamnestic response, indicating preserved immune memory
(p=0.001).

Conclusion: High anamnestic response to HBV booster dose indicates sufficient immunity to HBV in the majority of health care
students. However, identifying students who cannot respond to a booster dose of vaccine seems to be necessary at the beginning of
health care courses.
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Introduction

It is estimated that 360 million people are living with
hepatitis B virus (HBV) worldwide (1). HBV causes
nearly 700 000 deaths each year globally (2). The
World Health Organization (WHO) recommends that
all infants and newborns even in countries with an in-
termediate or low prevalence of hepatitis should be
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immunized (3). Iran is a country with a moderate
prevalence of hepatitis B. National neonatal vaccination
was started in 1993 in Iran (4). Newborns who were
vaccinated in the 1990s are now young adults entering
medical, nursing, and midwifery schools. The health
care personnel (HCP) are at particularly high risk of

1What is “already known” in this topic:

Accidental exposure to sharp instruments is an important
problem for health care students in teaching hospitals. In
countries with national neonatal vaccination programs, the
majority of health care students had lower antibody titer than
the protective level at the beginning of health care courses.

— What this article adds:

The high anamnestic response to a booster dose indicates
sufficient immunity to hepatitis B in the majority of health care
students, but as the risk of exposure may be high in the
forthcoming professional life, identifying students who cannot
respond to a booster dose of vaccine seems to be necessary at
the beginning of health care courses.
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infection with hepatitis B virus, primarily due to their
increased risk of exposure to sharp contaminated tools
(5, 6). The incidence of needle stick injuries in HCP
ranges from 1.4 to 9.5 per 100 HCP annually, which
results in 0.42 HBV infections per 100 needle stick
injuries (7, 8). It has been estimated that unsafe needle
stick injuries are responsible for over 21 million HBV
infections each year worldwide (9).

In Qazvin University of Medical Sciences, de-
spite education and interventions, a recent study
reported a rate of 53% for needle stick injury in
nurses at least once in the past year (10). Handling
accidental blood exposures of HCP is problematic.
Postexposure prophylaxis for HBV requires the
evaluation of several factors, such as hepatitis B
surface antigen status of the source, awareness of
the vaccination, and HBV immunity status of the
exposed HCP. Some problems include initial as-
sessment of HCP in emergency situations (espe-
cially if HBV immunity status of HCP is uncertain
and the patient is HBsAg-positive or even uncer-
tain), secondary follow-up, and administration of
HB immunoglobin (HBIG) for the exposed person
(for negative or unknown immune) (11, 12). Fear
and anxiety about the possible consequences of an
exposure and absence from work are other prob-
lems; therefore, all HCP should know their HBV
immune status (13).

Long-term protection of vaccine is not recom-
mended for the general population (14). However,
all HCP must be tested for the presence of protec-
tive levels of antibodies, and the immunity status
of junior students who were vaccinated during in-
fancy or adolescence is important for avoiding oc-
cupational HBV transmission (15). The United
States Centre for Disease Control and the Advisory
Committee on Immunization Practices (ACIP) recom-
mends hepatitis B immunization and confirmation of
immunoprotection for all HCP (16). In persons vac-
cinated at birth, antibody levels of hepatitis B surface
antigen (anti-HBs) in adulthood are known to be lower
than those immunized late (17, 18). In addition, the
exact duration of protection after childhood vaccination
is not well understood (19). On the other hand, the ne-
cessity and cost-effectiveness of continuing screening
for every new medical and nursing student born after
adoption of neonatal immunization is not yet evident
(20, 21).

The aim of this study was to determine the propor-
tion of health care students vaccinated in childhood
with anti-HBs levels <10 IU/ to evaluate their immune
response to a booster dose of hepatitis B vaccine. Also,
this study aimed to compare the characteristics of stu-
dents with or without a protective anti-HBs response
after administration of this adulthood booster dose.

Methods

From March to May 2016, the levels of serum anti-
HBs were screened in all junior students (medicine,
nursing, midwifery) of Qazvin University of Medical
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Sciences, Iran. The participation rate for this study was
80%. A written consent form was obtained from all
participants. They were asked about questions about
whether they had chronic HBV infected parents, their
HBYV vaccination status (time of receiving the initial
dose, time of the last dose, more shots after primary
vaccination), weight, height, and smoking status. Blood
samples were collected from all participants. Serum
was separated and stored at 0°C. Next, anti-HBs were
measured by anti-HBs enzyme-linked immunosorbent
assay (ELISA) kit (Abott laboratories).

Participants were considered immune if they had an-
ti-HBs of > 10 IU/L, and an additional dose was of-
fered to all participants who did not have anti-HBs of >
10 TU/L. If agreed, a single dose (20 microgram) of
hepatitis B vaccine (Euvax B LG manufacturing, South
Korea) was injected to them. Participants were tested
for hepatitis B surface antibody (ie, anti-HBs) a month
after receiving their booster vaccine. A positive im-
mune response to the vaccine is defined as the devel-
opment of hepatitis B surface antibody (anti-HBs) at a
titer of >10 IU/L. The participants were classified into
3 groups of postboosting nonimmune, postboosting
immune, and preboosting immune based on their pri-
mary anti-HBs and response to booster vaccine.

Continuous variables were expressed as mean =+
standard deviation (SD) and categorical variables as
frequencies and percentages. Chi square or Fisher’s
exact tests were used for nominal categorical variables
and for comparison of the differences among the 3
groups. Analysis of variance (ANOVA) followed by a
post hoc analysis (Tukey HSD) was used in SPSS 21.0
statistical analysis software (IBM Inc., Chicago, IL). A
p value less than 0.05 was considered statistically sig-
nificant. This trial was registered at the Iranian Registry
of Clinical Trials website (registration ID:
IRCT201510142276N3). The study protocol was ap-
proved by the medical ethics committee of Qazvin
University of Medical Sciences.

Results

A total of 204 participants, including 118 nursing, 42
medical, and 44 midwifery students, were enrolled.
Neither of them had ever received blood products, had
HBV-infected member in their family, nor had they
evidence of immunosuppression. None of the partici-
pants were taking immunosuppressive medications at
the time of study. All students had received at least
one-shot dose of HB vaccine and about 90% were im-
munized at birth. Only 6 (3.2%) and 2 (1.1%) partici-
pants were smoker and diabetic, respectively. Sixteen
participants were unwilling to continue the study, and
thus data from 188 participants were analyzed. The
mean age of the participants was 19.98+1.87 years, and
130 (69.1%) were male (Table 1).

In the first step, 133 of 204 participants (65.2%) were
found to have low or undetectable anti-HBs titers (Fig.
1), but after booster doses of HB-Vax, only 7 out of
133 participants (6.0%) remained nonim-
mune/suboptimal responders. The mean of anti-HBs
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Table 1. Distribution of protective immunity status among 188 study participants

Post-boosting Post-boosting Preboosting Total P
nonimmune immune immune
Number (%) or Mean+SD

Sex Male 3(42.9) 77 (70.0) 50 (70.4) 130 (69.1) 0.307

Female 4(57.1) 33 (30.0) 21 (29.6) 58 (30.9)
Marital status Single 7 (100.0) 104 (95.4) 62 (87.3) 173 (92.5) 0.098

Married 0(0.0) 5(4.6) 9(12.7) 14 (7.5)
Discipline of study Nursing 4(57.1) 58 (52.7) 48 (67.6) 110 (58.5) 0.363

Medicine 1(14.3) 25(22.7) 12 (16.9) 38(20.2)

Obstetric 2 (28.6) 27 (24.5) 11 (15.5) 40 (21.3)
Smoker 1(14.3) 32.7) 2(2.8) 6(3.2) 0.235
Diabetes mellitus 0(0.0) 2(1.8) 0(0.0) 2 (1.1) 0.488
History of low birth 0(0.0) 7(6.4) 3(4.2) 10 (5.3) 0.670
weight
Age (year) 22.434+6.05 19.88+0.97 19.89+2.04 19.98+1.88 0.002*
BMI (Kg/M?) 21.5343.56 22.1743.12 22.30+2.63 22.20+2.95 0.799
Injection time 20.17+0.98 19.84+0.93 17.62+4.96 19.0143.31 <0.001*
from last shot (year)
Initial anti-HBs titer 0.26+0.66 2.80+2.87 <0.001*

(IU/L)

BMI: Body Mass Index, *p<0.05

Enrollment

All students (n=210)

Nursing: 118

A4

Declined to participate (n=6)

Participants (n=204)

|

v

HBS Abs10 (n=133)

Check Anti-HBS

v

Immune (n=71)

\4

Declined to booster Vaccine (n=16)

A 4

Received HBV Vaccine (n=117)

Follow-Up

v

Non- immune (n=7)

Post-boosting immune (n=110)

Fig. 1. Flow chart of the present study

antibody in the 2 groups were 0.26+0.66 IU/L and
2.80+2.87 IU/L, respectively, p<0.001.

The Tukey
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HSD showed that the mean age of participants among
nonimmune students (22.43, SD=6.05) was significant-
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ly higher than students who had postboosting immune
(19.88, SD=0.97, p=0.001) and preboosting immune
status (19.89, SD=2.039, p=0.002) (Table 2).

Also, ANOVA for injection time from the last shot
showed significant differences between the study
groups (p<0.001). The Tukey HSD showed that the
mean of injection time from the last shot was higher at
postboosting immune group compared to preboosting
immune group (19.84+0.93 vs 17.62+4.95, p<0.001)
(Table 2). In the second step, Mann-Whitney test
showed a significant difference between participants
with suboptimal response (HBs-antibody<10 IU/L) and
those who developed anamnestic response, indicating
preserved immune memory (p=0.001).

The overall prevalence of true adverse reactions was
low. Side-effects of the vaccine were limited to 6 cases
with local symptoms [wheal (2 cases) and itching at the
site of administration (4 cases)] and 3 cases with gen-
eral symptoms [fever (2 cases) and myalgia (1 case)].

Discussion

In this study, approximately 65% of participants had
low or undetectable anti-HBs titers; and after booster
doses, only 3.0% of all participants remained nonim-
mune/suboptimal responders. Also, age (the time since
last vaccination) was associated with a lower antibody
level. These results are consistent with those of another
study conducted in our institution in which half of the
participants had low or undetectable anti-HBs titers
7).

Also, several studies showed that although the anti-
body response to hepatitis B in childhood vaccination is
very high and reaches 98%, the antibody level declines
rapidly soon after, and protective level is detectable in a
minority of vaccinees after 20 years (22, 23).

Most authorities believe that the diminished levels of
anti-HBs do not necessarily indicate loss of immunity
(24) and immunological memory in otherwise healthy
adults vaccinated in infancy may be preserved for dec-
ades after vaccination. Thus, booster dose is not neces-

Table 2. Multiple comparisons (Tukey HSD) of study groups

sary even in those with low antibody levels (25). On the
other hand, some believe that in HCP vaccinated in
infancy who have a nonprotective anti-HBs level, the
immune system may become overwhelmed by a highly
infectious HBV inoculum during a long professional
life (26).

Anti-HBs >10 IU/L is protective for people at risk of
this infection (27, 28). In the present study, 34.8% of
students had this level of antibody about 2 decades after
vaccination in infancy. This result is consonant with the
findings reported by previous studies that a minority of
individuals vaccinated in childhood are fully protected
against hepatitis B in adulthood with antibody level
above 10 IU/L. In a study in 420 adolescents aged 16-
19 years, born in the United States, who had received
the primary hepatitis B vaccine series, the protective
level of antibody was detected in 24.1% of participants
(29). In the mentioned study, the seroprotection rate
was significantly higher in participants who received
the first dose of vaccine before the seventh day after
birth compared to participants who received the first
dose 4 weeks after birth (33.9% and 16.7%, respective-
ly). In studies performed on younger age groups, it was
found that after childhood vaccination series, the ob-
tained seroprotection rate was higher, as in a study in
Egypt that found among participants aged 9 months to
16 years, 57.7% had antibody level >10 IU/l. In that
study, only 22.5% of the participants were over 15
years (30). Conversely, in another study in Naples, Ita-
ly, the rate of seroprotective antibody level was very
high in university students compared to other studies,
as 77% of the students vaccinated in infancy and 87.9%
of students vaccinated at 12 years old had anti-HBs >10
IU/L (26). However, the reason for this discrepancy is
not clear. These differences could be attributed to dif-
ferent vaccines or scheme of vaccination.

In the present study, 94.7% of participants with a low
antibody response showed a protective level of anti-
body after receiving a booster dose of hepatitis B vac-
cine. So, the overall protection reached 96.8% with a
single booster dose. An increase in anti-HBs titer de-

Dependent variable

Immunity status (End of the study)

@ ) Mean difference (I-J) p
Age Nonimmune Postboosting immune 2.547* 0.001*
Preboosting immune 2.541%* 0.002*
Postboosting immune Nonimmune -2.547* 0.001*
Preboosting immune -0.006 1.00
Preboosting immune Nonimmune -2.541* 0.002*
Postboosting immune 0.006 1.00
BMI Nonimmune Postboosting immune -0.641 0.84
Preboosting immune -0.770 0.79
Postboosting immune Nonimmune 0.641 0.84
Preboosting immune -0.129 0.96
Preboosting immune Nonimmune 0.771 0.79
Postboosting immune 0.129 0.96
Injection time Nonimmune Postboosting immune 0.326 0.97
from last shot Preboosting immune 2.543 0.14
Postboosting immune Nonimmune -0.326 0.967
Preboosting immune 2.218* <0.001*
Preboosting immune Nonimmune -2.543 0.14
Postboosting immune -2.218%* <0.001*

BMI: Body Mass Index, *p<0.05
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tected shortly after receiving a booster dose of the vac-
cine can be interpreted as an anamnestic response due
to preserved immune memory and guaranties adequate
protection against future HBV infection (14, 18).

In a cohort study on Alaska Natives vaccinated 6
months after birth, 50% had anti-HBs >10 IU/1 30 years
later. Offering an intramuscular booster dose of hepati-
tis B vaccine to individuals with anti-HBs <10 TU/L,
>90%, shows evidence of seroprotection 3 decades af-
ter the primary vaccination series in the study popula-
tion (20). Unfortunately, in most parts of the world,
measuring the antibody response after childhood vac-
cination is not affordable. Thus, in the present study,
there were no data on the primary protective response
in the students, but the number of primary nonrespond-
ers must be very low. In another study in Bulgaria, a
country with a moderate rate of hepatitis B virus infec-
tion, the majority of participants with a nonprotective
antibody level showed an anamnestic antibody re-
sponse by receiving a booster dose of vaccine. Thus,
authors concluded that a booster dose is not recom-
mended in national hepatitis B immunization programs
31).

In a study conducted in a territory hospital with high
prevalence of hepatitis B in Southeast Asia, anamnestic
response to a booster dose was detected in 95.8% of
participants 2 decades after a 4-dose childhood vaccina-
tion (32). Therefore, the evidence confirms that boost-
ing with recombinant vaccine is not currently recom-
mended for the general population in communities with
a high prevalence of hepatitis B infection (33). At the
same time, studies conducted in low prevalence com-
munities also indicate that adulthood booster dose in
the general population is not necessary (29).

In all the mentioned studies, the participants were not
exclusively HCP. In a university in Hong Kong, the
overall rate for anti-HBs >10 IU/L was 30.4% in medi-
cal and nursing students entering to health care disci-
plines who were vaccinated in infancy. In participants
with HBs-antibody level <10 IU/L who received 3
booster doses of vaccine, anti-HBs antibody was meas-
ured at 30 days after the first and third booster doses. In
this group, 30 days after the first booster dose, 85.5%
of the participants had anti-HBs level >10 IU/L and the
protective antibody level was achieved in all partici-
pants after the third dose. The authors recommended at
least 3 booster doses of hepatitis B vaccine for all HCP
vaccinated against hepatitis B in childhood (21). In a
study in Maryland, USA, from 159 HCP vaccinated in
adulthood, 123 (77%) had a protective antibody at least
10 years after vaccination. In the remaining partici-
pants, the protective level of antibody was achieved in
94% of the participants 3 weeks after receiving a boost-
er dose and the total protective antibody rate reached
97% in the study population (34). The authors conclud-
ed that booster vaccination is not necessary in the oth-
erwise healthy HCP. Thus, there is still controversy
about the need for booster vaccination and the value of
measuring antibody level before and after the booster
doses of vaccine for HCP vaccinated in infancy (35).

B. Bijani, et al.

Surprisingly, there is no consensus about prevaccina-
tion serological testing recommendations for medical
and nursing students in the European Union, as these
tests are not mandatory in the majority of countries.
Among 5 countries with such regulations, only HBs-
antibody is checked in France, but in the United King-
dom, HBs antigen, anti-HBc antibody and even HBV
DNA are recommended for medical students and HCP
(36). In the present study, 3.7% of medical, nursing,
and midwifery students did not show a protective level
of antibody to childhood vaccination despite receiving
a booster dose of hepatitis B vaccine. As the risk of
exposure to hepatitis B virus may be high in the forth-
coming professional life, it is of paramount importance
to identify students who do not respond to a booster
dose of vaccine at the beginning of the study courses in
medical disciplines.

In some studies, the response to a booster dose was
not associated with the prebooster anti-HBs concentra-
tion (28). However, in the present study, the antibody
response to the booster dose was significantly higher in
participants with a higher prebooster antibody. Similar-
ly, in the study of Salama et al, 98.1% of children with
prebooster anti-HBs level > 3.3 TU/L developed anam-
nestic response compared to 88.2% of those with lower
antibody level (p<0.0001) (30).

The overall adverse effects of the vaccination for
hepatitis B are low and the majority of them are local
symptoms. Local pain and discomfort at the injection
site, fatigue, irritability, and headache are seen in ap-
proximately one tenth of participants and 1% to 10%
report fever, malaise, loss of appetite, nausea, vomiting,
abdominal pain, and diarrhea (37, 38). However, more
serious complications, including thrombocytopenia,
neuritis, encephalitis, aseptic meningitis, erythema mul-
tiform, vasculitis, and anaphylactic reaction, are rare
(39). The participants of this study did not report any
severe adverse effects of vaccination and the only re-
ported systemic symptom were fever in 1 student and
myalgia in 2.

This study had some limitations. The first limitation
of this study was the lack of data about HBs antigen
and anti-HBc antibody of the participants because of
limited financial facilities. The second limitation was
that the study was performed in 1 center only. Thus,
future studies should be conducted in a multicenter set-
ting so that the findings would be generalizable for
clinical practice.

Conclusion

Results of this study showed sufficient immunity to
HBYV in the majority of health care students. However,
it is of high importance to identify students who do not
respond to a booster dose of vaccine at the beginning of
the study courses in health care disciplines. An alterna-
tive strategy may be implementation of compulsory
testing HBsAb | to 3 months after the completion of
childhood vaccination.
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