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Abstract Objectives This study aimed to assess hepatitis B surface antibody (anti-HBs)
persistence among dental students two decades after infant vaccination and immune
response after revaccination or booster dose in nonimmune groups.
Materials and Methods A cross-sectional study was performed using laboratory
reports for anti-HBs performed to dental students at the Umm al-Qura University from
2016 to 2020. Reports were classified according to baseline antibody titer into group I
(titer <10 mIU/mL), group II (titer 10 to <100 mIU/mL), and group III (titer �100
mIU/mL). The basal antibody titer of each group was correlated to student’s gender and
birth year and compared with postrevaccination or booster dose titer in groups I and II.
Statistical Analysis Data of baseline and postrevaccination anti-HBs antibody titers
were analyzed using Statistical Package for Social Science (SPSS). One-way ANOVA was
used to compare between different means for antibody titers of students as well as
baseline and postrevaccination antibody levels for nonimmune students with non-
protective antibody titers. Pairwise multiple comparison of the difference between
baseline and postrevaccination anti-HBs antibody titers were done by post hoc Tukey’s
honestly significant difference (HSD) test. Chi-squared test was used for comparing
between the frequencies. A p-Value of �0.05 was considered significant and p<0.01
was considered highly significant.
Results A significant percentage (73.6%) of students had antibody titer<10 mIU/mL,
while only 4.8% had antibody titer �100 mIU/mL with nonsignificant difference
between both genders (χ2 ¼3.784, p¼ 0.151). A statistically nonsignificant difference
was also found between the three categories of anti-HBs antibody titers among
students with different birth dates (χ2¼ 13.817, p¼0.182). After revaccination of
nonimmune students, 100% of them showed strongly protective antibody titers with
mean of 842.88 to 844.58 mIU/mL. A highly significant difference was observed
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Introduction

Hepatitis B is a major public health problem all over the
world. Health care professionals (HCP), whether they live in
an endemic region or not, are considered high-risk groups to
this disease.1 Consequently, dental professionals constitute
one of the most vulnerable HCP to infection by such diseases
due to their direct contact with blood and saliva as well as
their high rates of contact with contaminated sharp
equipment.2

In the 1970s, a vaccine against hepatitis B virus (HBV) was
developed and it has beenwidely distributed since 1986. It is
considered the main preventive method against hepatitis B
and is reported to be highly reliable, accurate, and safe.
Among dental practitioners, HBV vaccination is not only a
self-care practice but also the most effective measure to
protect patients’ health, reducing the incidence of the dis-
ease in their communities.3

A hepatitis B vaccine programwas started in Saudi Arabia
in 1989. Since then, Saudi Arabia implemented a national
strategy for the elimination of HBV infection by applying the
universal administration of HBV vaccine to all infants. Fur-
thermore, Saudi government conditioned the issuance of
birth certificates upon completion of the first-year vaccina-
tion program to confirm the maximum coverage of vaccina-
tion against HBV. The vaccination regimen established
include administration of the first dose of vaccine at birth,
the second at 1 month of age, and the third at 6 months of
age.4

Implementation of infant vaccination program in Saudi
Arabia resulted in significant improvements in the past
30 years in terms of decrease in HBV prevalence from 6.7%
to be around 1.3%. Regarding different age groups, in spite of
the lowHBV infection rates in the younger Saudi populations,
its prevalence in older people has not decreased, which
emphasizes the effectiveness of infant vaccination
programs.5–7

Although the effectiveness of the hepatitis B vaccination is
evident, the duration of protection after vaccination is not
exactly known in addition to the fact that some people
remain nonresponders to vaccine and do not develop ade-
quate anti hepatitis B surface antigen titer (anti-HBs) essen-
tial for protection against HBV.8,9

As determination of anti-HBs response after completion
of infant vaccination is not in practice in Saudi Arabia, the
aim of this studywas to assess the seroprotection of hepatitis
B vaccine in dental students at the Umm Al-Qura University
two decades after infant immunization and also to deter-

mine the immune response after adult revaccination among
students with nonprotective antibody level.

Materials and Methods

A cross-sectional study was conducted on the laboratory
reports of dental students’ anti-HBs antibody levels. Data
were collected from the database of the Infection Control
Unit, Faculty of Dentistry, Umm Al-Qura University, includ-
ing student’s gender, birth year, and baseline anti-HBs anti-
body levels as well as postrevaccination levels for students
who have a nonprotective baseline level. The reports includ-
ed were for students of preclinical training who received a
full course of infant vaccination for hepatitis B and did not
receive a booster dose the following years. Laboratory
reports of students whose infant immunization records
were not available or those with immunocompromised
disease were excluded from the study. Reports that were
performed in laboratories other than the Umm Al-Qura
university medical center or showing nonquantitative anti-
body levelswere also excluded.Measurement of HB antibody
levels at the university medical center was performed by the
ELIZA technique using the VITROS Anti-HBs Quantitative
Reagent Pack and the VITROSAnti-HBs Calibrators onVITROS
ECi/ECiQ Immunodiagnostic Systems analyzer (Ortho-Clini-
cal Diagnostics, Inc., Raritan, NJ, United States).

Sampling Technique and Sample Size Calculation
Sampling was done by the convenience sampling technique.
The sample size was calculated using the online calculator at
https://www.calculator.net/sample-size-calculator.html.
The total population size was 35, using a 95% confidence
interval, marginal error of 5%, and population proportion of
50%; the calculated sample size was 186.

Data Collection and Management
Data from laboratory reports available (from 2016 to 2020)
were collected not showing any nominative information,
identified by serial study code and initials. Two different
persons performed data entry; data were transferred to
statistical database directly after verification.

Study Procedure
Students’ reports were classified according to the baseline
antibody level into three groups; group I: reports of students
with nonreactive antibody titer (<10 mIU/mL); group II:
reports of students with reactive low antibody titer (10 to

between the mean baseline and postrevaccination antibody titers in both genders,
with a higher mean of post revaccination (p¼ 0.000).
Conclusion Two decades after infant immunization, a significant percentage of
dental students failed to maintain the anti-HBs seroprotective titer. So titer measure-
ment should be made compulsory before they begin their clinical training and
revaccination or booster dose should be given to nonimmune students to maintain
a high protection level.
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<100mIU/mL) and relatively immune; andgroup III: reportsof
students with appropriate antibody titer (�100 mIU/mL). The
antibody level ofeachgroupwascorrelated to student’sgender
and birth year. Then, antibody levels after receiving one
booster dose for group II or postrevaccination for group I
students were comparedwith their basal antibody titer (mea-
sured 6–8weeks either after thebooster dose or the 3rd dose).

Statistical Analysis Plan
Data of baseline and postrevaccination anti-HBs antibody
titers were analyzed using Statistical Package for social
Science (SPSS) software version 20. One-way analysis of
variance (ANOVA) was used to compare between different
means for antibody titers of students as well as baseline and
postrevaccination antibody levels for nonimmune students
with nonprotective antibody titers. Pairwise multiple com-
parison of the difference between the baseline and postre-
vaccination anti-HBs antibody titers by post hoc Tukey’s HSD
test was. Chi-squared test was used for comparing between
the frequencies. A p-value of �0.05 was considered signifi-
cant and p<0.01 was considered highly significant.

Ethical Part and Confidentiality
The study received ethical approval from the institutional
review board of the Umm Al-Qura University (IRB approval
no. HAPO-02-K- 012–2021–04–648).

Results

Demographic Characteristics of Participants
A total of 292 laboratory reports fulfilling the selection criteria
were included in the study. Female studentswere themajority
(197; 67.5%). The least number/percentage of reports (24;
8.2%) included in the study were for students born in 1995
and the highest number/percentage (63; 21.6%) was for stu-
dents born in 1999. With regard to gender, most of the male
students (26) were born in1999, and most females were born
in1998 (43). The number of reports for females were higher
than those formales every year except theyear 2000 (►Fig. 1).

Categorization of Laboratory Reports according to
Baseline Anti-HBs Antibody Titers in Relation to
Gender
The available reports included data of 197 (67.5%) females
and 95 (32.5%) males. The majority of students (73.6%) had

baseline antibody titer less than 10 mIU/mL, while only 4.8%
of them had antibody titer of 100 mIU/mL or more with a
nonsignificant difference between both genders (χ2 ¼3.784,
p¼0.151; ►Table 1).

Categorization of Laboratory Reports according to
Baseline Anti-HBs Antibody Titers in Relation to Birth
Year
The highest percentages of students with nonprotective
anti-HBs antibody titers (<10 mIU/mL) were those born
in 1998 and 2000 (75.5 and 75.6%, respectively). For those
with protective antibody titers (>100 mIU/mL), the highest
percentage (11.1%) was among students born in 1996. A
statistically nonsignificant difference was found between
the three categories of anti-HBs antibody titers among
students with different birth years (χ2¼13.817, p-
value¼0.182; ►Fig. 2).

Anti-HBs Antibody Titers before and after
Revaccination/Booster Dose of Nonimmune Students
The anti-HBs antibody titers mean was increased after
revaccination in both male and female students where it
increased in males from 10.08 to 844.58 mIU/mL and in
females from 20.49 to 842.88 mIU/mL. Statistically, a highly
significant difference was observed between mean baseline
and postrevaccination antibody titers in both genders
(p¼0.000; ►Table 2).

Table 1 Distribution of baseline anti-HBs antibody titer in relation to gender

Gender Baseline anti-HBs antibody titer (mIU/mL)

>10
No. (%)

10 to >100
No. (%)

�100
No. (%)

Total
No. (%)

Males 76 (80%) 17 (17.9%) 2 (2.1%) 95 (32.5%)

Females 139 (70.6%) 46 (23.4%) 12 (6.1%) 197 (67.5%)

Total 215 (73.6%) 63 (21.6%) 14 (4.8%) 292 (100%)

χ2 (p-value) 3.784 (0.151)

Abbreviations: No., number of subjects.
Note: p-Value is significant at �0.05.

Fig. 1 Demographic characteristics of participants.
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Multiple Comparison of the Difference between
Baseline and Postrevaccination Anti-HBs Antibody
Titers
A comparison of the differences between the mean values
revealed that the mean baseline anti-HBs antibody titer was
higher in female students than in male students, while the
mean postrevaccination titer was higher in male students
than in female students with a nonsignificant difference
between both genders in either situation (p¼0.977 and
1.000, respectively).

On the other hand, the mean postrevaccination anti-HBs
antibody titers in both males and females was higher than
the mean baseline titers with a highly significant difference
between the means in both genders (p¼0.000; ►Table 3).

Discussion

HBV infection is still a significant public health burden in
Saudi Arabia despite being the first country in the Middle
East to adopt the HBV vaccine and achieving significant
progress in prevention of the virus.10 Previous studies con-
cluded that transmission of HBV in Saudi Arabia is mainly
through blood and its derivatives, hemodialysis, or by intra-
venous or percutaneous means.7 Percutaneous injuries by
needle sticks constitute a significant occupational hazard
among dental professionals and students.11,12 Thus, their
vaccination and maintenance of adequate antibody levels is
of utmost importance. Anti-HBs antibody is the serological
marker measured to assess immunity induced by the HBV
vaccine.13 However, determination of the anti-HBs antibody
titer is not in practice after completion of vaccination.8

The aim of this studywas to assess the persistence of anti-
HBs antibody after two decades of infant vaccination among
dental students and determine the immune response after
revaccination of nonimmune participants.

Vaccination in Saudi Arabiawas introduced in 1989 for all
infants at birth, and in 1990 for all school children.14 So
laboratory reports for anti-HBs antibodies investigated in the

Table 2 Means and standard deviations of baseline and postrevaccination/booster dose anti-HBs antibody titers among
nonimmune students

Variable Gender

Males (n=95) Females (n=127)

Mean SD Min Max Mean SD Min Max

Baseline anti-HBs antibody titer 10.08 29.55 0.00 257.00 20.49 53.14 0.00 541.46

Postvaccination/booster dose
anti-HBs antibody titer

844.58 292.20 103.53 1000 842.88 280.34 123.00 1000

F (p-Value) 800.707 (0.000a)

Abbreviations: Max, maximum; Min, minimum; no, subjects’ numbers; SD, standard deviation.
ap< 0.01 highly significant.
Note: p-Value is significant at p � 0.05.

Fig. 2 Baseline anti-HBs antibody levels according to birth year.

Table 3 Pairwise comparison of the difference between baseline and postrevaccination anti-HBs antibody titers by Tukey’s HSD
test

Comparison groups Mean difference p-Value

Mean male baseline versus mean female baseline titers �10.40850 0.977

Mean male baseline versus mean male postrevaccination titers �834.49640 0.000a

Mean female baseline versus mean female postrevaccination titers �822.38991 0.000a

Mean male postrevaccination versus mean female postrevaccination 1.69799 1.000

ap< 0.01 highly significant.
Note: p-Value is significant at p � 0.05
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present study were for students born from 1995 to 2000 to
confirm that they received the infant HBV vaccine.

Despite the implementation of immunizationprograms in
Saudi Arabia, timely dose at birth and three-dose coverage
are estimated to be at �98% of Saudi infants.15 So the
infection control policy of College of Dentistry, Umm Al-
Qura university, is to review the infant immunization records
of students, if available, to assess their vaccination status.
Many of the male students in the present study did not
provide copies of these records and were excluded from the
study. This explains the higher number of female partici-
pants included in the study. The lowest number of reports
included in the study corresponded to students born in 1995,
whichmay be due to the fact that our collegewas established
in 2009, and few students had registered at that time. On the
other hand, the highest percentage was for students born in
1999, which is attributed to the high total number of
students registered at the college during that year.

Vaccinated students were categorized according to their
anti-HB antibody titer. Those having anti-HBs antibody titer
of <10 mIU/mL were considered as having nonprotective
immunity, those with titer of 10 to <100 mIU/mL as having
weak immunity, and those with a titer of �100 mIU/mL as
having an appropriately high immunity.16

In the current study, the anti-HBs baseline antibody titer
was measured during the period from 2016 to 2020 after
21 years from infant immunization. Most students (73.6%)
were nonprotected. This confirms the findings of previous
studies that the immunity effect of hepatitis B vaccine
diminishes with time.8,17,18

In comparison with previous studies conducted on the
same age group, the percentage of participants showing low
anti-HBs antibody titers after 21 years from infant vaccina-
tion is lower than previously detected in Asir region, Saudi
Arabia, during the period from 2012 to 2013 (88.9%) 4 and in
Canada (81.5%) during the period from 2013 to 2014.19 On
the other hand, it was higher than those detected in studies
performed on medical students, Taibah University, Saudi
Arabia (51%),20 medical and dental students in Malaysia
(66.14%),21 and on Chinese subjects vaccinated with plas-
ma-derived hepatitis B vaccine (35.6%).17

The difference in percentages in the different studies may
be attributed to the number of doses received.22 Other
explanations may be deficiencies of vaccine implementation
in different regions, time interval between the first and last
doses of primary vaccination, and failure of vaccination in
some localities that could result from improper vaccine
freezing or vaccine damage.17Moreover, variation in vaccine
brand and manufacturing company are also among the
causes of differences in response,8 where anti-HBs titer
declined more rapidly among vaccinated individuals who
had received recombinant rather than plasma-derived HB
vaccine.23 The decline in antibody concentration is related
not only to the age at primary vaccination but also to the
initial anti-HBs concentration.24 Vaccination schedule is
another contributing factor as higher anti-HBs antibody level
post infant vaccination was reported when the interval
between the doses was longer.25

As there is no routine assessment of vaccine response by
measuring the anti-HBs antibody titers shortly after infant
vaccination, we do not knowwhether the students recruited
with nonprotective antibody titer had previously developed
antibody responses or whether they were nonresponders to
the vaccine. A considerable number of these students had
zero levels of anti-HBs antibodies.

In the present study, the total percentage of students
showed protective antibody titers whether with low immu-
nity titer of 10 to <100 mIU/mL or high immunity titer of
�100 mIU/mL, support the previous assumption that the
persistence of protective levels of anti-HBs antibody could
happen due to adequate immune response to infant
vaccination.19

The nonsignificant difference between the baseline anti-
HBs antibody titers in students with different birth years
observed in the present study could be due to closely similar
number of students in different years. There were nonsignif-
icant differences in the anti-HB antibody levels between both
genders, supporting the previous reports that concluded that
gender has no influence on seroconversion after HBV vacci-
nation.22 However, higher percentages of males having non-
protective antibody titer observed could be explained by
the previous finding that suggested the role of gender in
the nonresponse to HBV vaccine among Asians. This was
attributed to few immunological genes expressed on male Y
chromosome in contrast to numerous genes on female X
chromosomes that play a fundamental role in immune
competence, accounting for vaccine response heterogeneity
in both genders. But the authors recommend further studies
to confirm this issue.26,27

The protocol established by the infection control unit at
the Umm Al-Qura university dental teaching hospital obli-
gates studentswith anti-HBs antibodies titers<10mIU/ml to
be revaccinated with three doses of the HBV vaccine in
accordance with the guidelines of the Centers for Disease
Control and Prevention (CDC).28 Furthermore, students with
anti-HBs antibody titers of 10 to<100 mIU/ml, being a high-
risk group of health care workers, are advised one booster
dose of HBV vaccine according to the United Kingdom and
Germany policy for health care workers.29 These policies
consider an anti-HBs titer �100 mIU/ml a successful
vaccination.

Highly significant differences were observed between the
mean baseline and postrevaccination antibody titers in both
genders in the present study with higher levels reported
postrevaccination. The increased antibody titer after revac-
cination is immunologically explained by the previous exis-
tence of humoral immune responses induced by infant
vaccination. This response is generated as part of adaptive
immune defenses to foreign antigens. After initial exposure
to the HB antigen, B lymphocytes are activated and differen-
tiate into plasma cells and memory B cells. Plasma cells
produce antibodies specific to the antigen for clearance, and
memory B cells remain for faster antibody production with
future exposures to the antigen (e.g., with revaccination).16

To accomplish long-term immunity after infant vaccina-
tion in dental students, being a high-risk group, the policy of
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our dental college is to revaccinate students with anti-HBs of
<10 mIU/ml with three doses of vaccines and those with
anti-HBs titer of 10 to <100 mIU/ml with one booster dose.
By adhering to this policy, students in the present study
reported 100% seroconversion of anti-HBs antibody with a
highly significant differencebetween themeanvalues of pre-
and postrevaccination antibody titer. This could be attribut-
ed to anamnestic response, which is defined as an increase in
the anti-HBs concentration of four times or more after the
booster vaccine.28

On the other hand, different policy of giving only one
booster dose for those having anti-HBs of <10 mIU/ml,
followed in other countries, revealed seroconversion in lower
percentages of participants. Previous studies on health care
workers in Brazil and Thailand reported seroconversion only
in 74.1 and 85%, respectively, with considerable percentages
of participants (14.7 and 15%, respectively) still having anti-
HBs antibody level <10 mIU/ml after a booster dose.30,31

Wider scale studies on the general population in Italy and
China support our policy,where 94.2 and 90% of participants,
respectively, demonstrated increased anti-HBs post booster
dose, while the titer remained <10 mIU/ml in 5.8 and 6.9%,
respectively.32,33 These percentages with nonresponse to a
booster dose are likely explained by the possible loss of
immunologic memory 17 to 18 years after primary vaccina-
tion.34 Another important result that supports our policy is
the percentage reduction of nonresponders (titer <10
mIU/ml after one booster dose) among Brazilian and Italian
study participants with antibody levels decreased to 2.7 and
0%, respectively, after completing three vaccine doses.30,32

Conclusion

In conclusion, two decades after infant immunization, a
significant percentage (73.6%) of dental students failed to
maintain seroprotective antibody titer against HBV (<10
mIU/ml). But a small percentage of them still have a highly
protective titer (�100 mIU/mL). After revaccination of non-
immune students, 100% of them showed a highly protective
antibody titers.

Therefore, it is strongly recommended to measure anti-
HBs antibody titer in all dental students to assess their level
of protection before they start clinical training. Accordingly,
either one booster dose or a full course of revaccination
should be administered with reevaluation of the antibody
level to maintain the desired long-term seroprotection in
dental students. Moreover, the threshold for hepatitis B
vaccine–induced immunity in dental students should be
revisited to maximize the duration of protection from occu-
pational exposure. In addition, a national strategy to study
the threshold and elucidate the immunememory after infant
immunization in Saudi Arabia is recommended to assist in
reducing the number of administered booster doses of
vaccine.

The strengths of the present study include verification of
students’ HBV vaccination by vaccination records and post-
vaccination follow-up with quantitative anti-HBs antibody
titers. The main limitations of this study are small sample

size of students in one region and nonselection by random
sampling, due to which the results could not be generalized
to other regions. However, the consistencyof our resultswith
those from previously published studies supports the validi-
ty of these results. The other limitation is that some factors
affecting immune response to vaccine such as smoking and
body mass index (BMI) were not addressed.
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