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INTRODUCTION

ﬂ/epatitis B virus (HBV) infection is a major global
health problem that is associated with chronic

Background: Hepatitis B virus (HBV) infection is a major global health problem,
and healthcare workers (HCWs) are at high risk for HBV infection. Current
guidelines strongly recommend immunization and screening for high-risk groups.
Aims: We evaluated immunization and screening for HBV vaccination, assessed
post-vaccination immune status of HCW’s and characterized potential risk factors
associated with poor immune response. Materials and Methods: From January
2010 to December 2018, we retrospectively analyzed comprehensive health checkup
data for a total of 303 HCWs who received an HBV vaccination. After vaccination,
HBYV surface antibody (anti-HBs) titers were collected and the distribution of
immune response types was determined. Risk factors for poor immune responses
were identified using logistic regression. Results: A total of 213 HCWs were
analyzed after exclusion based on the exclusion criteria. In total, 28 (13.2%)
HCWs had anti-HBs titers <100 mIU/mL (hyporesponsive/nonresponsive
groups), and 185 (86.8%) had anti-HBs titers >100 mIU/mL (hyperresponsive
group). Follow-up observations found that 75% (21/28) of the hyporesponsive/
nonresponsive groups did not have increased anti-HBs titers or did not maintain
an increased response. A multivariate analysis showed that HBV antibody titers at
the time of employment were a significant risk factor (OR, 6.12; CI, 1.34-27.93;
P = 0.019). Conclusions: More attention should be paid to groups that are
hyporesponsive/nonresponsive after vaccination and to those with low anti-HBs
titers at the beginning of employment. HCWs can be further protected from HBV
if their results are discussed at postvaccination follow-ups.
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62,000 HBV infections are associated with blood-borne
transmission.

Although there has been a dramatic improvement in

liver disease, cirrhosis, and hepatocellular carcinoma.
Approximately 2 billion people are infected around the
world, 240 million people are chronic HBV carriers,
and approximately 800,000 people die from liver
cancer and cirrhosis each year.!'! In Korea, the majority
of chronic HBV infections in children are caused by
vertical infection; however, adults, especially healthcare
workers (HCWs), are often infected through exposure to
blood or body fluids.**! According to the World Health
Organization (WHO), approximately 5.6% of HCWs
worldwide are infected with HBV, and approximately
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antiviral therapy for HBYV, only a subset of patients
has a sustained response to treatment. Thus, primary
prevention of HBV infection by vaccination is known
to be an effective preventive measure to reduce the
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incidence of HBV infection and chronic liver disease
and to reduce the number of chronic carriers.>” HCWs
are a high-risk group for HBV infection because of their
frequent occupational exposure. Therefore, the American
Association For The Study Of Liver Disease (AASLD)
2018 Guidelines strongly recommend immunization
and screening for this high-risk group.®!% Generally,
a fully immunized individual does not need a booster
vaccination, but some patients do not respond to the
standard 3-dose HBV vaccine inoculation.!''? Hence,
individuals at high risk, such as HCWs, represent
groups for which postvaccination evaluations and
periodic monitoring of HBV surface antibody (anti-HBs)
development are recommended.'” Following the
recommendations of the WHO, anti-HBs titers are
usually measured 6-8 weeks after the completion of
three vaccinations to measure the immune response.
Levels of measured anti-HBs titers >10 mIU/mL are
generally considered to be protective.l'¥

In Korea, the Korea Centers for Disease Control and
Prevention guidelines recommend that HCWs be
vaccinated; however, if the administered anti-HBs test
is negative, it is recommended to revaccinate these
individuals, but there are no detailed recommendations
for anti-HBs follow-up tests. For that reason, there is a
lack of research on the acquisition of HBV immunity
in HCWs in Korea. Thus, this study aimed to assess
the postvaccination immune status of HCWs and to
characterize potential risk factors associated with a poor
immune response.

METHOD AND MATERIALS

Study design and settings

This study is a retrospective observational study
conducted from January 2010 to December 2018 at
the Samsung Changwon Hospital, Sungkyunkwan
University School of Medicine, Changwon, Korea
with HCWs who received the HBV vaccination in an
employee comprehensive health checkup. Employee
comprehensive health checkups are carried out at the
hospital every year, and the HBV vaccination was
administered when anti-HBs levels were < 10 mIU/mL.
To confirm the vaccine-induced immune response after
the vaccination, we conducted anti-HBs testing during
the next comprehensive employee screening. The data
used in this study are comprehensive screening data
that measure HBV antibodies at one-year intervals. We
observed changes in antibody levels after the initial
antibody immune response. After inoculation, changes
in anti-HBs levels were analyzed by dividing HCWs
into nonresponsive (anti-HBs titers < 10 mlU/mL),
hyporesponsive (anti-HBs titers of 10-100 mIU/mL),

and hyperresponsive (anti-HBs titers > 100 mIU/mL)
groups. When additional inoculations were carried out,
changes in the anti-HBs titers were also observed after
the additional inoculation. The change or persistence
of the antibodies after inoculation over the observation
period was examined. Since the need for revaccination
was high in the hyporesponsive group, the factors
associated with the nonresponsive and hyporesponsive
groups were analyzed and compared to those associated

with the hyperresponsive group.

Sample collection and vaccination schedule

The following data were collected from each subject
before vaccination: age at vaccination, sex, weight,
height, waist circumference, and body mass index (BMI).

Blood samples anti-HBs
titers and liver before
vaccination. Liver function blood tests included
aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP),
y-glutamyl transpeptidase (GGT), albumin, total
bilirubin, and direct bilirubin. Fatty liver, a variable
factor, was judged to be positive when the calculated
fatty liver index (FLI) value was more than 60 or when
ultrasonography showed evidence of a fatty liver.[!>!¢
The FLI is calculated as follows:

FLI = (% x

X Loge (GGT)+0.053%(waist circumference)-1 5.745)/

were obtained for the
function blood tests

Loge (triglycerides)+0.139 >« BMI + 0.718

a1 +

X LOgC (GGT)+0.053x(waist circumference)-1 5,745) X 1 OO

e().953 X LOge (triglycerides)+0.139  x  BMI + 0.718

The lipid accumulation product (LAP), which is useful
for the diagnosis of fatty liver, was also identified as a
single variable factor.'” LAP was calculated as follows:

LAP = ((waist circumference - 65)x triglycerides) for
men, or ((waist circumference - 58) x triglycerides) for
women

All HCWs received intramuscularly administered
HBV surface antigen (HBsAg) vaccinations, and all
vaccinations were scheduled for 0, 1 and 6 months-post
initial inocluation. After the initial 3-dose vaccination
process, if the anti-HBs titer were < 10 mIU/mL, then an
additional vaccine schedule was needed, and the HCW
was inoculated with an additional round of vaccination.
The additional vaccination schedule was also 0, 1, and
6 months.

HCWs  with  the  following  criteria  were
excluded: those who  were  HBsAg-positive,
hepatitis C  (HCV)  antibody-positive,  human

immunodeficiency virus (HIV)-positive, or HBV core
antibody (HBcAb)-positive; those who had anti-HBs
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titers >10 mlIU/mL but were vaccinated; those for
whom we could not confirm their immune response

Table 1: Distribution of immune response types
following anti-HBs titer measurements

Frequency Percentage
Type of response™* (n=213)
Nonresponsive 3 1.41
Hyporesponsive 25 11.74
Hyperresponsive 185 86.85

*Nonresponsive, anti-HBs titer <10 mIU/mL; hyporesponsive,
anti-HBs titer between 10 and 100 mIU/mL; hyperresponsive,
anti-HBs titer >100 mIU/mL

because there was no follow-up examination after the
vaccination; and those who did not have information at
the health checkup.

Statistical analysis

The program used for statistical analysis was Stata,
version 14.0 for Windows (Stata Corporation, College
Station, TX, USA). We used descriptive statistics to
describe demographic characteristics of the participants.
To compare the two groups, we used Pearson’s
Chi-squared test or Fisher’s exact test for categorical
data and the Mann-Whitney U test for continuous
data. Associated factors of poor immune response

Table 2: Demographic characteristics of HCWs and comparison of nonresponsive and hyporesponsive groups versus
hyperresponsive group

Overall <100 mIU/mL* >100 mIU/mL* P

Total HCWs 213 28 (13.2) 185 (86.8)
Sex, n (%) <0.001

Male 82 (38.5) 20 (71.4) 62 (33.5)

Female 131 (61.5) 8 (28.6) 123 (66.5)
Age, years 31.0 (28.0; 39.0) 38.0 (30.5; 44.0) 31.0 (28.0; 38.0) 0.007
Age, n (%)

<30 74 (34.7) 7 (25.0) 67 (36.2) 0.209

30-45 113 (53.1) 15 (53.6) 98 (53.0)

>45 26 (12.2) 6(21.4) 20 (10.8)
Waist circumference, cm 72.0 (66.0; 80.0) 79.7 (69.5; 90.5) 71.9 (65.0; 79.0) 0.002
BMI, kg/m? 21.7 (19.7; 23.8) 24.5(21.1; 27.3) 21.6 (19.6; 23.2) <0.001
BMI, n (%)

<25 176 (82.6) 14 (50.0) 162 (87.6) <0.001

25-30 31 (14.6) 11 (39.3) 20 (10.8)

>30 6(2.8) 3(10.7) 3(1.6)
Total cholesterol, mg/dL 178.0 (161.0; 203.0)  178.0 (164.0; 216.5) 178.0 (158.0; 200.0) 0.296
Triglyceride, mg/dL 74.0 (57.0; 109.0) 91.0 (63.0; 144.5) 72.0 (57.0; 102.0) 0.050
HDL cholesterol, mg/dL 62.0 (50.0; 71.0) 57.0 (42.5; 63.0) 63.0 (51.0; 72.0) 0.031
LDL cholesterol, mg/dL 103.0 (86.0; 128.0) 105.0 (94.0; 144.5) 102.0 (84.0; 126.0) 0.237
FLI*, n (%) <0.001

Positive 26 (12.2) 10 (35.7) 16 (8.7)

Negative 187 (87.8) 18 (64.3) 169 (91.3)
LAP 9.3 (4.6; 18.5) 18.5(5.8; 36.9) 8.9 (4.5; 17.6) 0.011
Anti-HBs titer at the beginning of employment, n (%) 0.003

>10 mIU/ml 66 (31.0) 2(7.1) 64 (34.6)

<10 mIU/ml 147 (69.0) 26 (92.9) 121 (65.4)
AST, IU/L 17.0 (15.0; 22.0) 19.0 (14.0; 29.5) 17.0 (15.0; 21.0) 0.325
ALT, TU/L 14.0 (10.0; 21.0) 18.5(13.5; 29.5) 13.0 (9.0; 19.0) 0.002
ALP, IU/L 62.0 (54.0; 77.0) 65 (53.0;91.0) 61.5 (54.0; 76.0) 0.379
GGT, IU/L 13.0 (10.0; 20.0) 20.5 (15.0; 28.5) 13.0 (10.0; 18.0) <0.001
Albumin, g/dL 4.8(4.5;4.9) 4.8 (4.6; 5.0) 4.7 (4.5;4.9) 0.234
Bilirubin (total), mg/dL 0.6 (0.4; 0.8) 0.6 (0.3; 0.8) 0.6 (0.4; 0.8) 0.383
Bilirubin (direct), mg/dL 0.2 (0.1; 0.3) 0.2 (0.1;0.2) 0.2 (0.1; 0.3) 0.361
HbAlc, % 5.3(5.1;5.5) 5.4(5.1;5.5) 5.3(5.1;5.5) 0.187

Values are presented as the median (Q1; Q3) or n (%), n: number of HCWs, %: percentage, BMI: body mass index, HDL: high density lipoprotein,
LDL: low density lipoprotein, FLI: fatty liver index, anti-HBs: HBV surface antibody, LAP: lipid accumulation product, AST: aspartate
aminotransferase, ALT: alanine aminotransferase, ALP: alkaline phosphatase, GGT: y-glutamyl transpeptidase, HbAlc: hemoglobin Alc.,
*FLI value was more than 60 or there were liver ultrasonographic fatty liver findings, "the anti-HBs titers of the nonresponsive group plus the
hyporesponsive group, ‘the anti-HBs titers of the hyperresponsive group
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were analyzed using logistic regression. Multivariate
analysis of factors with a P value less than 0.05 was
performed in a univariate analysis. P < 0.05 were
considered statistically significant. The clinical protocol

analyzed after exclusion based on the exclusion
criteria. Among 213 HCWs, 28 (13.2%) had
anti-HBs titers <100 mlIU/mL (hyporesponsive and
nonresponsive groups) and 185 (86.8%) had anti-HBs

was reviewed and approved at the hospital by the

o , titers >100 mIU/mL (hyperresponsive group). The results
Institutional Review Board (SCMC 2019-02-001).

demonstrating the HBV vaccine immune responses via

RESULTS the HBYV titers are shown in Table 1.

Data were collected from a total of 303 HCWs, The demographic characteristics and comparisons
and the data from 213 HCWs were subsequently  between the nonresponsive and hyporesponsive groups

Table 3: Changes in the anti-HBs titers observed every year according to the type of immune response after inoculation
Anti-HBs >10 mIU/mL, after Anti-HBs <10 mIU/mL, Anti- HBs >10 mIU/mL,
initial vaccination®, n (%) after revaccination?, n (%) after revaccination’, n (%)

Type of response*

Nonresponsive (n=3) 0(0) 3 (100) 0(0)
Hyporesponsive (n=25) 7 (28) 10 (40) 8(32)
Hyperresponsive (n=185) 181 (97.84) 3(1.62) (0.54)

n: number of HCWs, %: percentage of HCWs, anti-HBs: HBV surface antibody. *Nonresponsive, anti-HBs titer <10 mIU/mL);
hyporesponsive, anti-HBs titer between 10 and 100 mIU/mL; hyperresponsive, anti-HBs titer >100 mIU/mL. "Those who maintained
anti-HBs titers >10 mIU/mL without additional vaccination during the observation period after inoculation. *Those who required an
additional booster vaccination during the observation period after initial inoculation but had anti-HBs titers that remained <10 mIU/mL
even after the additional inoculation. ¥ Those who required an additional booster vaccination during the observation period after initial
inoculation and successfully maintained anti-HBs titers >10 mIU/mL

Table 4: Univariate and multivarite analysis of factors associated with the nonresponsive and hyporesponsive groups

Crude Adjusted
OR (95% CI) P OR (95% CI) P

Sex

Male 4.96 (2.07-11.90) <0.001 2.66 (0.95-7.42) 0.062

Female Reference - Reference -
Age 1.08 (1.03-1.13) 0.002 1.05 (0.99-1.12) 0.087
Waist circumference 1.07 (1.03-1.10) <0.001 - -
BMI 2 1.25(1.12-1.41) <0.001 - -
Total cholesterol 1.01 (0.99-1.02) 0.305
Triglyceride 1.01 (1.01-1.01) 0.030 - -
HDL cholesterol 0.97 (0.94-0.99) 0.025 1.00 (0.97-1.04) 0.837
LDL cholesterol 1.01 (0.99-1.02) 0.319
FLI*

Positive 5.87(2.32-14.84) <0.001 1.01 (0.24-4.18) 0.988
Negative Reference - Reference -
LAP 1.02 (1.01-1.03) 0.007 1.01 (0.99-1.02) 0.216

Anti-HBs titer at the beginning of employment
>10 mIU/mL Reference - Reference -
<10 mIU/mL 6.88 (1.58-29.90) 0.010 6.12 (1.34-27.93) 0.019

AST 1.01 (0.98-1.03) 0.589

ALT 1.01 (0.99-1.03) 0.194

ALP 1.02 (0.99-1.05) 0.139

GGT 1.00 (0.99-1.01) 0.575

Albumin 1.11 (0.93-1.32) 0.259

Bilirubin (total) 1.00 (0.88-1.13) 0.970

Bilirubin (direct) 0.84 (0.53-1.34) 0.468

HbAlc 1.09 (0.95-1.24) 0.213

BMI: body mass index, HDL: high density lipoprotein, LDL: low density lipoprotein, FLI: fatty liver index, anti-HBs: HBV surface

antibody, LAP: lipid accumulation product, AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkaline phosphatase,
GGT: y-glutamyl transpeptidase, %: percentage, *: FLI value was more than 60 or there were liver ultrasonographic fatty liver findings
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versus the hyperresponsive group are described in
Table 2. HCWs in the hyporesponsive and nonresponsive
groups were more likely to be male (71.4% in the
hyporesponsive/nonresponsive groups vs 33.5% in
the hyperresponsive group, P < 0.001), older (38.0
vs 31.0 years, P = 0.007), have a higher waist
circumference (79.7 vs 71.9 c¢cm, P = 0.002), higher
BMI (24.5 vs 21.6 kg/m?, P < 0.001), more fatty
liver (35.7% vs 8.7%, P < 0.001), and higher LAP
values (18.5 vs 8.9, P = 0.011). Conversely, HBV
antibody titers at the beginning of employment (7.1% vs
34.6%, P = 0.003) and high density lipoprotein (HDL)
cholesterol (57.0 vs 63.0 mg/dL, P = 0.031) were lower
in both the hyporesponsive and nonresponsive groups
compared to the hyperresponsive group.

After vaccination, the mean time to anti-HBs follow-up
was 44.6 months. After inoculation, 21 of the 28 (75.0%)
HCWs in the hyporesponsive and nonresponsive
group required a booster vaccination. Among these 21
HCWs, 13 (61.9%) did not maintain an anti-HBs titer
above 10 mIU/mL after the booster vaccination. In the
hyperresponsive group, antibody follow-up revealed that
181 of 185 (97.84%) HCWs maintained protective levels
from the initial immune response and did not require
additional vaccinations. Changes in anti-HBs titers were
analyzed and categorized; these changes are shown in
Table 3.

Multivariate analysis of the risk factors associated
with the HBV wvaccine in the nonresponsive and
hyporesponsive groups are described in Table 4. In
univariate analyses, factors found to be more significantly
associated with the nonresponsive and hyporesponsive
groups included being male (odds ratio (OR), 4.96;
confidence interval (CI), 2.07-11.90; P < 0.001), being
older (OR, 1.08; CI, 1.03-1.13; P = 0.002), having
a higher waist circumference (OR, 1.07; 1.03-1.10),
higher BMI (OR, 1.25; CI, 1.12-1.41; P < 0.001), higher
triglycerides (OR, 1.01; CI, 1.01-1.01; P = 0.030), higher
LAP (OR, 1.02; CI, 1.01-1.03; P = 0.007), lower HDL
cholesterol (OR, 0.97; CI, 0.94-0.99; P = 0.025), having
a fatty liver (OR, 5.87; CI, 2.32-14.84; P < 0.001)
and having low anti-HBs titers at the beginning of
employment (OR, 6.88; CI, 1.58-29.90; P = 0.010). After
adjusting for other factors, the anti-HBs titers at the
beginning of employment remained a significant factor
in the logistic regression (OR, 6.12; CI, 1.34-27.93;
P =0.019).

DISCUSSION

Hepatitis B virus (HBV) infection is a major global health
problem and high-risk groups such as HCWs are highly
exposed to HBV; therefore, vaccination is recommended

in HCWs with anti-HBs titers <10 mIU/mL, regardless
of previous vaccination status.®!

In Korea, the seroprevalence of HBV among HCWs
was as follows: approximately 76.9% were positive for
anti-HBs and 73.1% had anti-HBs titers >100 mIU/mL.
Approximately 25% of the HCWs in this study stated that
they needed to be vaccinated for HBV.I'®! Additionally,
our study found that 13.2% of HCWs had a nonresponse
or a hyporesponse to HBV vaccination, and 75%
of these individuals received an additional booster
vaccination. We investigated the immune response and
potential factors associated with poor immunization
response following the HBV vaccination.

Recently, the prevalence of undetectable vaccine-induced
immunity in high-risk adult HBV patients was studied
in the United States; despite recommendations for
national vaccination for the prevention of HBV in
certain high-risk groups, the prevalence of undetectable
vaccine-induced immunity was not significantly different
between high-risk and non-high-risk groups."” The
conclusions of this study indicate that immunity to
HBV in high-risk groups should be improved, and a
rescreening of high-risk groups may contribute to the
prevention of HBV infection. In our study, HCWs,
who have a high risk for HBV infection, were screened
for anti-HBs titers, and our results indicated that 75%
of the nonresponsive/hyporesponsive groups required
revaccination. Therefore, more aggressive follow-up for
hyporesponsive and nonresponsive groups in screening
for anti-HBs after vaccination will help prevent HBV
infection.

In our study, three (1.41%) out of 213 HCWs were
nonresponsive after vaccination, all of which were
revaccinated. Nevertheless, their anti-HBs titers
remained less than 10 mlIU/mL after revaccination.
Previous studies have shown that the nonresponse rate
after vaccination in adults is 5-10%.2% In addition,
revaccination for nonresponders results in a 15-25%
antibody response after one vaccination dose and a
30-50% antibody response after three vaccination
doses.?!! Perhaps the reason our study differs from
previous studies is that the overall sample size was
small, with a small number of nonresponders.

During the mean follow-up period of 44.6 months,
the additional revaccination rate was 75% (21/28)
in the HCWs with anti-HBs titers <100 mIU/mL
after vaccination in our study. Among these HCWs,
13 (61.9%) did not maintain their anti-HBs titers
above 10 mlU/mL after the additional vaccination.
Compared to other studies, the amount of time before
becoming anti-HBs-negative was shorter in this study
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in the hyporesponsive and nonresponsive groups. Other
previous studies reported that the rate of becoming
antibody-negative after vaccination was 7-50% within
5 years and 30-60% within 10 years in adults.??) The
results from our study showed that in HCWs, the
hyporesponsive and nonresponsive groups required
active follow-up after vaccination, which was 38.1%
effective along with additional vaccinations. The
majority of research in previous studies has focused on
the nonresponsive group because the level of protective
anti-HBs titers 10 >mIU/mL; however, other previous
studies showed that active research is needed for the
hyporesponsive group.!'*?3! Therefore, in this study, the
hyporesponsive and nonresponsive groups (anti-HBs
titers <100 mlU/mL) were compared with the
hyperresponsive group (anti-HBs titers >100 mIU/mL)
to analyze associated factors.

Our results demonstrate that low anti-HBs titers at
the beginning of employment remained significantly
associated with poor immune responses to vaccination
in the multivariable analysis (OR, 6.12; CI, 1.34-27.93;
P = 0.019). At the beginning of employment, if the
HCW had anti-HBs titers > 10 mIU/mL and they were
negative for HBcAb, then they had been previously
vaccinated for HBV and had maintained a protective
level of anti-HBs. However, in some cases, even after
previously receiving an HBV vaccination, some HCWs
may be negative for the antibody at the beginning of
their employment; therefore, this variable does not
completely represent a history of hepatitis vaccination.
However, this is still a good source of information,
and as those who received the HBV vaccine previously
and maintained a protective level of the antibody were
more likely to respond better to the additional HBV
vaccination.

We tried to verify the association between the studied
variables and fatty liver risk factors related to vaccination.
In the AASLD 2018 Clinical Practice Guidelines, those
with elevated levels of aspartate aminotransferase (AST)
or alanine aminotransferase (ALT) of unknown etiology
are classified as a high-risk group requiring HBV
vaccination, and among the representative causes of
abnormal liver function, fatty liver is included.® In
particular, nonalcoholic fatty liver is becoming an
important issue for Koreans. In previous studies, the
prevalence of nonalcoholic fatty liver in Koreans was
found to be approximately 16.1%.7* Therefore, we
examined the association between the immune response
to HBV vaccination and fatty liver. In our study, the
univariate analysis showed a significant association (OR,
5.87; CI, 2.32-14.84; P < 0.001), but the multivariate
analysis showed no statistically significant results (OR,

1.01; CI, 0.24-4.18; P = 0.988). However, other studies
have reported that BMI is associated with HBV vaccine
immune response and with the risk of fatty liver
disease.[*?"l Therefore, the results of this study alone
cannot confirm that fatty liver is not related to immune
response to the HBV vaccine. In addition, a limitation of
this study may be the relatively low number of subjects
analyzed. More research is needed in this area.

The limitations of this study are the relatively small
sample sizes and its retrospective nature. Because of
how information is gathered in the retrospective study
method, information was not obtained on the occupations
of the HCWs, their history of HBV vaccination, drinking,
or smoking, or the type of vaccination products used.

CONCLUSION

In summary, the immune response rate to the HBV
vaccine among HCWs was as follows: 28 (13.2%)
were classified as hyporesponsive or nonresponsive,
and 185 (86.8%) were classified as hyperresponsive.
The incidence of revaccination was 75% in the
hyporesponsive and nonresponsive groups. In addition,
the factor associated with poor immune responses
was found to be an anti-HBs titer at the beginning of
employment that was below the protective level. Based
on this information, HCWs can be further protected from
HBYV if their vaccination results are explicitly discussed
at postvaccination follow-ups.
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