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Purpose: Assessing the immunogenicity of a single dose of hepatitis A virus
(HAV) vaccines is important because some people receive only a single dose. How-
ever, previous studies have shown variable results and have not examined the ef-
fects of demographic characteristics other than gender. This study was performed to
examine the immunogenicity of a single dose of HAV vaccine according to the vac-
cine type and demographic characteristics in young adults. Materials and Meth-
ods: Seronegative medical school students were randomly allocated to receive ei-
ther Havrix or Epaxal. Results: After approximately 11 months, the seroconversion
rate in 451 participants was 80.7%. In men, the Havrix group showed a signifi-
cantly higher seroconversion rate (81.9%) than the Epaxal group (69.2%), whereas
both vaccine groups showed similarly high immunogenicity in women (Havrix:
90.1%, Epaxal: 92.9%; P for interaction=0.062). According to the results of a mul-
tivariate analysis, Epaxal showed significantly lower immunogenicity than Havrix
only in men. Age, obesity, drinking, smoking, and follow-up time did not signifi-
cantly affect seroconversion in either gender. Conclusion: The seroconversion rate
of single-dose HAV vaccines was low in men, particularly in those who received
Epaxal. Our results suggest that gender effects should be considered when com-
paring the immunogenicity of different HAV vaccines.
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INTRODUCTION

Recently, hepatitis A virus (HAV) infection has become an important public health
problem in countries such as Korea that have seen improvements in their socio-
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economic status.! The HAV vaccine is recognized as the
most effective method for controlling HAV infection, and 2
doses of the HAV vaccine have been recommended 6-18
months apart.? The high, long-term immune response ac-
quired after 2 doses of HAV vaccine has been consistently
reported.** However, many travelers and some people at
high risk receive only a single dose of the vaccine without a
booster.® Information from the physician on the immunoge-
nicity of a single dose of the HAV vaccine to the patient re-
ceiving his/her first dose is helpful for encouraging booster
vaccination. However, various seroconversion rates, ranging
from approximately 80% to 100% at 12 months after the
first dose in adults have been reported previously.”'* In addi-
tion, the effects of demographic characteristics other than
gender on HAV immunogenicity have not been examined.

This study was carried out to examine the immunogenici-
ty of a single dose of HAV vaccines according to the vac-
cine type (Havrix or Epaxal) and demographic characteris-
tics of Korean young adults who constitute a high-risk group
for HAV infection.

MATERIALS AND METHODS

Two types of inactivated HAV vaccines (Havrix and Epax-
al) were used. Havrix is one of the several aluminum-ab-
sorbed vaccines, whereas Epaxal is the only aluminum-free
virosomal HAV vaccine available.® Havrix contains 1440
ELISA units of antigenic strain HM 175 adsorbed to an alu-
minum hydroxide adjuvant.” Epaxal contains more than 12
IU of antigenic strain RG-SB that is attached to the surface
of the influenza virosome.® All vaccines were purchased at
the local pharmacy, stored at 2-8°C, and injected intramus-
cularly into the deltoid muscle of the participants.

Study population was freshman or sophomore students of
the 8 medical schools which were located in the cities across
the nation-2 schools at Daejeon and 1 school each at Daegu,
Wonju, Iksan, Cheonan, Gangneung, and Busan. Among the
726 students of the target population, 582 (80.2%) agreed to
participate in the study. They were serologically tested for
the HAV antibody and asked to fill out the questionnaire to
provide information about demographic characteristics and
previous vaccination history. After excluding those partici-
pants who were seropositive for HAV (anti-HAV antibody
level >20 IU/mL, n=77) or were previously immunized with
an HAV vaccine (n=62), 483 of the 582 participants were
randomly allocated to receive a single dose of either Havrix

or Epaxal. The vaccinees were followed up for 7-12 months,
and the median follow-up period was 11 months.

Approximately 11 months after the primary dose, blood
samples from 454 out of 483 participants (94.0%) could be
collected for the measurement of serum anti-HAV antibody
titers. After excluding 3 participants who were indepen-
dently vaccinated with a secondary dose, a total of 451 par-
ticipants were included in the data analysis.

Among the 483 vaccinees, 29 (6.0%) dropped out of the
study. Fifteen of these participants were vaccinated with
Havrix and 14 were vaccinated with Epaxal. Mean age and
age range of the 19 non-respondents were similar (19.9 and
18-23 years, respectively) to that of the 451 respondents
(19.3 and 17-23 years, respectively). The proportion of men
among the non-respondents (82.8%) was higher than that
among the respondents (66.5%).

Total serum anti-HAV antibody titers were analyzed by
chemiluminescent immunoassay using the ADVIA centaur
(Siemens; Munich, Germany) at enrollment and the follow-
up examination. Because the equipment was fixed with 20
TU/mL as a cutoff value, we considered an anti-HAV anti-
body titer lower than 20 TU/mL as seronegative. Previous
studies have set 10 or 20 TU/mL as the cutoff value.”"!

We categorized obesity status according to the partici-
pants’ body mass index (BMI), as defined by the Interna-
tional Obesity Task Force for Asian adults'>: underweight,
BMI <18.5 kg/m? normal weight, BMI >18.5 kg/m? and
<23 kg/m?; overweight, BMI >23 kg/m? and <25 kg/m?;
and obese, BMI >25 kg/m?. We measured the degree of al-
cohol use according to the Alcohol Use Disorders Identifi-
cation Test (AUDIT)-K, which is the Korean version of the
test. We categorized the grade of alcohol use based on the
participants’ AUDIT-K scores, as recommended by the
World Health Organization: low, AUDIT-K score 0-7; me-
dium, AUDIT-K score 8-15; high, AUDIT-K score 16-19;
and very high, AUDIT-K score 20-40."* For analysis, we
established none or low-grade alcohol use group by com-
bining nondrinkers and drinkers with a low grade of alco-
hol use.

Differences in the seroconversion rates between the groups
were tested using the chi-square test, and trends were ana-
lyzed using the chi-square test for trend. Multiple analysis
using logistic regression was performed to evaluate the fac-
tors affecting seroconversion.

The Institutional Review Boards of the 8 participating
medical schools approved the study protocol. Written in-
formed consent was obtained from every participant. This
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study was designed and executed independently of the vac-
cine manufacturers.

RESULTS

All results were obtained from the data on the 451 partici-
pants who were followed up and not independently vacci-
nated with a secondary dose. Most participants were 17-22
years of age (98.7%); male (66.5%); of normal weight
(65.2%); nonsmokers (93.1%); and none, low-, or medium-
grade alcohol users (83.2%). A total of 225 and 226 partici-
pants were administered Havrix and Epaxal, respectively,
and half of the participants (48.3%) were followed-up for
7-10 months after the vaccination. Approximately 11 months
after the single-dose vaccination, the overall seroconversion
rate was 80.7%. Among the demographic and vaccine-re-

lated factors, gender, obesity, grade of alcohol use, and vac-
cine type were found to significantly affect the seroconver-
sion rate. Women (91.4%) and participants in the Havrix
group (84.9%) showed higher seroconversion rates than men
(75.3%) and those in the Epaxal group (76.6%), respectively.
As the grade of obesity and alcohol use increased, the sero-
conversion rates diminished (Table 1).

We examined whether interactions existed between co-
variates by using multiple analysis in which age, gender,
obesity, drinking, smoking, vaccine type, and follow-up
time were covariates, and found an interaction of borderline
significance (p=0.062) only between the gender and vac-
cine type. Men in the Havrix group showed a significantly
higher seroconversion rate (81.9%) than those in the Epaxal
group (69.2%). However, women in both vaccine groups
showed similarly high seroconversion rates (Havrix: 90.1%,
Epaxal: 92.9%). Men showed lower seroconversion rates

Table 1. Characteristics of Participants and Related Seroconversion Rates

Characteristics Distribution Seroconversion
N N/total (%) n /N (%)

Age (yrs) p=0.876*

17-19 310 68.7 251 81.0

20-22 135 29.9 108 80.0

23-28 6 1.3 5 83.3
Gender p<0.001

Male 300 66.5 226 75.3

Female 151 335 138 914
Obesity p=0.026*

Underweight 56 12.4 53 94.6

Normal 294 65.2 233 79.3

Overweight 67 14.9 53 79.1

Obese 34 7.5 25 73.5
Alcohol use p=0.011*

None or low 182 40.4 157 86.3

Medium 193 42.8 150 77.7

High 46 10.2 37 80.4

Very high 30 6.6 20 66.7
Smoking history p=0.631

Current or ex-smoker 31 6.9 24 77.4

Nonsmoker 420 93.1 340 81.0
Vaccine against hepatitis A p=0.026

Havrix 225 49.9 191 84.9

Epaxal 226 50.1 173 76.6
Follow-up time (months) p=0.446*

7-8 161 35.7 125 77.6

9-10 57 12.6 50 87.7

11-12 233 51.7 189 81.1
Total 451 100.0 364 80.7

N, number of participants; n, number of participants who seroconverted.
*By chi-square test for trend.
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than women for both vaccines, but the gender-related differ-
ence was statistically significant only for the Epaxal group
(Fig. 1).

Based on these results, multiple analysis including age,
obesity, drinking, smoking, vaccine type, and follow-up time
as covariates was performed again after stratification with
gender. Epaxal showed significantly lower immunogenicity
than Havrix only in men. Age, obesity, drinking, smoking,
and follow-up time did not significantly affect the HAV sero-
conversion (Table 2).

DISCUSSION

Using a conservative total serum anti-HAV antibody titer cut-
off value of 20 IU/mL, the seroconversion rate of young
adults in this study was only 80.7% approximately 11 months
after single-dose HAV vaccination. This result is consistent
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Fig. 1. Effect of gender and vaccine type on seroconversion rates. p value
for the difference between groups 1 and 2=0.012, p value for the difference
between groups 3 and 4=0.552, p value for the difference between groups 1
and 3=0.105, p value for the difference between groups 2 and 4 <0.001, and p
value for the interaction between gender and vaccine type adjusted by age,
gender, obesity, drinking, smoking, vaccine type, and follow-up time=0.062.

Table 2. Multiple Logistic Regression Analysis* for the Characteristics of Participants and Seroconversion Rates Stratified by

Gender
L Male Female
Characteristics
N OR (95% CI) p value N OR (95% CI) p value

Age (yrs)

17-19 195 Ref 115 Ref

20-22 102 1.02 (0.57-1.80) 0.972 33 1.63 (0.32-8.20) 0.125

23-28 3 Undefined' 0.972 3 0.11 (0.01-1.60) 0.081
Obesity

Underweight 13 Undefined' 0.958 43 1.50 (0.38-5.91) 0.960

Normal 193 Ref 101 Ref

Overweight 61 1.27 (0.63-2.54) 0.960 6 Undefined' 0.972

Obese 33 1.00 (0.42-2.35) 0.957 1 Undefined' 0.984
Alcohol use

None or low 101 Ref 81 Ref

Medium 137 0.62 (0.33-1.18) 0.590 56 0.59 (0.17-2.07) 0.947

High 38 0.89 (0.35-2.27) 0.473 8 0.48 (0.05-4.74) 0.844

Very high 24 0.43 (0.16-1.17) 0.173 0.36 (0.03-3.89) 0.624
Smoking

Nonsmokers 269 Ref 151 Ref

Smokers 31 1.19 (0.47-3.00) 0.715 0 n/a"*
Vaccine against hepatitis A

Havrix 144 Ref 81 Ref

Epaxal 156 0.49 (0.28-0.85) 0.011 70 1.36 (0.41-4.52) 0.611
Follow-up time (months)

7-8 117 Ref 44 Ref

9-10 35 1.65 (0.65-4.24) 0.447 22 Undefined' 0.951

11-12 148 1.37(0.77-2.42) 0.842 85 0.57 (0.15-2.22) 0.947

Cl, confidence interval; N, number of participants; n/a, not applicable.

*Multiple logistic regression model including age, obesity, drinking, smoking, vaccine type, and follow-up time as covariates.
"The odds ratio (OR) is undefined because there was no seronegative participant in the relevant subgroups.
“This analysis is not applicable because none of the female participants were smokers.
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with those of 3 previous studies that also used 20 IU/mL as
the cutoff value and showed seroconversion rates, ranging
from nearly 80% to 99% at 12 months after single-dose HAV
vaccination in adults.”!®!" These results indicate the need for
two-dose HAV vaccination not only for long-term mainte-
nance but also for the acquisition of the seroprotection.

In the present study, men showed lower seroconversion
rates than women for both vaccines. This result is consis-
tent with the findings from previous Havrix and Epaxal stud-
ies.5™1L14 This gender-related difference in immunogenicity
may have resulted from the confounding effect of body
weight.'” In addition, a study that examined the effect of
body weight without considering gender shows that higher
body weight or BMI is associated with lower immunogenici-
ty in adults."> However, our study which is the first to concur-
rently examine the effects of both gender and BMI showed
that only gender was associated with immunogenicity.

Importantly, Epaxal showed particularly low immunoge-
nicity only in men in our study (p value for interaction be-
tween gender and vaccine type=0.062). A previous study
that concurrently examined the immunogenicity of 2 vac-
cines reported that both men and Epaxal were associated
with lower immunogenicity without interaction.!® Given
that the interaction observed with our data has never been
reported before, further evaluations are needed. If Epaxal
consistently shows lower immunogenicity, particularly in
men in future studies, Havrix rather than Epaxal should be
recommended for male subjects.

Low immunogenicity has been found to be associated
with older age, male gender, smoking, obesity, and alcohol

16 However, with the

abuse for hepatitis B virus vaccines.
exception of gender, the association of demographic char-
acteristics with HAV vaccine immunogenicity has not been
studied. In the present study, age, obesity, drinking, and
smoking did not significantly affect HAV seroconversion, as
shown by multiple analysis. However, the significance of
older age (23-28 years) and very high-grade alcohol use
could not be determined because of the small sample sizes
of the subgroups. In Korea, young adults are the main re-
cipients of HAV vaccines to prevent HAV outbreak, and
they are also the most vulnerable to alcohol abuse.!” There-
fore, further evaluation of the association between alcohol
use and HAV immunogenicity is needed.

In the present study, 6.0% (n=29) of participants dropped
out of the study approximately 11 months after vaccination.
The distribution for age was similar in participants who
were followed up. However, the proportion of men in the

non-respondents (82.8%) was higher than that in the re-
spondents (66.5%). Since the men showed a lower serocon-
version rate than women in this study, the seroconversion
rate of all the participants would have been lower than the
result obtained (80.7%), if the 29 participants who dropped
out after vaccination were also followed up. However, we
think that participants who dropped out may not have had a
significant effect on the total seroconversion rate because
the proportion of dropout was low (6.0%). Additionally, we
think that the dropout would not have diminished the inter-
nal validity of the findings regarding the association of se-
roconversion with vaccine type and demographic character-
istics, which is the main result of our study.

In summary, the seroconversion rate was found to be only
80.7% in young adults, approximately 11 months after sin-
gle-dose HAV vaccination; this rate was particularly low in
men who were administered Epaxal. Therefore, when evalu-
ating the immunogenicity of HAV vaccines, the demograph-
ic characteristics of the participants need to be considered.
In particular, studies comparing the immunogenicity of dif-
ferent vaccines should control the gender effect by sampling
or statistical adjustment. In addition, further studies with
various settings are needed to confirm whether the interac-
tion between vaccine type and gender is consistent.
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