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Abstract.

Objectives: The primary objective of the study was to evaluate the immunogenicity of a combined hepatitis A and hepatitis
B vaccine compared to the effect of the administration of two monovalent hepatitis A and B vaccines by quantitative
measurements of the anti-HBs antibody levels at month 2 of the vaccination course. Secondary objectives were to assess
immunogenicity of the vaccines investigated at other time points in the vaccination course (months 1, 6 and 7), including the
comparison of quantitative measurements results as well as to evaluate seroconversion and seroprotection rates. Materials
and Methods: The study was designed as open, controlled, randomized, monocentric study with two parallel groups. A total
of 304 subjects, aged 18-45 years, were enrolled in the study. Group 1 received a combined hepatitis A and hepatitis B
vaccine, group 2 was vaccinated concomitantly with a monovalent hepatitis A and hepatitis B vaccine. Seroprotection
against hepatitis B was defined as anti-HBs antibody concentration >10 IU/l, and longterm seroprotection as 2100 IU/L.
Results: In all, 288 subjects completed the study. One month after the second vaccine dose, the percentage of subjects with
anti-HBs antibody concentrations >100 IU/1 as well as the seroconversion rate were significantly higher in group 1 than in
group 2. Similarly, anti-HBs GMC was higher after combined vaccination one month after the third vaccine dose (1.684
TU/Nvs. 528 TU/L; p < 0,0001). After the vaccination course, all individuals were anti-HAV positive. The overall incidence of
symptoms (solicited/unsolicited, local/general) tended to be similar in each of the two groups. Conclusions: If health care
personnel are exposed to hepatitis A and B virus, the combined vaccination should be preferred to the concomitant one, as
this vaccination scheme induced eatlier seroprotection against hepatitis B virus infection (=10 IU/1 and 2100 IU/L).
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INTRODUCTION group. In the 2000 report of the German workers” com-
Despite the availability of effective vaccines, hepatitis B pensation board for health care professionals [1], hepa-

virus infection is still one of the most frequent work-relat- titis B virus infections accounted for 255 cases of notified

ed infectious diseases in German health care occupational work-related infectious diseases (total number, 1.080).
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A similar number (252; 23.3%) was due to hepatitis C vi-
rus (HCV) infection, whereas the figures for work-related
hepatitis A virus (HAV) infections are generally very low
in Germany (in 1999; 29 cases, 3%). However the figures
of notified diseases varied widely, simultaneous exposure
to hepatitis A and B virus has to be assumed for health
care personnel, especially in departments of pediatric or
infectious diseases and for laboratory workers [2]. Simi-
lar exposure to infectious agents may also occur in other
occupational groups such as rescue forces or sewage and
waste disposal workers.

In Germany, following Directive 2000/54/EC on the pro-
tection of workers from risks related to exposure to bio-
logical agents at work [3], vaccination has to be provided
to exposed workers on a voluntary basis. In cases, where
simultaneous exposure to hepatitis A and B virus may oc-
cur, vaccination against both infectious agents should be
recommended. Several vaccines against hepatitis A and B
are commercially available in Germany. Besides monova-
lent vaccines against hepatitis A or B, which have been
proven to be safe and efficacious [4-7], a combined hepa-
titis A and B vaccine, shown to be highly immunogenic
and safe, has been available for several years [8,9].

The study focused on the immunogenicity, safety and re-
actogenicity of the combined hepatitis A and B vaccine
compared to the effect of the concomitant administration
of a monovalent hepatitis A and monovalent hepatitis B
vaccine. Antigen concentration per dose (HAV and HB-
sAg) differed in both vaccination schemes. Being aware
how it is important that workers at a high occupational
exposure be reliably protected against hepatitis B as soon
as possible after vaccination, the primary focus of our in-
vestigation was to assess which hepatitis B vaccine induced
higher seroprotection rates one month after the second
vaccination.

MATERIALS AND METHODS

The study was designed as open, controlled, randomized,
monocentric study with two parallel groups. Healthy male
and female subjects, aged 18-45 years, were enrolled in
the study if they satisfied the inclusion and exclusion cri-
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Table 1. Inclusion and exclusion criteria for enrolment

Inclusion criteria

Exclusion criteria*

Age 1845 years

Good physical condition
(clinical examination and history)

Avoidance of becoming pregnant:
female participants: contraceptive

Positive results for anti-HAV, anti-
HBs or anti-HBc antibodies at
screening

History of any vaccination against
hepatitis A and/or hepatitis B

Elevated serum liver enzymes:
ALT, AST, GT (>2 fold the upper

program for at least 2 months
before entry

normal laboratory values)

History of significant and/or
persisting hematologic, hepatic,
renal, cardiac, respiratory or
neurological/psychiatric disease

Written informed consent Any acute disease at the moment

of entry

Chronic alcohol or drug
consumption

Hepatomegaly, right upper
quadrant abdominal pain or
tenderness

Any chronic drug treatment,
including any treatment with
immunosuppressive drugs, which
in the investigator’s opinion
precludes inclusion into the study

History of allergic disease to be
stimulated by any component of
the vaccine

Positive pregnancy test

Simultaneous participation in any
other clinical trial 30 days before
entering the study and during
study participation

Simultaneous administration of
any other vaccine

within 4 weeks before study start
up to month 1

four weeks pre- and post booster
vaccination

Administration of immunglobulins
in the preceding 3 months

within the first 3 months of the
study

four weeks pre- and post booster
vaccination

* During the study applicable as elimination criteria.

teria (Table 1). All vaccinees had to be seronegative for
anti-HBc, anti-HBs, and anti-HAV.

Group 1 received a combined hepatitis A and hepatitis B
vaccine (TWINRIX® ADULT, GlaxoSmithKline), and is
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Table 2. Composition of vaccines

Combined vaccination ~ Concomitant vaccination
group (group 1) group (group 2)
Hepatitis A/Hepatitis B Hepatitis A Hepatitis B
Volume in 1ml 1ml 1ml
each dose
Inactivated At least 720 ELISA units 50 units -
hepatitis A
virus
Hepatitis B 20 g - At least 10 ug
surface antigen
Recombinant
HBsAg
Aluminium 0.5 mg 0.45 mg Present
as salt

Note: Hepatitis A antigen units are not comparable between manufacturers.

referred to as the “combined vaccination group”. Group
2 received a monovalent hepatitis A (VAQTA®, Aventis
Pasteur MSD) and hepatitis B vaccine (GEN H-B-VAX®,
Chiron Behring) and is concomitantly referred to as the
“concomitant vaccination group”. All vaccines were com-

mercially available in Germany at the time of the study.
The composition of vaccines is shown in Table 2.

The combined hepatitis A and hepatitis B vaccine and the
monovalent hepatitis B vaccine were supplied as monodose
vials. The hepatitis A vaccine was supplied as a monodose
pre-filled syringe. Table 3 summarizes the presentation of
vaccines, sites of their administration and the vaccination
schedules for the two groups.

The protocol defined the intervals between study visits.
Besides vaccination visits at month 0, 1 and 6, additional
blood sampling visits were dated with the study partici-
pants (Table 4).

All serum samples were stored at —20°C until analysis. Se-
rological testing for specific antibodies was performed us-
ing ELISA technique by working with an automatic system
(ETILAB, DiaSorin). The following serological analysis
were done, using assays manufactured by DiaSorin: anti-
HBs (ETI-AB-AUK:3, cut-off: 1 IU/), anti-HBc (ETI-AB-
COREK-2) and anti-HAV (ETI-AB-HAVK-3, cut-off: 20
IU/1). Biochemical assays were performed in a contractor’s

Table 3. Vaccine presentation, sites of its administration and vaccination schedule

Group Vaccine Presentation Site of administration Schedule
1 Combined hepatitis A and Monodose vial Intramuscular injection in the 0, 1, 6 months
hepatitis B vaccine deltoid region of the left arm
2 Hepatitis A vaccine Pre-filled syringe Intramuscular injection in the 0, 6 months
deltoid region of the right arm
Hepatitis B vaccine Monodose vial Intramuscular injection in the 0, 1, 6 months
deltoid region of the left arm
Table 4. Protocol-defined study visits and serology plan
Vaccination Blood sampling time point Immunological and biochemical
assays
Screening Day-14to day 0 Anti-HBs, anti-HBc, anti-HAV, ALT,
AST, yGT

Vaccination 1 Pre-vaccination 1 Day 0 Anti-HBs, anti-HAV,
ALT, AST, yGT

Vaccination 2 Post-vaccination 1 Month 1 Anti-HBs, anti-HAV,
ALT, AST, yGT

Post-vaccination 2 Month 2 Anti-HBs, anti-HAV,
ALT, AST, yGT

Vaccination 3 Pre-vaccination 3 Month 6 Anti-HBs, anti-HAV,
ALT, AST, yGT

Post-vaccination 3 Month 7 Anti-HBs, anti-HBc, anti-HAV, ALT,
AST, yGT
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laboratory, using standardized, validated procedures with
adequate controls (ALT, AST: German Association for
Clinical Chemistry, YGT: Szasz).

Reactogenicity variables were assessed using diary cards,
distributed among the subjects to record local and general
signs and symptoms (both solicited and unsolicited) or ill-
nesses occurring during a 4-day (day 0 to day 3) follow-up
period. Solicited symptoms were defined in the study pro-
tocol and were actively asked for. Unsolicited symptoms
comprised any adverse event reported in addition to those
solicited during the clinical study. Diary cards were checked
by the investigator at the subsequent visit. The intensity
of all symptoms was scored. All solicited local (injection
site) reactions were considered to have a causal relation-
ship to vaccination. General adverse events were assessed
whether they were causally related to vaccination. A seri-
ous adverse effect was defined as any untoward medical
occurrence that resulted in death or was life threatening,
induced persisting or severe disability/incapacity, required
hospitalization or prolongation of existing hospitalization,
or was manifested by a congenital anomaly/birth defect of
the offspring of the study subject. Subjects who became
pregnant during the study period did not receive addition-
al doses of vaccine.

The study was conducted according to Good Clinical
Practice (GCP) and in accordance with the Declaration of
Helsinki as amended in Somerset West, Republic of South
Africa, October 1996. The protocol and statement of in-
formed consent were approved by the responsible ethics
review board. Written informed consent was obtained
from the subjects prior to entry into the study.

Sample size

The objective of the study was to assess the immunogenic-
ity (primarily one month after second vaccination), safety,
and reactogenicity of the combined hepatitis A and hepa-
titis B vaccine compared to the effect of the concomitant
administration of two monovalent vaccines. For assessing
immunogenicity, the percentage of subjects with anti-HBs
antibody concentration 210 IU/ (seroprotection, SP) and
2100 IU/I (long-term seroprotection, LT-SP) was calculat-
ed besides the quantitative measurement of anti-HBs an-
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tibody levels. In accordance with a former study [10], sam-
ple size estimation was based on a detectable difference of
15% between both treatment groups (combined vaccina-
tion: 55%; concomitant vaccination: 40%) with respect to
the primary objective when using a one-sided Chi-square
test with o0 = 5% and B = 20%. Thus, for detecting differ-
ences in LT-SP, a sample of 136 participants per group was
appropriate (program NQuery 2.0). Since a drop-out rate
of 10% was assumed, the number of subjects enrolled per
group was 152. Female participants had to agree to avoid
becoming pregnant during the study period and had to be
on a contraceptive program for at least two months before
entry. Good physical condition of the subjects was estab-
lished by clinical examination and medical history taken
at the time of entry. Screening investigations, including
blood analysis, were performed on 377 subjects. Due to
exclusion criteria, 73 subjects (40 males and 33 females)
could not be enrolled in the study. The included partici-
pants were allocated to one of the two treatment groups by
blockwise-randomization. Randomization was performed
by PROC PLAN of the SAS® program, Version 6.12, run-
ning on Windows NT platform.

Statistical analysis

The primary endpoint of the statistical analysis was the
anti-HBs antibody concentration at month 2 (one month
after the second vaccine dose) and the LT-SP rate at the
same time point. LT-SP was defined as the percentage of
subjects with anti-HBs antibody concentration 2100 [U/1.
Secondary endpoints were anti-HAV and anti-HBs an-
tibody concentrations at any other observation time, es-
pecially before and after the third vaccine dose. Analysis
was done by calculating the following derived variables:
seroconversion (SC) rate (percentage of subjects with anti-
HBs concentration 21 U/l or anti-HAV concentration >20
IU/), SP rate (percentage of subjects with anti-HBs con-
centration 210 TU/l) and geometric mean concentration
(GMC). The GMC calculations were performed by taking
the anti-log concentration transformations of the mean of
the log-transformed anti-HBs and anti-HAV antibody con-
centrations. The antibody concentrations below the assay
cut-off value were arbitrarily given half of the cut-off value.
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The variation of anti-HBs and anti-HAV antibody concen-
trations within each group was summarized by geometric
coefficient of variation (GCV). At each time point and for
each treatment group, anti-HBs and anti-HAV antibody
SC rates and anti-HBs antibody SP rates were tabulated
with the 95% confidence interval (CI). Antibody concen-
trations were summarized by GMCs with the 95% CI. Re-
verse cumulative curves (RCCs) were plotted for anti-HBs
antibody concentrations at months 1, 2, 6, and 7 and anti-
HAV antibody concentrations at months 1 and 7.

SP rates for anti-HBs antibodies one month after the
second vaccination (month 2) were calculated for both
groups and compared using one-sided Chi-square test
with o = 5% to assess whether group 1 was superior to
group 2. Additional descriptive analyses were performed
on the age (subjects aged <40 years and aged >40 years),
gender, body mass index (BMI) (four ranges: 18.5-24.9,
25-29.9, 30-39.9, and >40) [11], and smoking habit sta-
tus (smokers vs. past- and non-smokers) in both groups.
The effects of demographic variables (age, gender, BMI,
smoking habit status) on the immune response were de-
termined using regression analysis with log concentration
as a dependent variable. Treatment effect was included as
a dependent variable in the regression analysis, resulting
in the model of treatment effect with adjustments for co-
variates. In order to reconfirm the results of the regres-
sion analysis, formal inference-based recursive modeling
(FIRM) tool was used.

Two cohorts were defined: the total cohort and accord-
ing-to-protocol (ATP) cohort. The total cohort included
all vaccinated subjects for whom demographic and reacto-
genicity data were available. The ATP cohort for the im-
munogenicity analysis included all the subjects who met all
eligibility criteria, complied with the procedures defined in
the protocol and for whom data concerning immunogenic-
ity endpoint measures were available. An analysis of reac-
togenicity for the total cohort was performed for solicited
(local/general) and unsolicited symptoms. The incidence
of symptoms was calculated according to per-dose and
per-subject analyses. The overall incidence of local, gen-
eral and both local and general symptoms were calculated.
The percentage, with exact 95% CI of subjects reporting

each individual solicited symptom during a 4-day follow-
up period after vaccination (day 0 to day 3), was tabulated
in addition to intensity and relationship. The incidence,
intensity and relationship of individual unsolicited symp-
toms during a 30-day (day 0 to day 29) follow-up period
after vaccination were tabulated.

RESULTS

Characteristics of the study population

A total of 304 subjects (152 in each group) were enrolled
as planned in the protocol. As 16 subjects (8 per group)
dropped out from the study, only 288 completed the study.
Further 32 subjects had to be eliminated from the ATP co-
hort for different reasons (e.g., receiving vaccines forbid-
den in the protocol, protocol violations with regard to vac-
cination or blood-sampling schedule, pregnancy). Thus,
the number of subjects in the ATP cohort for immunoge-
nicity was 256, including 131 in the combined vaccination
group (group 1) and 125 in the concomitant vaccination
group (group 2). All the subjects were caucasian. There
was no significant difference in demographic characteris-
tics (age, gender, BMI, smoking habit status) between the
total cohort and the ATP cohort as well as between both
treatment groups (Table 5).

The mean age in the ATP cohort was 28.5 years with
a standard deviation of 7.72 years. The male/female ratio
was 1:5 (154/102) in the ATP cohort, 1:3 in group 1 and
1:7 in group 2 (no significant difference). The proportion
of current smokers and past or non-smokers was 38.9% in
group 1 and 39.2% in group 2.

Immunogenicity analysis — anti-HBs antibody response
At all time points investigated, SC (anti-HBs 21 TU/1), SP
(anti-HBs 210 IU/1) and LT-SP (anti-HBs >100 [U/1) rates
were higher in group 1 than in group 2. The same was true
for GMC and GCV (Table 6).

One month after the administration of the second vaccine
dose (month 2), the SC rates for anti-HBs antibodies were
significantly higher in the combined vaccination group
than in group 2 (85.2% vs. 70.1%; p < 0.01, one-sided
Chi-square test).
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Table 5. Characteristics of the study population

Combined vaccination

Concomitant

aroup (1) vaccination group (2) ATP cohort Total cohort
Characteristics Parameters or categories (N = 131) (N = 125) (N = 256) (N'=304)
n % n % n % n %
Age (years) Mean 28.7 - 284 - 285 - 29.0 -
SD 7.66 - 7.81 - 7.72 7.84 -
Median 27 - 26 - 26 27 -
Minimum 18 - 18 - 18 18 -
Maximum 45 - 45 - 45 45 -
Gender Male 75 573 79 63.2 154 60.2 180 59.2
Female 56 427 46 36.8 102 39.8 124 40.8
Height (cm) Mean 175.4 - 176.3 - 175.8 - 175.5 -
SD 9.49 - 9.05 - 9.30 - 9.20 -
Median 176 - 176 - 176 - 176 -
Weight (kg) Mean 77.0 - 715 - 713 - 76.7 -
SD 14.72 - 15.15 - 14.90 - 15.20 -
Median 75 - 75 - 75 - 75 -
BMI (kg/m?) Mean 25.0 - 248 - 249 - 24.8 -
SD 4.01 - 3.89 - 39 - 4.0 -
Median 249 - 24.62 - 247 - 24.6 -
Smoking status Current smokers 51 38.9 49 39.2 100 39.6 115 378
Past smokers 16 122 12 9.6 28 10.9 34 11.2
Non-smokers 64 489 64 512 128 50.0 155 51.0

SP rates were higher in group 1 than in group 2 (61.2% vs.
53.2%). However, the one-sided Chi-square test did not
reveal a statistically significant difference (p = 0.0988).
The percentage of subjects with anti-HBs antibody con-
centrations 2100 IU/l (LT-SP) was significantly higher

Table 6. Anti-HBs antibody response in both groups

in group 1 (13.2%) than in the concomitant vaccination
group (4.8%) (p < 0.05, one-sided Chi-square test). The
results of the inferential analysis indicating the treatment
differences between the two groups are summarized in
Table 7. With respect to the level of anti-HBs antibody

SC GMC
Group Timing NO.' of > 95% CI P GMC 95% CI GCV LTS
subjects wny ——— —_—
n % LL UL % LL UL n %
Combined Post-dose 1 130 45 346 264 1000 31 238 172 12 24 6.30 4 31
vaccination  (month 1)
group (1) Post-dose 2 129 110 8.2 779 1000 79 612 1417 9.9 20.1 773 17 132
(month 2)
Pre-dose 3 131 127969 923 1000 124 947  106.8 81.0 140.6 341 74 565
(month 6)
Post-dose 3 126 124 984 943 1000 123 976 168395 12155 23328 543 120 952
(month 7)
Concomitant ~ Post-dose 1 125 25 200 133 1000 10 8.0 0.83 0.6 1.0 1.51 0 0.0
vaccination  (month 1)
group (2) Post-dose 2 124 87 701 612 1000 66 532 656 4.6 9.2 6.28 6 4.8
(month 2)
Pre-dose 3 124 112903 837 1000 98 790 2722 20.2 36.5 38 27 218
(month 6)
Post-dose 3 122 121 991 955 1000 120 984 52818 3981  700.7 332 108 885
(month 7)

[JOMEH 2004; 17(3)
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Table 7. Inferential analysis: difference between the two groups at month 2

Group No. of subjects (%) Group No. of subjects (%) - Inference

Difference Value 95% CI
Seroconversion rate (anti-HBs 21 TU/I)
Group 1 129 (85.3) Group 2 124 (70.2) Group 2 - Group 1 -15.1 -26.9-3.7
Seroprotection rate (anti-HBs 210 IU/1)
Group 1 129 (61.2) Group 2 124 (53.2) Group 2 - Group 1 -8.0 -21.04.6
Longterm-seroprotection rate (anti-HBs 2100 IU/1)
Group 1 129 (13.2) Group 2 124 (4.8) Group 2 - Group 1 8.3 -18.10.2

concentration, anti-HBs GMC in group 1 was two times
higher than in group 2 (14.17 IU/1 vs. 6.56 TU/L; p < 0.01)
(Fig. 1). With regard to the influence of age, gender, BMI
and smoking status on immunogenicity at month 2, there
was a significant effect of age (p < 0.0001) and gender
(p < 0.01) on anti-HBs GMC; GMC was decreasing with
increasing age, and in females it was higher than in males,
also individuals with higher BMI showed lower GMC.
Similar differences were revealed with regard to SC and
SP rates in both groups.

In contrast to the findings after the second vaccine dose,
SC and SP rates for anti-HBs antibodies were higher in
group 2 than in group 1 at month 7 (one month after the
third vaccine dose) (SC: 99.1% vs. 98.4%, SP: 98.4% vs.
97.6%). Yet, LT-SP rates were higher in group 1 than in
group 2 at that time point (LT-SC: 95.2% vs. 88.5%), which
was reflected by a lower proportion of “low-responders”
(subjects with anti-HBs antibody concentration of 10-99
IU/) (group 1: 2.4%, group 2: 9.8%) (p < 0.05) and higher

100
90
80
Combined
270 vaccination
= group (1)
§ 60
£ 50
£ 40
s Concomitant
& 30 vaccination
20 group (2)
10
0 r T T
10 100 1000 10000
Cut-off 11U/I Anti-HBs antibody concentration (U/I)

Fig. 1. Reverse cumulative curves (RCC) for anti-HBs antibody
concentration at month 2, the combined vaccination group (n = 129
subjects) and the concomitant vaccination group (n = 124 subjects)

GMC in group 1 than in group 2 (1683.95 U/ vs. 528.18
IU/) (p < 0.0001). Like at month 2, there was a significant
effect of age (p < 0.01) and BMI (p < 0.001) on anti-HBs
GMC. GMC was decreasing with increasing age and BMI.
There was no significant effect of smoking status on the
anti-HBs antibody GMCs at either time point, month 2
and month 7.

Immunogenicity analysis — anti-HAV antibody response
Anti-HAV antibody response was analyzed with regard to
seroconversion rates (SC, anti-HAV 220 IU/I), GMC and
GCV. Whereas one month after the first vaccine dose, SC
was lower in the combined vaccination group than in the
concomitant vaccination group (90.0% vs. 97.6%, p < 0.05,
two-sided Chi-square test), this value was slightly higher at
month 2 (98.4% vs. 97.5%, no significant difference). At
that time point, anti-HAV GMC for group 1 and group 2
were 270.75 IU/l and 142.76 TU/], respectively. At month 7
all subjects were seroconverted for anti-HAV antibodies.
One month after the last vaccine dose, there was a signifi-
cant effect of age (p < 0.0001), BMI (p < 0.01) and smok-
ing status (p < 0.05) in terms of anti-HAV antibody GMC.
GMC was decreasing with increasing age and BMI, and
non-smokers showed higher anti-HAV GMC than smok-
ers. There was also a significant difference in terms of
treatment groups (p < 0.05), wherein the combined vac-
cination group showed higher GMC than the concomitant
vaccination group (Table 8).

An analysis of the total cohort (including p-values ob-
tained from one-sided Chi-square test) revealed similar
results to those obtained for the ATP cohort.

[JOMEH 2004; 17(3)
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Table 8. Seroconversion rates and GMCs for anti-HAV antibodies by age ranges

No. of SC SC GMC GMC
Group Age range Timing sul;)j.et:)ts 95% CI un) 95% CI
No. of subjects (%) LL UL LL UL

Combined Post-dose 1 (month 1) 113 103 (91.2) 843 95.7 91.32 75.1 110.9
vaccination < 40 years Post-dose 2 (month 2) 112 110 (98.2) 93.7 99.8 281.58 239.0 331.6
group (1) Pre-dose 3 (month 6) 114 113 (99.1) 95.2 1000 18400 1518 2229
Post-dose 3 (month 7) 109 109 (100.0) 96.7 100.0 2940.53 24971 3462.6

Post-dose 1 (month 1) 17 14 (82.4) 56.5 96.2 68.80 38.0 1243

> 40 Post-dose 2 (month 2) 17 17 (100.0) 80.5 100.0 209.09 145.3 300.8

=HUYGAS  pre_dose 3 (month 6) 17 17 (100.0) 80.5 1000 15138 1078 2124

Post-dose 3 (month 7) 17 17 (100.0) 80.5 100.0 1617.10 1256.1 2081.8

Concomitant Post-dose 1 (month 1) 106 104 (98.1) 93.4 99.8 173.94 142.6 212.0
vaccination < 40 years Post-dose 2 (month 2) 105 104 (99.0) 94.8 100.9 157.40 130.4 189.9
group (2) Pre-dose 3 (month 6) 105 102 (97.1) 91.9 94 15231 1259 1841
Post-dose 3 (month 7) 103 103 (100.0) 96.5 100.0 2500.29 21542 2901.9

Post-dose 1 (month 1) 19 18 (94.7) 74.0 99.9 108.22 65.7 178.0

” Post-dose 2 (month 2) 19 17 (89.5) 66.9 98.7 83.24 51.0 135.7

=%YEAIS  pre_dose 3 (month 6) 19 17 (89.5) 66.9 98.7 7451 46.8 118.6

Post-dose 3 (month 7) 19 19 (100.0) 824 100.0 1275.59 889.6 1828.8

Safety and reactogenicity analyses

Data on solicited signs and symptoms reported follow-
ing 904 doses (451 in group 1 and 453 in group 2) were
documented on diary cards. An analysis of the overall in-
cidence of symptoms was done in the total cohort. Accord-
ing to the per-dose analysis, the incidence of any symptom
(solicited/unsolicited, local/general) was similar for both
groups. This was evident from the results of Fisher s ex-

act test, which did not reveal any statistically significant
difference at a 0.05 significance level. All solicited local
symptoms were considered to have a causal relationship
to vaccination. Fisher s exact test revealed that there was
no statistically significant difference in the percentage of
subjects reporting local symptoms between the two groups
(a 0.05 significance level). Pain at the injection site was the
most frequently reported solicited local symptom in both

Table 9. Incidence of solicited local symptoms (total and grade “3”) reported during a 4-day follow-up period after vaccination (total cohort)

Group 2
Group 1 - - — -
Hepatitis A vaccine Hepatitis B vaccine
N (%) 95% CI N (%) 95% CI N (%) 95% CI

Per-dose analysis n =441 n = 445
Pain Total 182 (41.3) 36.6 46.0 82 (18.4) 14.9 223 122 (27.4) 233 318
Grade “3” 2(0.5) 0.1 1.6 3(0.7) 0.1 2.0 4(0.9) 0.2 23
Redness Total 53 (12.0) 9.1 154 39(8.8) 6.3 11.8 54 (12.1) 9.2 155
Grade “3“ 1(0.2) 0.0 13 2(04) 0.1 1.6 3(0.7) 0.1 2.0
Swelling Total 24 (5.4) 3.5 8.0 14 (3.1) 1.7 52 25(5.6) 3.7 8.2
Grade “3“ 1(0.2) 0.0 13 1(0.2) 0.0 12 1(0.2) 0.0 12

Per-subject analysis n =150 n=152
Pain Total 94 (62.7) 544 70.4 63 (41.4) 33.5 49.7 78 (51.3) 431 59.5
Grade “3” 2(1.3) 0.2 4.7 3(2.0) 0.4 5.7 4(2.6) 0.7 6.6
Redness Total 39 (26.0) 19.2 338 30 (19.7) 13.7 27.0 34 (22.4) 16.0 298
Grade “3“ 1(0.7) 0.0 3.7 1(0.7) 0.0 3.6 2(L3) 0.2 4.7
Swelling Total 21 (14.0) 8.9 20.6 10 (6.6) 32 11.8 20(13.2) 8.2 19.6
Grade “3“ 1(0.7) 0.0 3.7 1(0.7) 0.0 3.6 1(0.7) 0.0 3.6
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groups. The majority of the symptoms resolved within
a 4-day follow-up period after vaccination. The Wilcoxon
rank-sum test revealed that there was no statistically sig-
nificant difference between the two groups with respect to
incidence of the solicited local symptoms (Table 9).

The solicited general symptoms reported by the subjects
of the two groups were similar; Fisher’s exact test revealed
that there was no statistically significant difference be-
tween them. Solicited general vaccination-related symp-
toms were reported as follows (per-dose analysis): fatigue
=10%, gastrointestinal symptoms =2.5%, headache =6%,
and fever =0.5%. With respect to unsolicited symptoms,
the safety profile for both groups was similar (no statisti-
cally significant difference in Fisher’s exact test). A total
of seven subjects (3 in group 1 and 4 in group 2) reported
serious adverse events during the study period, but none
of them were considered to have a causal relationship to
vaccination.

With regard to biochemical analysis, ALT, AST and yGT
concentrations were tabulated for the ATP cohort. There
was no statistically significant difference between both
treatment groups at the time points investigated (two-
sided Mann-Whitney test). Comparing the pre- and post-
vaccine concentrations at single time points, the Wilcoxon
rank-sum test (two-sided) revealed significant differences
in the enzyme concentrations only for AST (pre-vaccine
3 > post-vaccine 3) and YGT (pre-vaccine 1 > post-vac-
cine 1; pre-vaccine 2 < post-vaccine 2) without any differ-
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Fig. 2. AST- and yGT-concentrations in the ATP cohort during vac-
cination course in both groups.

ence between the groups. There was no evidence to prove
a systematic increase in liver enzymes due to vaccination.
High fluctuations of the enzyme concentrations were doc-
umented, especially for yYGT (Table 10, Fig. 2).

DISCUSSION

In the present study, the immunogenicity, safety, and reac-
togenicity of a combined hepatitis A and hepatitis B vac-
cine (TWINRIX® ADULT, GlaxoSmithKline) compared
to the effect of the concomitant administration of a hepa-
titis A vaccine (VAQTA®, Aventis Pasteur MSD) and
a hepatitis B vaccine (GEN H-B-VAX®, Chiron Behring)
were evaluated in healthy volunteers, aged 18-45 years.

Consistent with the results of another investigation inyoung
adults [12], one month after the second vaccine dose, the

Table 10. Biochemical analyses: concentration of enzymes in both treatment groups

ALT AST YGT
U/ U/ I
Group Timing NO.' of s s 0
subjects 95% CI 95% CI 95% CI
Mean  SD Meem SD ————————— Mean SD ————

LL UL LL UL LL UL
Combined  Pre-dose 1 131 1230 626 1122 1339 1004 256 959 1048 1197 735 1070 1324
vaccination Post-dose 1~ 130 1215 616 11.08 1322 1009 268 963 1056 1132 614 1025 1238
group (1)  Post-dose2 129 1295 809 1154 1435 1026 397 956 1095 1201 744 1071 1330
Pre-dose 3 131 1177 730 1051 1303 1059 108 873 1246 1179 743 1051  13.08
Post-dose3 126 1097 6.04 990  12.03 926 256 881 9.71 1214 828 10.68  13.60
Concomitant Pre-dose 1 125 1290 639 11.80 1407 1059 3.04 1005 1113 1183 697 1060  13.07
vaccination Post-dose 1 125 1265 711 1139 1391 1038 297 986 1091 1161 717 1034  12.88
group (2)  Post-dose2 124 1410 944 1243 1578 1073  3.63 1009 1138 1277 873 1122 1433
Pre-dose 3 124 1268 129 1037 1499 1024 438 873 1246 1200 749 1067 1333
Post-dose3 122 1161 754 1026 1297 987 350 924 1050 1214 876 1057 1371
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anti-HBs seroconversion and seroprotection rates (210
IU/1) were higher in the combined vaccination group than
in the concomitant vaccination group. An 8% difference
in terms of SP between the two treatment groups was ob-
served (61.2% vs. 53.2%). A similar difference could be
documented for the longterm-seroprotection rate (=100
TUN) (13.2% vs. 4.8%; p < 0.05). This corresponded with
the higher SP (94.7% vs. 79.0%) and LT-SP rates (56.5%
vs. 21.8%) on the day of the third vaccine dose (month 6)
in group 1. Similarly, one month after the third vaccine
dose, the LT-SP rate was higher in the combined vacci-
nation group (95.2% vs. 88.5%), whereas SC (99.1% vs.
98.4%) and SP rates (98.4% vs. 97.6%) were higher in the
concomitant vaccination group. Anti-HBs antibody con-
centration was higher in the combined vaccination group
than in group 2 at all time points investigated, resulting
in a difference of more than 1.000 IU/1 (1683.95 TU/I vs.
528.18 TU/; p < 0.0001) one month after the third vaccine
dose. The differences observed could well be explained by
the doses of vaccine antigen administered in both vacci-
nation schemes (combined vaccine: 20 ug HBsAg, mon-
ovalent vaccine: 10 ug HBsAg). In earlier studies of the
effect of various antigen concentrations (administration
of different vaccine formulations [13-17] or different con-
centrations of the same vaccine [17-22]), a higher dose
of HBsAg showed a positive and partly significant effect
on SC, SP and/or antibody GMC with the highest impact
on GMC. This correlation seemed to be less pronounced
comparing different concentrations of the same vaccine:
differences in seroconversion rates and antibody concen-
tration could be observed during (months 1, 2 or 3) but not
after completing the vaccination course [22-24].

When analyzing the level of antibody concentration after
the primary course of vaccination, it has to be borne in
mind that vaccination experts in several countries have
decided to only observe the seroconversion and seropro-
tection criteria, but not the antibody concentration level
above 100 IU/ with regard to the evaluation of protec-
tive efficacy of the primary vaccination course. This may
be explained by considerable discrepancy between anti-
body concentrations measured by different laboratories
or available tests. Yet, several investigations have revealed
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that the persistence of anti-HBs was closely related to the
peak anti-HBs response of the vaccine [22,25-27] as well
as to the time elapsed since vaccination [22,28-30].

The criteria for seroprotection generally consider the level
above 10 IU/I to be protective [31]. Some countries have
adopted a higher reference level (e.g., 20 [U/l in Austria
[32] or 100 IU/ in the UK [33], Germany [34,35], and
Switzerland [36]). To confirm these differences in the
present study, two levels of anti-HBs concentration were
investigated: the concentration of anti-HBs >10 IU/I was
referred to as seroprotection, the concentration of >100
IU/1 as longterm-seroprotection. In Germany, serological
testing is recommended after primary vaccination course
for all individuals at an increased risk of infection (e.g.,
health care personnel). Similarly, serological control has
to be provided for individuals reporting contamination
with infectious materials, as it may occur for example in
needlestick injuries [37-39]. In all these cases, booster vac-
cination is recommended if the anti-HBs concentration is
below 100 IU/1 [34], thus enlarging the recommendations
of the European Consensus Group on Hepatitis B Vac-
cination [40]. HBV infection is still considered to be the
most important occupational disease affecting health ser-
vice workers in Germany [41] and in many other countries
[28,42]. In order to prevent occupationally acquired HBV
infections as well as their nosocomial spread to patients
[31,43,44], hepatitis B vaccination in health care person-
nel should be performed with the aim to induce effective
seroprotection as early as possible. As exposure to HBV
coincides with the risk of occupational HAV infection in
many fields of health care [45], simultaneous vaccination
against both kinds of viral hepatitis will be offered to those
exposed. Against the background of the presented results,
the combined vaccine should be preferred to the concomi-
tant vaccination scheme for this occupational health indi-
cation as it induced higher anti-HBs seroconversion, sero-
protection and longterm-seroprotection rates than those
produced by the concomitant vaccination. This will lead
the an additional advantage, namely a wider acceptance
of only three injections with the combined vaccine in total
as compared to five injections in concomitant vaccination
scheme.
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With regard to early protection against hepatitis A virus
infection, the concomitant vaccination showed advantages
one month after the first vaccine dose (97.6% vs. 90.0%,
p < 0.05). This was attributed to the fact that the antigen
concentration in the monovalent hepatitis A vaccine was
higher than in the combined vaccine. After the second
dose of the combined vaccine, anti-HAV antibody sero-
conversion rates were similar in both groups. In contrast
to the occupational health point of view outlined above,
it may be efficient in travel medicine to offer the con-
comitant vaccination in all cases, where protection against
hepatitis A has to be ensured as early as possible. In case
of utilization of the combined vaccine, at least two vaccine
doses should be administered before departure.

At the end of the vaccination course, there was no signifi-
cant difference with regard to LT-SP against hepatitis B.
Especially, the rate of so called anti-HBs non-responders
(anti-HBs antibody concentration <10 IU/1) did not differ
significantly (group 1, 1.6%, group 2, 1%). Yet, anti-HBs
antibody and anti-HAV antibody GMCs were higher and
the proportion of “low-responders” (anti-HBs antibody
concentration 10-99 IU/) was lower in the combined
vaccination group (group 1, 2.3%, group 2, 9.8%). The
respective figures of low- and non-responders and anti-
HBs GMCs corresponded well with the results of a vari-
ety of studies on immunogenicity of monovalent hepatitis
B vaccines and the simultaneous application of a hepati-
tis A vaccine as either combined or concomitant vaccine
[13-24,46-55]. In contrast, evaluation of another com-
bined vaccine on the basis of VAQTA® and Recombivax
HB/H-B-Vax II®, administered in a two-dose scheme,
showed insufficient production of anti-HBs antibodies
four weeks after the second injection [56)].

The finding on significant effect of age, gender, BMI, and
smoking status on both anti-HBs and anti-HAV GMCs,
reported in this study, correspond with the results of
similar investigations on immunogenicity of monovalent
hepatitis A and B or the combined vaccine [57-60]. There
is no evidence that immunogenicity with regard to anti-
HAV antibodies was reduced in elder subjects (aged 4045
years) as discussed in some papers on rare cases of hepati-
tis A despite vaccination [61,62].

The overall incidence of symptoms (solicited/unsolicited,
local/general) tended to be similar in each of the two
groups. No systematic increase in liver enzymes due to vac-
cination was observed. The vaccines investigated proved
to be safe, well tolerated and highly immunogenic.
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