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bstract

Two studies were undertaken to investigate the concomitant administration of combined hepatitis A/B vaccine with a di
etanus–acellular pertussis-inactivated poliomyelitis vaccine mixed withHaemophilus influenzaevaccine (DTPa-IPV/Hib), or with
easles–mumps–rubella vaccine (MMR), during the second year of life. On completion of the vaccination course, all subjects we

tive or seroprotected against all antigens except for one subject who was seronegative for anti-PT. Seropositivity and seroprot
or all other antibodies were comparable to reference values for each vaccine component, indicating that the immunogenicity
TPa-IPV/Hib and combined hepatitis A/B vaccines is not impaired by co-administration. All vaccines were well tolerated.
2004 Elsevier Ltd. All rights reserved.
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. Introduction

Co-administration of multiple antigens is probably the
ost effective strategy for infant immunisation[1,2]. Com-
ined vaccines have proved effective in childhood vaccina-

ion programs[3,4] and the addition of combined hepatitis
/B vaccine would represent a further advance, in particu-

ar for those countries which do not have a routine hepatitis
vaccination programme at birth or during the first year of

ife [5].

∗ Corresponding author. Tel.: +370 5 2720368; fax: +370 5 2720368.
E-mail address:usonis@ktl.mii.lt (V. Usonis).

2. Materials and methods

Subjects were recruited from one centre in Lithua
(study 1) and two centres in Estonia (study 2). W
ten informed consent was obtained from parents/guard
The study populations comprised healthy infants a
12–15 months (study 2) and approximately 18 mo
(study 1) born to mothers not known to be seropos
for HBsAg, hepatitis B antigen or anti-HBc antibod
(Abs). All subjects had received diphtheria–tetanus–pert
(DTP) and inactivated polio virus (IPV), those in stud
had not been vaccinated against measles–mumps–r
(MMR).
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In study 1, a combined hepatitis A/B vaccine (AmbirixTM1

or TwinrixTM Adult, GlaxoSmithKline Biologicals) was
administered concomitantly with DTPa-IPV mixed withH.
influenzaevaccine (InfanrixTM-IPV/Hib, GlaxoSmithKline
Biologicals), by intramuscular injection in the left and
right thigh, respectively. In study 2, the same hepatitis A/B
vaccine was given in the left thigh with an MMR vaccine
(PriorixTM, GlaxoSmithKline Biologicals) administered
subcutaneously in the right arm. A second dose of hepatitis
A/B vaccine was given after 6 months in both studies.

Blood was taken at entry, 1 month after the first vac-
cination (month 1) and 1 month after the second dose of
the combined hepatitis A/B vaccine (month 7). Commer-
cial radioimmunoassay kits were used to measure anti-HBs
Abs (AUSAB®, Abbott Laboratories), HBsAg (AxSYM®

or AUSAB® 11-125, Abbott laboratories), anti-HBc Abs
(AxSYM® or CORAB®, Abbott laboratories) and anti-
HAV Abs (Enzymum Kit®, Boehringer). Anti-tetanus, anti-
diphtheria, anti-PRP titres and IgG Abs against the pertussis
components PT, FHA and PRN were measured by ELISA.
The assay cut-off limits were set at≥1 mIU/ml for anti-HBs,
≥0.1 IU/ml for anti-tetanus and anti-diphtheria,≥33 mIU/ml
for anti-HAV and ≥0.15 mcg/ml for anti-PRP titres. The
cut off for all three pertussis Abs was 5 EL.U/ml. Antibod-
ies against polio virus types 1, 2 and 3 were determined
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to record any additional symptoms occurring within 30 days
of vaccination.

Primary endpoint was the proportion of previously
seronegative subjects achieving anti-HAV Ab titres≥33
mIU/ml and anti-HBs Ab titres≥10 mIU/ml at month 7.
No specific endpoints were defined for the immune response
to DTPa-IPV/Hib and MMR vaccines but the data obtained
in our study were compared to published reference values
[4,6–8].

3. Results

3.1. Study population

Sixty subjects entered study 1 and received at least one
dose of vaccine. Of these, 53 (32 males) could be evaluated for
immunogenicity and constituted the per-protocol (PP) popu-
lation. The mean age was 16.5 (range 15–18) months. Four
subjects were found to be seropositive for hepatitis A/B and
three did not comply with the vaccination schedule. Of the 57
subjects in study 2, the PP population comprised 37 subjects
(17 males) with a mean age of 12.5 (range 11–15) months.
The rest were either seropositive at entry or did not comply
with the study schedules.
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y a virus microneutralisation test adapted from the W
uidelines. Titres were expressed in terms of the 50%
ibitory dose (ID50). Values≥8 times ID50 were considere

o be protective. IgG Abs to MMR were assayed by EL
Enzygnost®, Behringwerke, Germany) using cut off lim
ts of 150 mIU/ml for measles, 231 U/ml for mumps, a
IU/ml for rubella. Subjects with Ab titres above or eq

o the cut-off value were considered seropositive. Sero
ection for anti-HBs was defined as an Ab titre≥10 mIU/ml.
n anti-PRP titre≥0.15 mcg/ml was indicative of protecti
gainst Hib disease. Anti-tetanus and anti-diphtheria
0.1 IU/ml were considered seroprotective. Vaccine resp

or pertussis was defined as Ab titres above the assay c
n initially seronegative subjects or by post-vaccination
itres≥2× pre-vaccination titres.

Subjects’ parents/guardians recorded any pain, red
welling, fever, irritability, drowsiness or loss of appetite
hree days after vaccination on a diary card. Pain was s
s: minor reaction to touch (grade 1); cries/protests to tou

imb movement (grade 2) or spontaneous pain (grade 3).
ral symptoms were assessed as: easily tolerated (gra

nterfering with normal activity (grade 2); preventing norm
ctivity (grade 3). Fever was graded: 38.0–38.5◦C (grade 1)
8.5–39.5◦C (grade 2); >39.5◦C (grade 3). In study 2, pa
nts monitored the presence of rash/exanthema, paro
alivary gland enlargement and signs of meningism (vo
ng, neck stiffness or photophobia). Parents were also a

1 AmbirixTM is a combined hepatitis A/B vaccine containing 720 EL.U
nactivated hepatitis A virus, 20�g of recombinant hepatitis B antigen a
.45 mg of aluminium as salt in a 1-ml dose.
;

.2. Immunogenicity

One month after the second dose of vaccine, all sub
ere seroprotected against hepatitis B and were sero

ive for anti-HAV Abs (Tables 1 and 2, Fig. 1). All subjects
n study 1 were seroprotected against tetanus and dip

ig. 1. Comparative anti-HAV and anti-HBV GMTs at 0 and 7 months
ore first and following second vaccine dose) for study 1 (Hepatitis A/B
TPa-IPV/Hib) and study 2 (Hepatitis A/B plus MMR). Bars represent
onfidence intervals for each GMT value plotted.
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Table 1
Comparison of seroprotection and seropositivity rates following administration of the combined hepatitis A/B and DTPa-IPV/Hib with reference values
(study 1)

Antibody Seroprotectiona and seropositivityb GMT

Month N % 95% CI Reference value Value 95% CI

Anti-HBs 0 53 0.0 0.0–6.7 0.5 0.5
7 52 100.0 93.2–100.0 96.0–100c 23,092 16,133–33,053

Anti-HAV 0 53 0.0 6.7–16.5 17 14–18
7 52 100.0 93.2–100.0 98.0–100c 8736 7299–10458

Anti-diphtheria 0 53 83.0 70.2–91.9 0.26 0.2–0.3
1 53 100.0 93.3–100.0 98.2d 8 7–10

Anti-tetanus 0 53 100.0 93.3–100.0 0.60 0.5–0.7
1 53 100.0 93.3–100.0 100d 18 15–21

Anti-PT 0 52 75.0 61.1–86.0 15 10.6–21.3
1 51 98.0 89.6–100.0 100d 359 258–499

Anti-FHA 0 51 98.0 89.6–100.0 21 16–28
1 51 100.0 93.0–100.0 100d 581 482–701

Anti-PRN 0 53 79.2 65.9–89.2 12 9–16
1 53 100.0 93.3–100.0 100d 492 379–639

Anti-polio 1 0 53 96.2 87.0–99.5 29 22–39
1 41 100.0 91.4–100.0 100d 1352 986–1854

Anti-polio 2 0 53 94.3 84.3–98.8 41 28–59
1 38 100.0 90.7–100.0 100d 1217 923.6–1603.4

Anti-polio 3 0 52 57.7 43.2–71.3 15 11–22
1 39 100.0 91.0–100.0 100d 1243 847–1824

Anti-PRP 0 51 41.2 27.6–55.8 0.1 0.1–0.2
1 53 100.0 93.3–100.0 100e 10 7–16

N number of subjects tested.
a Seroprotection: anti-HBs >10 IU/ml; anti-diphtheria and anti-tetanus≥0.1 IU/ml; anti-polio 1,2 and 3≥8 times ID50; anti-PRP≥0.15 mcg/ml.
b Seropositivity: anti-HAV≥33 mIU/ml; anti-PT, anti-FHA and anti-PRN≥5 El.U/ml arbitary value for anti-PRP titres≥0.15 mcg/ml.
c 95% CI [24].
d Point estimate [23].
e Point estimate[8].

ria toxins, and all but one were seropositive for anti-PT Abs.
All subjects were seroprotected against polio. One month af-
ter Hib vaccination, all subjects achieved titres >15 mcg/ml
and 94.3% exceeded levels of 1 mcg/ml. All subjects be-
came seropositive for anti-mumps, measles and rubella Abs
(Table 2).

3.3. Safety and reactogenicity (Table 3)

Local symptoms were reported (Table 3) in 48% of cases
who received the hepatitis A/B and MMR vaccines, and 18%
who received the hepatitis A/B and DTPa-IPV/Hib vaccines.
Rates for general symptoms were 46 and 32%, respectively.

Table 2
Comparison of seroprotection and seropositivity rates following administration of the combined hepatitis A/B and MMR with reference values (study2)

Antibody Seroprotectiona and seropositivityb GMT

Month N % 95% CI Reference value 95% CI

Anti-HBs 0 36 0.0 0.0–9.7 0.5 0.5–0.5
7 35 100.0 90.0–100 96.0–100c 32,540 23,685–44,705

Anti-HAV 0 37 2.7 0.1–14.2 17 16–18
7 35 100.0 90.0–100 98.0–100c 11016 8511–14258

Anti-measles 0 37 0.0 0.0–9.5
1 26 100.0 86.8–100 99.6d 2746 2212–3411

Anti-mumps 0 37 0.0 0.0–9.5
1 26 100.0 86.8–100 97.0d 1307 1017–1680

Anti-rubella 0 37 0.0 0.0–9.5
1 26 100.0 86.8–100 100d 63 49–82

N number of subjects tested.
a Seroprotection: anti-HBs >10 IU/ml.
b Seropositivity: anti-HAV≥33 mIU/ml; anti-mumps≥231 U/ml, anti-measles≥150 mIU/ml and anti-rubella≥4 IU/ml.
c 95%CI [21].
d Point estimate[4].
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Table 3
Summary of solicited local and general symptoms following administration of the combined hepatitis A/B and DTPa-IPV/Hib or MMR vaccines (per dose
analysis)

Study 1 (DTPa-IPV/Hib) Study 2 (MMR)

DTP thigh (N= 60, %) Hep thigh (N= 120, %) MMR thigh (N= 57, %) Hep thigh (N= 109, %)

Local symptoms
Pain All 16.7 13.8 22.8 24.8

Grade 3 1.7 0.8 0.0 0.0
Redness All 10.0 4.2 22.8 29.4

Grade 3 0.0 0.8 0.0 0.0
Swelling All 6.7 0.8 5.3 10.1

Grade 3 0.0 0.0 0.0 0.0

General symptoms

Drowsiness
All 6 .7a 21.1b

Grade 3 0.0a 0.9b

Fever
All 13.3a 8.3b

Grade 3 0.0a 0.9b

Irritablility
All 25.0a 30.3b

Grade 3 0.0a 0.9b

Loss of appetite
All 11.7a 22.9b

Grade 3 0.0a 0.9b

N= number of doses for which the symptom sheet was completed.
a N= 120, %.
b N= 109, %.

The proportion of general solicited symptoms considered as
being of probable or suspected relationship to vaccination
was 82% in study 1 and 66% in study 2. No cases of parotid
or salivary gland swelling occurred, and there were only
two reports of rash, both of mild-to-moderate intensity and
considered unrelated to the study vaccine. No unsolicited
symptoms were attributed to vaccination in study 1 but three
subjects developed symptoms (vomiting and two injection
site reactions) that were suspected or probably related to vac-
cination in study 2. Six serious adverse events were reported
in study 1, all considered unrelated to vaccination. Of five
serious adverse events in study 2, only one was considered
related to vaccination. The subject was hospitalized on day
1, with febrile convulsions (probably related to vaccination)
and acute rhinopharyngitis (unlikely related to vaccination).
The subject recovered and was discharged after 4 days.

4. Discussion

Our findings suggest that the immunogenicity of DTPa-
IPV/Hib, MMR and hepatitis A/B vaccines is not reduced
by co-administration. One month after vaccination, seropro-
tection or seroconversion was achieved in all subjects for all
components except for one subject who did not respond to
pertussis. Interestingly, anti-HBs titres were at least 2.5 times
h who
r anti-

HAV titres in our study were comparable to those previously
published[8]. GMTs for anti-measles, mumps and rubella
were similar to those reported in over 4700 children under
2 receiving the same MMR vaccine[3]. GMTs for DTPa-
IPV/Hib compared favourably with a four-dose vaccination
schedule given during the first year of life[6].

Solicited symptoms were reported slightly more fre-
quently than in studies of the separate vaccines[3,4,9], except
for DTPa-IPV/Hib[10]. Although it was not possible to eval-
uate the role of hepatitis A/B vaccine and co-administered
vaccines in the incidence of general symptoms, the reac-
togenicity and safety of AmbirixTM was compared to that
of the established schedule (TwinrixTM Junior) in another
study conducted in young children aged 1–11 years[11],
where both vaccines were shown to have a similar reacto-
genicity profile, with very few grade 3 symptoms. Hence,
the high proportion of general symptoms related to vacci-
nation observed in study 1 and 2 may, at least partly, be
linked to co-administration of MMR and DTPa-IPV/Hib
vaccines; in particular, in the latter case, our subjects were
primed with a whole cell vaccine (DTPw) vaccine, which
was shown to cause increased reactogenicity with subse-
quent doses in comparative studies with children primed
with a DTPa vaccine[12]. However, the safety profile of
all vaccines was within published limits, indicating mutual
non-influence.

n be
c ur-
igher than those reported in children aged 1–6 years
eceived the hepatitis A/B vaccine alone, whereas the
We conclude that combined hepatitis A/B vaccine ca
o-administered with MMR or DTPa-IPV/Hib vaccines d
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ing the second year of life without compromising immuno-
genicity or safety. Combined administration may improve
compliance and will simplify the goal of providing protec-
tion against hepatitis A and B.
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