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Abstract. Combination vaccines have been shown to improve the timeliness of
vaccination and vaccine coverage. Safety and reactogenicity of combined diph-
theria-tetanus-acellular pertussis-inactivated poliovirus and Haemophilus influenzae
type b vaccine (DTPa-IPV/Hib, Infanrix™ IPV+Hib, GlaxoSmithKline Biologicals)
was assessed in two clinical studies. In Study A, 2,590 subjects received DTPa-
IPV/Hib at 3, 4 and 5 months of age with a booster at 18 months. In Study B, 702
subjects received the same schedule but with DTPa-hepatitis B-IPV/Hib (DTPa-
HBV-IPV/Hib, Infanrix hexa™, GlaxoSmithKline Biologicals) vaccine administered
at 5 months of age. Reactogenicity was assessed for four days after each dose
using diary cards. Serious adverse events (SAEs) were assessed until 24 months
of age. The vaccines were well tolerated. After primary vaccination, irritability
was the most frequently reported grade 3 general symptom (0.8% of doses in both
studies). Fever (axillary) >39°C was infrequent (0.3% of doses in Study A; 0.5% of
doses in Study B). After the booster dose, the most frequently reported grade 3
symptom was redness (5%) in Study A and pain (0.5%) in Study B. An axillary
temperature >39°C was reported in 1.1% of subjects. Throughout the study pe-
riod, 646 SAEs were reported, of which 6 SAEs were considered to be vaccination-
related. The reactogenicity and safety profile of the combined DTPa-IPV/Hib vac-
cine was good when used for primary and booster vaccinations in over 3,000
Singaporean infants. Substitution of DTPa-IPV/Hib with DTPa-HBV-IPV/Hib at
Month 5 reduced the number of injections required at this age by one.
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INTRODUCTION

Easy access to vaccines targeting diph-
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theria, tetanus, pertussis and poliomyeli-
tis diseases, and their large-scale imple-
mentation as part of the Expanded Pro-
gram on Immunization (EPI) in most coun-
tries, has led to a significant reduction in
childhood morbidity and mortality due to
these diseases worldwide. Nevertheless,
the burden of disease remains substantial,
particularly in developing countries where
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vaccine coverage may be poor. According
to World Health Organization (WHO) es-
timates, there were 4,000 deaths due to
diphtheria and 198,000 deaths due to teta-
nus in 2002, among children <5 years old
(WHO, 2007). There were 294,000 deaths
across all age groups in 2002 due to per-
tussis (WHO, 2007). High global rates of
vaccination against poliomyelitis have
been achieved using inactivated poliovi-
rus (IPV) and live attenuated oral poliovi-
rus (OPV) vaccines. However, continued
vaccination against poliomyelitis is
needed in the years leading up to and fol-
lowing global eradication of polio disease
(WHO, 2002a). In Singapore, the national
immunization program for vaccines
against diphtheria, pertussis, tetanus and
polio has been in place for many years. As
a result, the incidences of these diseases
have reduced considerably since the late
1970’s (Wong, 1982; Phua et al, 2008).

Hepatitis B is a viral disease of major
global importance with an estimated two
billion people affected worldwide. Perina-
tal infection results in chronic hepatitis B
in up to 90% of cases (WHO, 2004). Thus,
interruption of transmission to infants and
young children by vaccination is critical to
prevent chronic carriage and deaths from
liver cancer and cirrhosis of the liver. Hepa-
titis B had been endemic in Singapore (Goh,
1997). Epidemiological surveys have dem-
onstrated an overall infection rate of ap-
proximately 25% and a carrier rate of 5-6%
for hepatitis B in the general population of
the country (Goh, 1997). Routine immuni-
zation of all infants against hepatitis B was
introduced in 1987 (Goh et al, 1989).

It is estimated that Haemophilus
influenzae type b (Hib) causes three million
cases of serious disease and 386,000 deaths
world-wide annually, the majority of
which occur in developing countries
(Peltola, 2001; Aristegui et al, 2003; WHO,
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2006). Prior to the introduction of Hib vac-
cines in Singapore, the annual incidence
of invasive Hib disease was estimated at 5
per 100,000 in children aged less than 5
years (Tee and Lin, 1996; Phua et al, 2008).
While Hib vaccination is not currently in-
cluded in Singapore’s routine vaccination
schedule, it is widely administered in the
private sector (Phua et al, 2008).

In accordance with the recommenda-
tion of the WHO to implement universal
mass vaccination against hepatitis B and
Hib (WHO, 2002b), GlaxoSmithKline
(GSK) Biologicals, has developed a com-
bined diphtheria-tetanus-acellular pertus-
sis-IPV-Hib vaccine (DTPa-IPV/Hib,
Infanrix™ IPV+Hib) and a combined
hexavalent DTPa-hepatitis B-IPV-Hib vac-
cine (DTPa-HBV-IPV/Hib, Infanrix hexa™).
The immunogenicity and tolerability of
these vaccines when used for primary and
booster vaccination of infants has been
established when administered in a range
of schedules (Lim et al, 2007; Zepp et al,
2009). Use of combination vaccines, such
as DTPa-HBV-IPV/Hib and DTPa-IPV/
Hib, improves both vaccine coverage and
timeliness (Meyerhoff and Jacobs, 2005;
Kalies et al, 2006; Happe et al, 2009). Safety
and reactogenicity of the DTPa-HBV-IPV/
Hib and DTPa-IPV/Hib vaccines when
used for the primary and booster vaccina-
tion of Singaporean infants were assessed
in two clinical studies.

MATERIALS AND METHODS

Study design and subjects

Subjects were healthy infants enrolled
in a randomized, placebo-controlled effi-
cacy study of GSK’s human rotavirus vac-
cine, Rotarix™ (ClinicalTrials.gov Identi-
fier: NCT00197210). Parents/guardians
of subjects were invited to participate vol-
untarily in either of two open, parallel
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studies (A and B) designed to assess
reactogenicity and safety of DTPa-IPV/Hib
and DTPa-HBV-IPV/Hib given concur-
rently with Rotarix™. In both studies,
Rotarix™ or placebo was administered
orally at 3 and 4 months of age. The safety
and efficacy of the Rotarix™ vaccine are
presented elsewhere (Phua et al, 2009).

In Study A (NCT00325156), subjects
received a three-dose primary series of
DTPa-IPV/Hib at 3, 4 and 5 months of age,
and a booster dose at 18 months of age. In
Study B (NCT00325143), subjects received
DTPa-IPV/Hib at 3 and 4 months, one dose
of DTPa-HBV-IPV/Hib at 5 months of age,
and a booster dose of DTPa-IPV/Hib at 18
months of age.

In both studies, children were 11-17
weeks old at the time of first vaccination.
In accordance with recommendations in
Singapore, children in Study A received
hepatitis B vaccine at 0 and 1 month of age,
and were planned to receive a third dose
of hepatitis B vaccine at 6 months of age
after completion of the study. In Study B,
children received hepatitis B vaccine at 0
and 1 month of age and the DTPa-HBV-
IPV/Hib vaccine (representing the third
dose of HBV vaccine) at 5 months of age.

Study A was conducted in eight cen-
ters in Singapore and Study B in three cen-
ters in Singapore, between December 2003
and August 2007. The studies were con-
ducted according to the provisions of the
Declaration of Helsinki, Good Clinical
Practices. The study protocols and related
documents were approved by the Ethics
Committee of all the participating centers
in Singapore. Written informed consent
was obtained from the parent or guardian
of each subject before enrollment.

Study vaccines
Each 0.5 ml dose of DTPa-HBV-IPV/
Hib contained: 25 Lf diphtheria toxoid, 10
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Lf tetanus toxoid, 25 pg pertussis toxoid
(PT), 25 pg filamentous hemagglutinin
(FHA), 8 pg pertactin (PRN), 10 pg recom-
binant hepatitis B surface antigen, 40 D
antigen units poliovirus type 1 (Mahoney),
8 D antigen units poliovirus type 2 (MEF-
1), 32 D antigen units poliovirus type 3
(Saukett) and 10 pg polyribosyl-ribitol-
phosphate (PRP) conjugated to 20-40 pg
tetanus toxoid. The antigen composition
of DTPa-IPV/Hib was identical to DTPa-
HBV-IPV/Hib but did not contain a hepa-
titis B component.

All vaccines were administered intra-
muscularly into the anterolateral part of
the right thigh.

Assessment of safety

Parents/guardians used diary cards to
record solicited local symptoms (pain, red-
ness and swelling at injection site) and
solicited general symptoms (drowsiness,
fever, irritability/fussiness and loss of ap-
petite) for four days (Days 0-3) after each
vaccine dose. The intensity of adverse
events was graded on a 3-point scale,
where grade 3 was defined as pain that
caused discomfort when the limb was
moved, injection site redness or swelling
>20 mm diameter or fever higher than
39°C (axillary temperature). Grade 3 irri-
tability/fussiness was defined as “crying
that could not be comforted/prevented
normal activity”. Grade 3 drowsiness was
defined as “drowsiness that prevented
normal activity”. Grade 3 loss of appetite
was defined as “did not eat at all”.

A large swelling at the injection site,
defined as swelling >50 mm, noticeable
diffuse swelling or noticeable increase of
limb circumference, were solicited and
assessed by the investigator, after the
booster dose.

All other (unsolicited) adverse events
were recorded for at least 30 days after
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Study A
N = 2,590 enrolled and vaccinated

Visit 1 (age 3 months)
First DTPa-IPV/Hib dose N = 2,590

y

Visit 2 (age 4 months)
Second DTPa-IPV/Hib dose N = 2,570

y

Visit 3 (age 5 months)
Third DTPa-IPV/Hib dose N = 2,568

y

Visit 4 (age18 months)
Booster DTPa-IPV/Hib dose N = 2,541

y
2,590 Total Vaccinated Cohort

y

Study B
N =702 enrolled and vaccinated

A

Visit 1 (age 3 months)
First DTPa-IPV/Hib dose N = 702

Visit 2 (age 4 months)
Second DTPa-IPV/Hib dose N = 697

Visit 3 (age 5 months)
DTPa-IPV/Hib dose N = 694

Visit 4 (age 18 months)
Booster DTPa-IPV/Hib dose N = 689

702 Total Vaccinated Cohort

A 4

Subjects withdrawn: SAE (3); protocol violation (8);
consent withdrawal (31); lost to follow-up/moved from
area (69); Other (1)

Subjects withdrawn: consent withdrawal (8); lost to
follow-up/moved from area (18)

y
Study completion N = 2,478

Study completion N = 676

Fig 1-Subject disposition.

each vaccine dose. Serious adverse events
(SAEs) were recorded throughout the
study period. Six months after the last
study vaccine dose, parents/guardians
were contacted by telephone to report
SAEs occurring until 24 months of age.

Alllocal symptoms were considered to
be related to vaccination. The investigator
established whether a causal relationship
was present between the occurrence of any
other symptom and vaccination.

Statistical methods

The analyses of safety and reacto-
genicity were performed on the total vacci-
nated cohort, comprising vaccinated infants
for whom data concerning reactogenicity
endpoint measures were available.
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The studies were descriptive. The per-
centage of doses followed by at least one
adverse event during the follow-up period
for solicited symptoms, unsolicited symp-
toms and SAEs was tabulated with exact
95% confidence intervals (CI). All statisti-
cal analyses were performed using Statis-
tical Analysis System (SAS) version 9.1 and
StatXact-7.

RESULTS

Demography

The number of enrolled and vacci-
nated subjects were 2,590 in Study A, and
702 in Study B. Three subjects withdrew
from Study A due to SAE. All withdraw-
als due to protocol violations were due to
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Fig 2-Incidence of solicited local symptoms after primary
vaccination (Study A, N=7,694 primary doses and
N=2,448 booster doses; Study B, N=2,053 primary

doses and N=565 booster doses).

deviations from protocol specified study
intervals.

The mean age of subjects at the time
of the first DTPa-IPV/Hib dose was 13.3
weeks [standard deviation (SD): 0.87
weeks] in Study A and 13.5 weeks (SD: 0.99
weeks) in Study B. The mean age of infants
at the booster dose was 18.1 months (SD:
1.22 months) in Study A and 18 months
(SD: 0.62 months) in Study B.

Primary vaccination

Solicited local and general symptoms. Pain
and redness were the most frequently re-
ported local symptoms after primary vac-
cination in Studies A and B (Fig 2). Pain
was the most frequently reported grade 3
local symptom in both studies, reported
in 0.5% of doses in Study A and 0.4% of
doses in Study B.
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4. With the exception of fever, the
point estimate for the incidence of
each local and general symptom
tended to be higher in Study B.
The incidences of grade 3 symp-
toms were low after both the
DTPa-HBV-IPV/Hib and DTPa-
IPV/Hib vaccinations: individual
symptoms of grade 3 intensity
were reported in no more than

0.4% of subjects receiving DTPa-IPV/Hib
and in no more than 0.8% of subjects re-
ceiving DTPa-HBV-IPV/Hib.

Other symptoms. Unsolicited symptoms
within one month of each dose were re-
ported after 13.2% of doses in Study A and
in 17.9% of doses in Study B. The percent-
ages of primary doses followed by an un-
solicited symptom considered by the in-
vestigator to be related to vaccination were
0.2% in Study A and 0.5% in Study B.

Booster vaccination

Solicited local and general symptoms. In
both studies, the incidences of local solic-
ited symptoms and fever tended to be
higher after the booster dose than after pri-
mary vaccination (Figs 2 and 3). Fever
(237.5°C) and redness (of all grades) were
the most frequently reported symptoms
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Large injection site reactions.
Large injection site reactions were
reported in 11 subjects (0.4%, all
in Study A) after the booster dose.
All reactions began within two
days of booster vaccination and
the majority had resolved by the
fourth day after vaccine adminis-
tration. Ten out of 11 subjects had
swelling limited to the injection
site, with a maximum diameter of
02 100 mm. One subject developed a

0.0

Study A Study B | Study A Study B | Study A Study B

Drowsiness Fever Irritability

3 Primary; 1 Booster; [ZZ] Grade 3

The numbers above each bar represent the incidence
(in %) of the corresponding solicited symptom. Error bars,

95% CI; Hatched regions, grade 3 symptoms.

Fig 3-Incidence of solicited general symptoms after pri-
mary vaccination (Study A, N=7,694 primary doses
and N=2,447 booster doses; Study B, N=2,053 pri-

mary doses and N=565 booster doses).

after the booster dose in Study A, whereas
pain and irritability (of all grades) were the
most frequently reported symptoms after
the booster dose in Study B. The most fre-
quently reported grade 3 symptoms were
redness (5%) in Study A and pain (0.5%) in
Study B. Some variability in grade 3 symp-
toms between the studies occurred: redness
and swelling >20 mm were reported in 5%
and 4.5% of subjects, respectively, in Study
A and in £0.4% of subjects in Study B. Grade
3 pain was reported in 1.6% of subjects in
Study A, and 0.5% of subjects in Study B.
Axillary temperatures >39°C were reported
in 1.0% and 1.1% of subjects in Studies A
and B, respectively, after the booster dose.
Other general symptoms (drowsiness, irri-
tability and loss of appetite) of grade 3 in-
tensity were reported in <0.7% of subjects
in both studies.

Vol 42 No.1 January 2011

Study A Study B
Loss of appetite

diffuse swelling reaction. None of
the large swelling reactions in-
volved an adjacent joint.

Other symptoms. Unsolicited
symptoms within one month of
the booster dose were reported in
6.5% of subjects in Study A and
10.8% of subjects in Study B. Six
subjects in Study A (0.2%) and one
subject in Study B (0.1%) had at
least one unsolicited symptom
that was considered by the inves-
tigator to be related to vaccination.

Serious adverse events. In Study A, a total
of 538 SAEs were reported in 380 subjects.
There was one death. The female subject
aged 11 months died six months after the
third dose of DTPa-IPV/Hib due to inter-
stitial lung disease of viral etiology. The
investigator considered the death unre-
lated to the study vaccines. Four SAEs [he-
matoma at the injection site; abscess at the
injection site (two cases) and rash] were
considered to be related to vaccination.

A total of 108 SAEs were reported in
Study B. Of these, two SAEs reported in
the same subject, were considered by the
investigator to have a causal relationship
with vaccination. The subject had a febrile
convulsion two days after receiving a
DTPa-IPV/Hib booster dose, followed
three days later by exanthema subitum.
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Fig 4-Incidence of solicited local and general symptoms
within the four day follow-up period after Dose 3.

DISCUSSION

The reactogenicity and safety profile
of the combined DTPa-IPV/Hib vaccine
was shown to be good when used for pri-
mary and booster vaccination of over 3,000
Singaporean infants enrolled in two clini-
cal safety studies. The incidence of local
reactions following primary vaccination
with DTPa-IPV/Hib was lower than what
was reported following primary vaccina-
tion (Cody et al, 1981; Dagan et al, 1997;
Jefferson et al, 2003). The reactogenicity
profiles of DTPa-IPV/Hib seen in Studies
A and B were similar with previous pub-
lished reports of DTPa-IPV/Hib when ad-
ministered to infants in Europe (Dagan et
al, 1997), Taiwan (Lin et al, 2003) and
Singapore (Phua et al, 2008). In addition,
it has been observed that the co-adminis-
tration of the DTPa-IPV/Hib vaccine with
other routine vaccines is safe and well tol-
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erated by infants (Phua et al,
2008).

Incidences of local reactions
at the injection site tended to in-
crease after the DTPa-IPV/Hib
booster dose at 18 months of age
compared to post-primary inci-
dence rates. This is a well rec-
ognized phenomenon observed
with DTPa-based and DTPw-
based combination vaccines
(Deloria et al, 1995; Pichichero
et al, 1997). Grade 3 local symp-
toms after a booster dose were
reported by <5% of subjects in
both studies, and grade 3 gen-
eral symptoms by <1.1% of sub-
jects, in both studies.

Large swelling reactions in-
volving the entire vaccinated
limb are a well-recognized phe-
nomenon following booster
vaccination with many vac-
cines, including DTPa, DT and DTPw vac-
cines, from all manufacturers (Woo et al,
2003). The cause of these large swelling re-
actions is not fully understood, however,
they are generally not associated with sig-
nificant impairment of function, and re-
solve without sequelae (Scheifele et al,
2006). Large swelling reactions after the
DTPa-IPV/Hib booster dose were reported
by 0.4% of subjects in Study A and by no
subjects in Study B. Only one swelling re-
action was reported as diffuse and none
of the reported swellings involved an ad-
jacent joint. This is well below the range
of 2% to 6% following DTPa booster doses
reported in the literature (Rennels, 2003).

In Study B, the hexavalent combina-
tion vaccine DTPa-HBV-IPV/Hib was sub-
stituted for the third primary vaccine dose
at five months of age, coinciding with the
third hepatitis B vaccine dose recom-
mended at this age in Singapore. The im-
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munogenicity and reactogenicity profile of
DTPa-HBV-IPV/Hib has been established
through clinical trials and eight years of
post-marketing surveillance of vaccine ef-
fectiveness and safety (Zepp et al, 2009).

The incidence of grade 3 symptoms
remained low with DTPa-HBV-IPV/Hib
vaccination, and within the same range as
that reported for the third DTPa-IPV/Hib
dose. A study showed that when hepatitis
B is co-administered with DTPa-IPV/Hib,
the reactogenicity profile is comparable to
that of DTPa-HBV-IPV/Hib (Zepp et al,
2004).

Combination vaccines targeting mul-
tiple diseases in a single injection have a
growing role to play in meeting WHO ob-
jectives to achieve and maintaining high
global vaccine coverage against diphthe-
ria, tetanus, pertussis, hepatitis B, polio-
myelitis and Hib (WHO, 2002a). Combi-
nation vaccines have the advantage of
causing less discomfort to infants through
fewer injections and visits to the doctor,
increasing vaccine acceptance and compli-
ance with vaccine recommendations, and
easing the introduction of new pediatric
vaccines into already crowded childhood
vaccination schedules (CDC, 1999). In
Singapore, infant vaccination against
hepatitis B is well established. However,
clinical safety data as well as published
clinical immunogenicity data (Lim et al,
2007) indicate the combined hexavalent
DTPa-HBV-IPV/Hib vaccine may be used
at Month 5, removing the need for an ad-
ditional injection of monovalent hepatitis
B vaccine at this age. Although not cur-
rently included in the Singapore public
immunization schedule, the Hib vaccine
is commonly administered to children in
the private sector in Singapore (Phua et al,
2008). Thus, use of the combined DTPa-
IPV/Hib or DTPa-HBV-IPV/Hib vaccines
allows administration of the Hib compo-
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nent without the need for additional in-
jections.

Combination vaccines have a growing
role in maximizing vaccine acceptance,
timeliness of administration and coverage.
Primary and booster vaccination with
DTPa-IPV/Hib resulted in an acceptable
reactogenicity profile that was comparable
to reports in the published literature. In
addition, substitution of DTPa-IPV/Hib
with DTPa-HBV-IPV/Hib at Month 5 re-
duced the number of injections required
at this age by one.
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