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Safety and immunogenicity of Haemophilus influenzae type b conjugate vaccine
(PedvaxHIBTM) in Papua New Guinean children
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SUMMARY

Background.  In view of high mortality and morbidity from Haemophilus influenzae type b
(Hib) in young Papua New Guinean children, the incorporation of a Hib conjugate vaccine into
a nationwide immunization program would be of major public health benefit.  The choice of
the Hib conjugate vaccine will be based on the evaluation of several Hib conjugate vaccines,
after consideration of such factors as the ease of incorporation into the current vaccination
schedule, cost, kinetics of antibody responses and safety.  Methods.  This study evaluated the
safety and immunogenicity of Hib polysaccharide-Neisseria meningitidis outer membrane
protein complex conjugate vaccine (PRP-OMPC) in Papua New Guinea.  95 children were
recruited at Goroka Base Hospital, Eastern Highlands Province, and enrolled in the study.
PRP-OMPC was administered at ages 2, 4 and 12 to 15 months.  Blood was collected before
each dose, one month after the second and booster doses, and at ages 18 and 24 months.
Antibody to PRP (anti-PRP) was measured by radioimmunoassay.  Results.  PRP-OMPC was
generally well tolerated.  At successive sampling times from the prevaccination bleed through
the 1-month post-booster bleed, geometric mean titres were 0.18, 1.45, 2.54, 1.03 and
8.05 µg/ml, respectively (n=60).  The proportions of subjects with anti-PRP titres ≥1.0 µg/ml
were 2%, 62%, 73%, 47% and 93%, respectively (n=60).  Persistence of anti-PRP was
ascertained in 41 subjects.  The GMTs at 18 and 24 months were 3.42 and 2.0 µg/ml,
respectively.  Conclusions.  PRP-OMPC was found to be immunogenic after the first dose and
to elicit a robust booster response.  Antibody titres persisted until age 24 months, at which time
100% of subjects had anti-PRP ≥0.15 µg/ml.  These results are consistent with previous studies
in US Native American infants and in Gambian infants.

Introduction

Approximately 4 million children worldwide
die annually from pneumonia, the majority at a
young age in developing countries (1).
Bacterial pneumonia is common in children
and is predominantly due to Streptococcus
pneumoniae and Haemophilus influenzae (2).
These two pathogens are also among the major
aetiological agents of childhood bacterial

meningitis, which is associated with a high
case fatality rate and neurological sequelae.

In Papua New Guinea (PNG), pneumonia is
the most common cause of death and
hospitalization among children aged less than 5
years (3).  S. pneumoniae and H. influenzae (in
approximately equal numbers) account for
more than 80% of paediatric bacterial
pneumonia; two-thirds of bacteraemic

1 Papua New Guinea Institute of Medical Research, PO Box 60, Goroka, EHP 441, Papua New Guinea

2 Present address: TVW Telethon Institute for Child Health Research, PO Box 855, West Perth, WA 6872, Australia

3 Merck Research Laboratories, West Point, PA, USA

4 Present address: AVIRON, 297 Bernardo Ave, Mountain View, CA 94043, USA



103

Papua New Guinea Medical Journal Volume 41, No 3-4, Sep-Dec 1998

H. influenzae pneumonia are due to serotype b
(Hib) (4,5).  Hib has been isolated from 39% of
purulent cerebrospinal fluid (CSF) samples
collected from children at Goroka Base
Hospital, Eastern Highlands Province (6).
One-quarter of all invasive Hib disease in
children aged less than 5 years who are
admitted to Goroka Base Hospital occurs
during the first 4 months of life, 50% before
the age of 6 months, and more than 90% before
the age of one year (7).  Estimated incidence
rates of Hib meningitis and all invasive Hib
disease are approximately 60 per
100,000/annum and 500 per 100,000/annum,
respectively, in children under the age of 5
years in Goroka District.  The incidence of
invasive Hib disease under the age of 1 year is
estimated to be 2000 per 100,000/annum (8).
These incidence rates are similar to those found
in Aboriginal Australian children (9).

Several Hib conjugate vaccines have been
shown to be immunogenic and efficacious in
both developed and developing countries (10-
13).  Their routine use in many developed
countries has resulted in a dramatic reduction
in the incidence of invasive Hib disease and in
upper respiratory tract carriage of Hib (14-18).
Since the incidence of invasive Hib disease is
high in PNG and multidrug-resistant strains of
Hib have recently emerged, an efficacious Hib
conjugate vaccine could greatly reduce the
burden of invasive Hib disease in Papua New
Guinean children (19).  In view of
environmental and genetic variation in
antibody responses to Hib conjugate vaccines
between populations, it is important to ensure
the immunogenicity of a Hib conjugate vaccine
in the target population before its introduction
into a nationwide program.  We assessed the
immunogenicity and safety of the Hib
conjugate vaccine PRP-OMPC, which is the
first of several Hib conjugate vaccines to be
evaluated in PNG as part of the development of
a nationwide Hib vaccination program.

Methods

Site of study

The site is located in the Asaro Valley,
Eastern Highlands Province, including Goroka
town and nearby villages, situated between
1500 and 1900 metres above sea level.

Inhabitants of Goroka town are either wage
earners or related to wage earners while people
in rural areas are generally subsistence farmers,
but earn cash through smallholder coffee
production, employment on plantations and
marketing of garden produce.

Study population

Ethical approval to carry out the study was
granted by the Medical Research Advisory
Committee of PNG.  From June 1992 to
February 1994, healthy children aged 2 months
receiving routine immunizations or treatment
for minor ailments at the Family Health Clinic
of Goroka Base Hospital were eligible for
inclusion in the study if they resided
permanently within one hour’s drive of Goroka
town.  Children with severe congenital
abnormalities, severe malnutrition or known
history of Hib disease were not eligible for
inclusion.  Mothers were given a written
explanation about the study to discuss with
relatives at home.  Eligible children of mothers
who gave informed consent were enrolled in
the study.

Vaccine

Vaccination with three different lots (Lot
1284T, Lot 0116W and Lot 1365W) of PRP-
OMPC (PedvaxHIBTM [Haemophilus b
Conjugate Vaccine (Meningococcal Protein
Conjugate)], Merck & Co., Inc., Whitehouse
Station, NJ, USA) enabled comparison of the
safety and immunogenicity of different lots of
vaccine.  The vaccine and aluminium
hydroxide diluent were stored at 2-8˚C.  Upon
reconstitution with 0.7 ml of diluent just before
vaccination, each 0.5 ml of vaccine contained
15 µg of Hib PRP (polyribosyl-ribitol
phosphate, the capsular polysaccharide of Hib),
250 µg of Neisseria meningitidis OMPC (outer
membrane protein complex, B11 strain),
225 µg of aluminium (as aluminium
hydroxide), thimerosal (a mercury derivative)
at 1:20,000 as a preservative, and 2.0 mg
lactose in 0.9% sodium chloride.

Vaccination schedule and follow-up

A blood sample (5 ml) was collected by
venepuncture before administering PRP-
OMPC at ages 2, 4 and 12 to 15 months.  PRP-
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OMPC was injected intramuscularly in the left
thigh.  Other vaccines were administered at
separate injection sites.  Blood samples were
also collected for assay 4 weeks after the
second dose of PRP-OMPC, 4 weeks post-
booster, and at approximately 18 and 24
months of age.

Hepatitis B, oral polio and measles vaccines
were generally administered on the same day
as PRP-OMPC, according to standard
vaccination schedules used in PNG (20).
Diphtheria-tetanus-pertussis vaccine (DTP)
was administered on the day following the
administration of PRP-OMPC so that the side-
effects observed for PRP-OMPC would not be
confounded by those associated with DTP (eg,
fever and irritability).  Children were examined
for side-effects 2 and 24 hours after each
vaccine dose.

We attempted to follow children up to the
age of 2 years.  If parents did not bring a child
for vaccination or for a follow-up blood sample
on the assigned day, a home visit was made on
at least two occasions to urge parents to attend
or to find out where the participants were
currently living.

Laboratory methods

Blood samples were centrifuged and sera
separated in Goroka.  Sera were assayed for
levels of antibody to PRP (anti-PRP) at Merck
Research Laboratories (West Point, PA, USA).
Anti-PRP was measured by a
radioimmunoassay that uses radiolabeled PRP
in a Farr-type procedure to detect total anti-
PRP with a lower limit of detection of
0.125 µg/ml (21).

Data analysis 

Data analysis was performed using Epi Info
6 (22).  Geometric mean titres (GMTs) of anti-
PRP, with 95% confidence limits, were
calculated at each time point that serum
samples were collected.

Results

A total of 95 subjects were enrolled (47
males, 48 females) and received a first dose of

PRP-OMPC.  91 subjects (96%) received a
second dose of PRP-OMPC and 80 (84%)
received the complete regimen of PRP-OMPC
(2-dose primary series plus a booster dose).  3
of the 95 enrolled subjects were excluded from
immunogenicity analysis because insufficient
serum had been collected before the first dose
of PRP-OMPC.  Follow-up to age 24 months
was difficult despite frequent home visits:
75% (69/92) and 60% (55/92) of subjects had
blood collected at approximately 18 and 24
months of age, respectively.  Only one parent
refused to have further blood samples collected
at age 12 months; others either had moved out
of the area or chose not to come for further
blood sampling.  Anti-PRP titres were
measured on 97% of all serum samples
collected; the total number assayed at each
bleeding time is shown in Figure 1.  Antibody
assays on complete series of serum samples up
to and including ages 5, 13 to 16, 18 and 24
months were available on 74 (80%), 60 (65%),
54 (59%) and 41 (45%) of the subjects,
respectively.

The mean ages of vaccination were as
follows:  first dose 8.5 weeks (range 4 to 13
weeks), second dose 16.3 weeks (range 13 to
26 weeks) and booster dose 52.3 weeks (range
48 to 61 weeks).  166 doses from Lot 0116W,
125 doses from Lot 1284T and 35 doses from
Lot 1365W of PRP-OMPC were administered.
The frequencies of local and systemic adverse
reactions and anti-PRP responses were similar
irrespective of whether immunization was with
Lot 0116W, Lot 1284T or Lot 1365W.
Accordingly, safety and immunogenicity data
from all three lots were pooled for the
remainder of the analyses.

Two deaths were reported among the study
participants.  One child who received 2 doses
of PRP-OMPC died at age 9 months of severe
pneumonia of unknown aetiology which was
complicated by pleural effusion and heart
failure.  Another child who completed the 3-
dose series of PRP-OMPC died at age 13
months from gastroenteritis with severe
dehydration.  Neither event was attributed to
PRP-OMPC.  Table 1 shows that the rates of
systemic and local reactions following
vaccination with PRP-OMPC were low.

The GMTs for all serum samples assayed at



105

Papua New Guinea Medical Journal Volume 41, No 3-4, Sep-Dec 1998

Figure 1.   Geometric mean titres of anti-PRP (and 95% confidence limits) by age before and after first, second and booster
doses of PRP-OMPC. Figure includes all available anti-PRP at each bleeding time.

TABLE 1

SYSTEMIC AND LOCAL REACTIONS 24 HOURS AFTER FIRST, SECOND AND BOOSTER DOSES OF PRP-OMPC

Reaction Postvaccination 1 Postvaccination 2 Booster dose
(N = 95) (N = 91) (N = 80)

No % No % No %

Systemic

Fever by history 2 2.1 4 4.4 4 5.0
Temp ≥37.5˚C* 0 0 1 1.3 1 1.5
Irritability 1 1.1 6 6.6 1 1.3
Prolonged crying 4 4.2 5 5.5 0 0
Drowsiness 0 0 1 1.1 0 0
Diarrhoea 2 2.1 4 4.4 0 0

Local

Redness 3 3.2 2 2.2 2 2.5
Tenderness 0 0 2 2.2 5 6.3

*   Temperatures were measured in 84, 77 and 65 of the children who had first, second and booster doses, respectively
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the various bleeding times before and after
PRP-OMPC vaccination through the age of 2
years are shown in Figure 1.  It has been
usually regarded that immediate protection is
provided by an anti-PRP antibody level of at
least 0.15 µg/ml and long-term protection by
1.0 µg/ml.  Käyhty et al. (23) in Finland found
that an anti-PRP level exceeding 0.15 µg/ml
derived from natural infection correlated with
protection, whereas, after vaccination, the level
of antibody that predicted protection was close
to 1.0 µg/ml.  Both these levels are therefore
relevant, even if their exact significance is not
known.  Table 2 presents the GMTs and the
proportion of subjects with anti-PRP titres
≥0.15 µg/ml and ≥1.0 µg/ml in the 60 children
who received all 3 doses of PRP-OMPC and
had a complete series of serum samples
assayed through the one-month post-booster
sample.  No significant differences in GMTs
were found between an analysis of all available
anti-PRP results at each bleeding time (Figure
1) and an analysis that was restricted to
subjects with a complete series of anti-PRP
results through the post-booster bleed at 13 to
16 months (Table 2).  This was also the case
for the analysis at the 18-month and 24-month
time points.  Our study did not demonstrate an
effect of age at first immunization on the anti-
PRP responses to the first, second and booster
doses (data not shown).

PRP-OMPC elicited a post-dose 1 and a
post-dose 2 anti-PRP response (Table 2):  88%
of children had anti-PRP titres ≥0.15 µg/ml and
62% had anti-PRP titres ≥1.0 µg/ml post dose 1
and 90% of children had anti-PRP titres ≥0.15
µg/ml and 73% had anti-PRP titres
≥1.0 µg/ml post dose 2.  Anti-PRP titres
declined between 5 and 12 to 15 months of
age, but subjects showed a marked booster
response to PRP-OMPC given at 12 to 15
months of age.  At age 24 months, the GMT
was still 1.9 µg/ml (Figure 1) and 100% and
69% of infants had anti-PRP titres
≥0.15 µg/ml and ≥1.0 µg/ml, respectively.

Table 3 presents the fold differences in
GMTs between successive assay time points.
There was an 8-fold rise in anti-PRP titres
following the first dose and a small additional
increase following the second dose.  Anti-PRP
titres decreased by more than 50% between 5
and 12 to 15 months of age, but rose 8-fold
following the booster dose.

Discussion

We have demonstrated that a primary series
of PRP-OMPC administered at 2 and 4 months
of age is highly immunogenic and generally
well tolerated in Papua New Guinean infants.
A booster dose administered at 12 to 15
months of age elicited a robust booster
response, after which antibody titres remained
relatively high through the age of 24 months.
To our knowledge, this was the first study in a
developing country in which a booster of PRP-
OMPC was given at age 12 to 15 months and
in which antibody titres were measured to 24
months of age.  This is an important and
neglected aspect of the immune response to
vaccination, the purpose of which, after all, is
to protect children from subsequent infection.
The ability to make a rapid and effective
immune response to natural boosting by
infection is the most critical outcome of
immunization, and yet the effect of boosting is
rarely studied explicitly.

The anti-PRP titres found in this study are
comparable to those found in US Native
American populations and Gambian children
(Tables 4, 5), although antibody responses in
PNG more closely resemble responses
observed in US Native American children than
responses in Gambian children (24-26).  The
less robust response in Gambian children may
be due to genetic or environmental factors,
including malaria, which is not endemic in our
study area.  The GMT of anti-PRP in Papua
New Guinean children appears to be higher
than in Navajo or Alaskan children before a
booster at age 12 months (Table 4).  This might
be due to more frequent environmental
boosting in PNG where very poor hygienic
conditions result in higher transmission rates of
both Hib and other cross-reacting bacteria (eg,
pneumococcus type 6) than in US Navajo and
US Alaskan Native populations (18,27).
GMTs of anti-PRP were similar at age 24
months in Papua New Guinean children (Table
4) to those in Navajo children who had the
same vaccination schedule; Calandra et al.
reported a GMT of 1.41 µg/ml (95%
confidence limits = 0.71, 2.78 µg/ml) at 22 to
28 months of age, approximately one year after
a booster dose (28).

An antibody response to the first dose of
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vaccine is desirable in populations such as US
Native American and Australian Aboriginal
and Torres Strait Islander populations where
invasive Hib disease occurs at very young ages
(24,25,29).  PRP-OMPC was recommended for
use in Australian Aboriginal and Torres Strait
Islander populations because this vaccine
demonstrated a marked immunogenic response
following the first dose (at 2 months of age) in
US Native American infants.  Papua New
Guinean infants also showed a good antibody
response following the first dose of PRP-
OMPC (62% had anti-PRP ≥1.0 µg/ml, GMT =
1.45 µg/ml).  Studies of other Hib conjugate
vaccines have shown that Hib polysaccharide
conjugated to tetanus toxoid (PRP-T) is
immunogenic at a young age after several
doses (30,31).  In The Gambia, after a second
dose of PRP-T, the GMT of anti-PRP was
similar at age 4 months to the GMT of anti-
PRP after a single dose of PRP-OMPC in PNG
(30).  In both the Philippines and The Gambia,
at age 5 months (one month after a third dose
of PRP-T) GMTs were higher and more
children had an anti-PRP titre greater than
1.0 µg/ml than after 2 doses of PRP-OMPC in
PNG (30,31).

A robust antibody response to a Hib
conjugate vaccine at one month of age is
attractive for PNG since Papua New Guinean
children are at high risk of invasive Hib disease
in early infancy and are routinely given other
childhood vaccines at one month of age.
Although the first vaccination with PRP-
OMPC was administered at 2 months of age in
our study, data from The Gambia suggest no
difference in response to PRP-OMPC if the
primary series of two doses is started at one
month rather than two months of age (26).

A booster of PRP-OMPC is recommended at
12-15 months (28,29).  This may be
logistically difficult in developing countries
since other routine vaccinations are generally
not scheduled at this age.  As suggested by
Mulholland et al. a booster dose of PRP-
OMPC vaccine could be given concurrently
with measles vaccine which is frequently
offered at 9 months of age (32).  But a booster
dose of PRP-OMPC might be of limited value
in PNG since more than 90% of invasive Hib
disease occurs in the first year of life, and
practically all invasive Hib disease occurs

before the age of 18 months.  The excellent
booster dose response at age 12 to 15 months
in our study also suggests that children would
probably respond to natural infection with a
vigorous rise in anti-PRP titre as a result of
immunologic priming during the primary
vaccination series.  However, other data argue
in favour of a booster dose administration.  In
the Protective Efficacy Trial for PRP-OMPC
conducted in US Navajo children, the one
vaccine failure occurred in a 15.5-month-old
child who developed osteomyelitis due to Hib
after receiving two doses of PRP-OMPC in the
first year of life and who had an antibody titre
of 0.14 µg/ml at one year of age (11).  A
booster dose given to toddlers might also assist
in eradicating Hib carriage in the upper
respiratory tract, thus inducing herd immunity
and protecting younger unvaccinated siblings.

Evaluation of another Hib conjugate vaccine
is currently underway in PNG.  The PNG
Department of Health will select a Hib
conjugate vaccine for inclusion in the routine
vaccination schedules based on such factors as
the kinetics of antibody responses, frequency
of side-effects, ease of incorporation into the
current vaccination program, the feasibility of
simultaneous administration of a Hib conjugate
with DTP, and cost.

In Australia there has been a dramatic
reduction in the incidence of invasive Hib
disease following the introduction of Hib
conjugate vaccines.  The overall Hib conjugate
vaccine efficacy in adequately vaccinated
children is in the order of 90%.  Some vaccine
failures have occurred in the general Australian
population and at a proportionally higher rate
in Aboriginal and Torres Strait Islander
children (16).  Whichever Hib conjugate
vaccine is selected for use in PNG, ongoing
surveillance, particularly for vaccine failures,
will be extremely important in monitoring the
effectiveness of a national vaccination
program.
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