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Introduction

Vaccination as a deliberate attempt to protect human
beings against disease has a long history and more

widespread use of vaccines could prevent 1.6 million
deaths a year, among children less than five years of
age. Over the next  few  years a new generation of
vaccines will become available that could save the lives
of up to 10 million individuals: e.g. vaccines against
diarrhoeal diseases, hepatitis C, malaria, acquired
immunodeficiency syndrome (AIDS), sexually
transmitted and other diseases [1]. Current development
efforts seek combination vaccines that protect against
multiple pathogens, in keeping with the ultimate goal of
combining all the antigens recommended for routine
immunization into a single multivalent product [2].

Combining multiple related or unrelated antigens into
a single vaccine is not a new concept and the first
combination vaccine licensed in United States of America
was trivalent influenza in 1945. Diphtheria, Pertussis,
Tetanus (DPT) vaccine although developed in 1943, was
not licensed till 1948.Efforts to overcome the
interference seen with simultaneous administration of
three live vaccines delayed the licensing of trivalent Oral
Polio Vaccine (OPV) till 1963. Measles, Mumps, Rubella
(MMR) was licensed in 1971and quadrivalent
meningococcal vaccine in 1978 [2].

Growth in the number of effective vaccines has posed
substantial economic and logistical difficulties. In 1990
the Children’s Vaccine Initiative (CVI) was launched at
the World Summit for Children in New York City.  The
CVI proposed that the ideal vaccine would provide all
indicated antigens in a single dose (preferably oral),

would be heat stable, effective when administered soon
after birth and affordable [3]. Combination vaccines [4],
offer the benefits of decreased number of injections,
decreased number of visits, decreased cost of
administration, increased compliance, ease of storage
and improved record keeping and tracking.

Challenges in the Development of Combination
Vaccines

The development of new vaccines brings new
challenges at the manufacturing, trial and administration
stages. Combining multiple antigens into one injection
requires demonstration that the combination will not
materially reduce the safety or immunogenecity of the
component vaccines. Combination vaccine trials should
be prospective, randomised, double blinded and should
have control (comparison) groups. Identifying the control
groups could be problematic when multicomponent
vaccine is evaluated. Other factors like sequence of
administration of certain  antigens may play an important
role in immunogenecity [4-6].

Immunological Interference

Immunologic interaction between components of a
combination vaccine can occur leading to immunological
interference and the three major mechanisms are:

a. Antigen Competition: The interaction can enhance
the immune response to individual components as
occurs in whole cell pertussis vaccine when
combined with diphtheria toxoid. Usually
combination of vaccines results in no effect or a
depression of immune response to one or more
vaccine component [7-8].
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b. Carrier Induced Epitope Expression: It is an
immunologic phenomenon relevant to combination
vaccines, antibody responses to hapten
polysaccharide vaccine (e.g. H influenzae b)
presented on a carrier protein (e.g. tetanus toxoid,
diphtheria toxoid) are inhibited by prior immunization
with the specific carrier [9-10].

c. Induction of Interferon : Combination live vaccines
can interfere immunologically with each other e.g.
one vaccine may stimulate interferon production that
may inhibit replication of another virus [4].

Chemical or physical interactions among the vaccine
components being combined can result in an alteration
of the immune response to vaccine [7]. The combination
of one antigen that is administered with adjuvant with
an antigen that is not administered with adjuvant, may
lead to displacement of the adjuvant and reduced
immunogenecity of the first vaccine. Also, the adjuvant
may combine with the second antigen and may alter the
response of second antigen as well. Similarly buffers,
stabilizers and similar components may interfere with
the components of the other vaccine. Such vaccines
cannot be mixed in the vial and separation of the two
vaccines in a dual-chambered syringe can circumvent
this problem. However with proper mixing procedures,
the uniformity and stability of various components of a
combination vaccine may not be an issue during its
production [11].

Ethical concern have to be taken into account because
vaccines administered routinely cannot be withheld in
order to study vaccine interactions [2].  Multiple vaccine
preparations against the same pathogen are also
available, which makes the studies more complex. For
example, there are three H influenza b (Hib) conjugate
vaccines, two hepatitis B vaccines and seven DPT
vaccines available for use in infancy and as many as 42
DTaP/Hib/HB combination vaccines have to be studied.

The other requirements are that the product should
be stable, each component of the combination vaccine
should be given at the same age, local and systemic
adverse effects should be minimal,  immune response
to each component should be satisfactory and the
requirement of booster for each component should be
similar.The combining of various antigens can be
performed in many ways [4]. At manufacturing site the
first approach is using multiple different antigens of an
organism that have been mixed together as a single
product to immunize against multiple serotypes (strains)
causing disease e.g. polio (3 strains), 23/7 valent
pneumococcal. The second  approach  brings together
antigen from pathogens causing different diseases e.g.
DPT. Vaccines can be mixed from separate vials at the

time of administration or different vaccines can be placed
in separate chambers of a multi chambered syringe.
Recent development of biodegradable microspheres,
represent a potential tool for the delivery of combination
vaccines. Childhood and malaria vaccines combined in
biodegradable microspheres produce immunity with
synergistic interactions. However, more studies and
research is required before this technique is
commercially available [12].

Traditional Combined Vaccines

Diphtheria, Pertussis, Tetanus (DPT), Measles,
Mumps, Rubella (MMR), Injectable Polio Vaccine (IPV)
and Oral Polio Vaccine (OPV) are in use successfully
for many years. In the last few years more antigens
have been added to these traditional vaccines.

1. DPT/IPV: Interest in combining DPT/IPV was
generated when enhanced potency IPV became
available thus eliminating the necessity of frozen
shipments for OPV. In addition administration of
IPV would eliminate the risk of vaccine-associated
polio. Antibody responses to pertussis and poliovirus
components may be substantially reduced in
combination than when given alone. However,
poliovirus seroconversion rates and absolute antibody
levels remained high in combined vaccines [13,14].

2. DPT/Conjugate (Hib) : Various studies have
compared DPT combinations with unconjugated
Polyribosyl phosphate (PRP) or conjugated PRP Hib
vaccine. The surveillance data provides evidence
that use of combined DPT/Conjugate Hib does not
reduce efficacy in comparison to DPT and conjugate
Hib given separately [8, 15].

3. DPT/Hepatitis B and DPT/Hepatitis B/Hib: A
number of studies have evaluated these combination
vaccines and results are variable. In general, the
groups with lower antibody responses still attained
levels considered protective. One study evaluated
the effect of booster dose of DPT/Hepatitis B/Hib
given to subjects who received DPT/Hepatitis B/
Hib for the primary series. The group had high
antibody response and mean levels were higher in
the group primed with DPT/Hepatitis B/Hib,
especially with PRP (Hib) [16-17].

4. MMR/Varicella: Initial studies on MMRV vaccine
produced showed low seroconversion rates for
varicella, but latest formulations show uniformly high
rates of seroconversion. Studies carried out after
one year of immunization compare favourably with
combined and separate vaccine groups. Adverse
reactions in all studies were same except that
morbilliform rash was more common in combined
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vaccine [18].

Combinations with DTaP (Acellular Pertussis)

1. DTaP/HB: This combination vaccine retains the
immunogenecity and safety profiles of the separate
components and delivers good antibody
concentrations at a variety of schedules.  A
comparison of combination vaccine at 2, 4, 6 months
versus the currently recommended schedules-HB
at birth, 1 & 6 months and DPT at 6, 10 & 14 weeks,
found similar or higher antibody responses for
combined vaccine for every component, which was
significantly lower [19]. However, the mean HB
antibody levels were high and 98% of subjects had
levels greater than 10mIU/mL, which are considered
protective.

2. DTaP/Hib: Studies conducted in United States and
Taiwan have evaluated a variety of DTaP/Hib
combinations and similar results obtained [20,21].
All combinations are highly immunogenic when used
to boost previously primed children. In primary
immunization, DTaP responses have been same but
response to Hib in combination vaccines has been
substantially lower than that obtained when it is given
separately. However, the immune response to a
booster dose of Hib conjugate vaccine indicated that
the primary dose has effectively stimulated the
immune response.  A study conducted in Germany
has shown that vaccine effectiveness of combination
vaccines against invasive Hib infection was 89.6%
(95% CI 67.0-96.7) for an incomplete primary
series, 96.7% (95% CI 87.7-99.1) for a full primary
series and 98.5% (95% CI 94.5-99.6) for a booster
dose irrespective of the fact whether the primary
immunization was done with a monovalent or a
combination vaccine [22].

3. DTaP/HB/ Hib: A  number of studies were conducted
evaluating DTaP/HB/PRP-T combination vaccine.
Infants given a combined DTaP/ HepB/PRP-T
vaccine experienced a significantly lower antibody
response to the PRP-T component than infants given
PRP-T vaccine as a separate injection. But after
the booster dose the antibody levels were
comparable and protective, signifying that the
combination vaccine had successfully primed the
immune system [20,21].

4. DTaP/HB /IPV and DTaP/HB/ Hib/IPV : Similar
findings were observed in a few studies and only
PRP response was lower in combination vaccine
as compared to separate vaccines but sufficient to
protect against the disease [23, 24]. The DPTa-
HBV-IPV/Hib (hexavalent) combined vaccine is

protective and produces adequate immunity when
administered at 3, 5 and 11 month of age and is a
good alternative to separate administration of
monovalent Hib vaccine  and the pentavalent DTaP-
HBV-IPV combination vaccine [25].

Combination with HB without DPT

1. HB/Hib : A study comparing combination vaccine
and separate vaccines given at 2, 4, 6 and booster
between 12 and 15 months of age has shown [26]
that antibody response to Hib, were 72% and 76%
at 6 months, increasing to 92% and 93% after
booster dose with combination and separate
vaccines respectively. Responses to HB component
were also comparable.

2. HB/Hepatitis A : In a US trial, a combination hepatitis
vaccine on a 0, 1, 6 month schedule or corresponding
monovalent vaccines  (Havrix, 1440 EL.U/ml of
hepatitis A antigen at 0, 6 months and Engerix-B, 20
mcg of hepatitis B surface antigen at 0, 1, 6 months)
were administered concurrently to 773 adults. The
results showed that both the schedules were safe
and the level of immunity produced was comparable
in the two groups [27]. However this combination
can be administered after one year of age in children
who have not been immunized earlier.

3. Hep A/Typhoid : New Hepatitis A/Typhoid combined
vaccine as well as traditional vaccine induced high
levels of protective antibodies [28], but the combined
vaccine has higher incidence of local reactions.

Besides DPT, OPV and MMR, DPT+HepB,
DPT+Hib, DPT+HepB+Hib and HepA+HepB are
available in India. Internationally instead of whole cell
pertussis antigen in DPT vaccine, combinations with
acellular pertussis (aP) and DTaP+HB+IPV and
DTaP+HB+ Hib+IPV are also available.

The cost of combination vaccines is higher than the
combined cost of the individual vaccines. The Indian
Academy of Paediatrics recommends that   combination
vaccines should replace individual vaccines wherever
feasible and the dosing schedule can be modified
accordingly e.g. the schedule of DPT can be changed
to 2, 4 and 6 months if a combination of DPT and Hib
has to be administered. All infants should receive the 1st

dose of Hep B vaccine soon after birth and before
hospital discharge (only monovalent vaccine to be used).
The 1st dose may be administered by age of 2 months if
mother is Hepatitis B negative. Here combination
vaccine (DPT+HepB+Hib) can be used. The second
dose of Hep B should be administered at least four weeks
after the first dose and third dose given at least 16 weeks
after the first dose. The recommended schedule of
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immunizations in the U.S.A is given in Table 1 [29].

Other combination vaccines for consideration
especially in the tropical countries include measles-
yellow fever, measles-Japanese encephalitis or pertussis-
based paediatric combination rabies vaccine. However,
the necessity and feasibility of these combinations has
to be considered [30].

To conclude, an ideal combination vaccine should
provide all antigens in single dose, preferably by the oral
route, should be heat stable, should be effective when
administered after birth and affordable for all families.
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