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Although vaccination is one of the most cost-effective
health care interventions, under-vaccination and variation in
coverage rates lower than policy targets is rising in developed
countries, partly due to concerns about vaccination value and
benefits. By merging various antigens into a single product,
combination vaccines represent a valuable tool to mitigate
the burden associated with the numerous injections needed
to protect against vaccine preventable infectious diseases
and increase coverage rate, possibly through various
behavioral mechanisms which have yet to be fully explored.
Beyond their cost-effectiveness in protecting against more
diseases with fewer injections, combination vaccines also
have several other benefits, for children, their parents/carers,
as well as for the health system and the population as a
whole. The objectives of this review are to identify and
illustrate the value of combination vaccines for childhood
immunization. Evidence was classified into 2 groups: benefits
for society and benefits for public health and healthcare
systems. This article also highlights the value of innovation
and challenges of combination vaccine development as well
as the need for an increased number of suppliers to mitigate
the impact of any potential vaccine shortage. Increasing
public confidence in vaccines and combination vaccines is
also critical to fully exploit their benefits.

Introduction

Vaccination is considered as one of the most cost-effective
public health measures available, very effectively reducing mor-
bidity and mortality associated with various infectious diseases,
especially in children."? Indeed, children’s vaccination against
serious diseases such as diphtheria, tetanus, pertussis, poliomyeli-
tis, hepatitis B (HepB) and invasive infections caused by Haemo-
philus influenzae type b (Hib) prevents 2 to 3 million deaths and
saves 750,000 children from disability each year worldwide.’
The implementation of successful vaccination programs has led
to an effective rise of immunization coverage in the past decades,
durably impacting the epidemiology of serious vaccine-prevent-
able diseases. Smallpox has been eradicated and poliomyelitis is
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on the verge of elimination.”” Tetanus, diphtheria and invasive
infections caused by Hib now have extremely low incidence in
developed countries.

The achievement of vaccination programs and the introduc-
tion of new vaccines in already established vaccine calendars
proves to be a real challenge.” Rates of vaccine refusal or delay
have been reported as increasing in developed countries, leading
to variation in vaccine coverage rates and occurrence of epidemic
outbreaks.® Multiple outbreaks of vaccine-preventable diseases
(e.g. measles, rubella, mumps) have occurred despite on-going
vaccination programs,” and failure to vaccinate is believed to
have contributed to the re-emergence of pertussis, including the
2012 epidemic in the U.S.® The current large, multi-state out-
break of measles occurring in the U.S., linked to an amusement
park in California'® is another striking example of the conse-
quence of under vaccination. Though, this outbreak was likely
initiated with someone infected abroad, the high efficacy profile
of MMRYV combination vaccines should have been able to limit
transmission of the disease had the population been adequately
vaccinated."'

Recent data show that immunization rates cannot be solely
improved by increasing the number of injections during one
visit.'? Indeed, the increased number of injections a child receives
per visit has raised concerns among health workers and parents.
The second most common reason given by parents for delaying
or rejecting vaccination is the refusal of too many shots to their
children (33.7% of parents with under-vaccinated children)."?
Vaccine delay or refusal creates missed opportunities for immuni-
zation."* This not only increases the individual risk of disease but
also increases the risk for the whole community. In 2010, 89%
of pertussis cases reported in California occurred among infants
younger than 6 months. These infants are too young to be ade-
quately immunized, and are largely dependent on the protection
of the community from infection.'” By grouping several antigens
into one injection, combination vaccines, represent an effective
way of increasing vaccination rates.'® With strong scientific evi-
dence suggesting a good safety profile and an efficacious protec-
tion against vaccine-preventable diseases, various combination
vaccines are currently available, and are featured in the majority
of developed countries’ vaccination schedules.'”*!

The first combination vaccine against diphtheria and tetanus
(DT) was introduced in 1949.** The first pediatric hexavalent
vaccine, Infanrix Hexa® (GlaxoSmithKline), a part-powdered
part-suspended vaccine, was first marketed in 2000, combining
diphtheria, tetanus, acellular pertussis, hepatitis B, poliomyelitis,
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and Haemophilus influenzae type B antigens.23 In 2013,
Hexyon® (Sanofi Pasteur MSD), a new fully liquid hexavalent
vaccine protecting against the same diseases was introduced.**
Clinical evidence on immunogenicity and safety of DTaP based
combination vaccines has been extensively reviewed and pub-
lished, confirming the good immunogenic and safety profile of
these vaccines.'®?!

Beyond clinical evidence on immunogenicity and safety that is
critical to implement any new vaccination program, more infor-
mation about the benefits of innovative vaccination tools such as
combination vaccines is needed to increase parents’ and health-
care professionals’ confidence in the vaccination programs and to
maintain their benefits to society. Therefore, the objectives of
this literature review are to highlight, and illustrate the value of
combination vaccines from the individual, societal, and health-
care system perspectives. In addition, the value of innovation and
challenges to deliver toward these goals will be addressed.

Results

A total of 1,151 articles were identified through the electronic
searches. Two duplicates were excluded. After a title and abstract
review, 1,100 articles were excluded based on the exclusion crite-
ria. The remaining 49 records were reviewed based on full-text,
of which 15 were excluded: 1 for being on efficacy, 1 for not con-
cerning DTaP-based vaccine, 1 for unavailability, 3 for not dis-
cussing benefits, and 9 for not being on combination vaccines,
leaving 34 articles meeting the inclusion criteria for benefits of
combination vaccines beyond cost-effectiveness. These 34 articles
included observational studies, policy papers, opinions, as well as
literature reviews. Thirty-nine articles were retrieved from the ad-
hoc literature search (gray literature), 11 from the targeted search,
and 8 were cross-referenced from the bibliographies of the first
34, yielding a total of 92 articles included in the review (Fig. 1).

Several key benefits were identified from the literature review
and classified into 2 categories: societal value and public health
and economic value (Table 1). The value of innovation and chal-
lenges in manufacturing combination vaccines were also

highlighted (Fig. 2).

Societal value of combination vaccines

Benefits for children

Improve compliance and timeliness of vaccination. In 1984,
vaccine recommendations for children by the World Health
Organization (WHO) consisted of only 6 standard antigens:
Bacillus Calmette-Guérin vaccine against tuberculosis (BCG), a
combination vaccine against diphtheria, tetanus and pertussis
(DTP), oral poliomyelitis vaccine (OPV) and measles. Today,
these recommendations include 5 more antigens: HepB, Hib,
pneumococcus, rotavirus, and rubella. With the increase of rec-
ommended vaccinations, children may receive as many as 5 injec-
tions at a single office visit. Although giving simultaneous
injections is considered safe and effective by pediatricians,® it
can be a cause for parental resistance and lack of compliance with
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Figure 1. Flow chart showing the selection process of studies included in
the review.
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the vaccination schedule. In a survey conducted in the US,
Madlon-Kay and Harper found that 59% of parents think that 3
injections for a child to receive at a single visit are excessive, and
that 67% of physicians cite the number of simultaneous injec-
. iy . C 26
tions as a decision factor for not offering HepB vaccination.”™ In
another study, Melman et al. showed that the percentage of chil-

Table 1. Summary of the benefits of combination vaccines

Benefits References
Societal
For children
Improve compliance and timeliness 1:25-32
Decrease potential local adverse events 334
Decrease pain and discomfort 3537
For parents
Better acceptance and willingness to pay 3437
Reduce time loss and productivity loss 36
For healthcare providers
Improve daily practice efficiency 4363841
29,42-44

Decrease risk of needle stick injuries and handling issues
Public health and economic

Alleviate vaccination calendars

Increase vaccination coverage rates

Decrease costs for the healthcare system

28,35,38,46-48
16,49,50
34,51-56
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Benefits of combined vaccines

SOCIETAL VALUE

FOR CHILDREN
* Combined vaccines improve compliance and timeliness of vaccination
leading to better protection against diseases.

 There are fewer potential local side effects due to fewer
injections.

* Using combined vaccines reduces pain and discomfort
for children due to fewer injections.

FOR PARENTS

* There is better acceptance from parents
illustrated by a high willingness to pay to
avoid extra injections.

* Combined vaccines could save time and
reduce loss of productivity by negating the
need to return for deferred injections.

Societal
Value

FOR HEALTHCARE PROVIDERS

* There is an improvement of daily practice
efficiency (e.g. reduced administrative tasks, time
saving, simplification of the supply/cold chain
storage).

* Combined vaccines may lead to increased safety
for healthcare staff due to a reduced risk of needle
stick injuries from fewer number of injections.

Combined Vaccines: from challenges to benefits

Several key benefits were identified and summarised into two categories: societal and public health and economic

Combined
Vaccines

PUBLIC HEALTH AND ECONOMIC VALUE

® Use of combined vaccines allows for the inclusion of new
antigens into the vaccine schedule without increasing the
number of injections.

* Combined vaccines improve vaccination coverage

which allows for better and wider protection of the
'\ population against infectious diseases and decreases of
: cost disease management and potential outbreaks

® Use of combined vaccines reduces costs borne
by health care systems by reducing the number of
visits needed.

VALUE OF INNOVATION

* Combined vaccines formulation is much more
complex than the simple mixing of several
antigens (i.e. physical compatibility, stability of
antigens).

Value of
Innovation

® (Clinical evidence demonstration is also more
challenging (i.e. potential interference of antigens).

® Manufacturing is a long and complex process requiring strict and
extensive quality control tests (i.e. consistency, reproducibility).

Figure 2. Graphical summary of the benefits of combination vaccines.

dren receiving all recommended vaccinations during the same
visit declines from 99.5% for 2 injections to 88.9% for 5 injec-
tions, indicating a slight but significant decrease in compliance
(x> = 9.96, p < 0.01).*” Children are more likely to receive all
the recommended vaccinations when there are 2 or fewer injec-
tions at a single visit. Compliance can therefore be improved
with combination vaccines. Several public health authorities such
as the Robert Koch Institute in Germany®® and the Public Health
Agency of Canada® recommend the use of combination vaccines
to reinforce compliance.

Use of combination vaccines can also enhance vaccination
timeliness, i.e. the proportion of children vaccinated on time.
Kalies et al. conducted representative nationwide telephone
interviews to evaluate the impact of combination vaccines on
vaccination timing of 2,701 children born from 1996
through 2003 in Germany.’® Only 13.3% of children born

in the era of predominantly monovalent vaccines completed a
full Hib vaccine series at the recommended age of 12
months, compared with 17.8% for children born during the
predominantly 4-valent era, 27.7% in the predominantly 5-
valent era, and 39.1% in the predominantly 6-valent era, rep-
resenting a threefold increase in children being vaccinated on
time (Table 2). Timeliness was improved not only for Hib,
but also for polio and HepB.

Combination vaccines can therefore not only improve the
timely delivery of vaccines included in the combination itself,
but also of other vaccines outside of it. In a retrospective cohort
study conducted in the US, Happe et al. found that the on-time
delivery of the Hib vaccine was improved for children who
received the DTaP-HepB-IPV vaccine (49.3%) compared to
children who did not receive any dose of combination vaccine
(42.6%), even though the Hib vaccine was not included in the

Table 2. Proportion of on-time vaccinations for children born between 1996 and 2003 in Germany by vaccine type era (Adapted from Kalies et al., 2006>°)

On time vaccination (% of children)* for

Hib Polio HepB
Monovalent vaccine 13.3% (8.4-20.8) 8.3% (4.6-14.9) 15.8% (10.4-23.7)
Tetravalent vaccine DTaP-Hib 17.8% (14.4-21.9) 10.4% (7.4-14.4) 24.0% (20.2-28.5)
Pentavalent vaccine DTaP-IPV-Hib 27.7% (25.1-30.6) 14.5% (12.2-17.2) 16.2% (14.1-18.6)
Hexavalent vaccine DTaP-IPV-Hib-HepB 39.1% (35.7-42.7) 29.7% (27.3-32.3) 30.5% (27.3-33.9)

*Cl 95%
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combination vaccine (Table 3).%! Interestingly, combination vac-
cines may also help to hasten bringing up-to-date children who
are behind schedule.”” In this sense, the combination of antigens
produces a “no-delay” or even “back-on-track” effect which itself
is a positive externality.

By reducing the number of injections, combination vac-
cines may decrease the risk of injection site reactions, one of
the potential drawbacks of vaccines.”® In an American study
conducted by Lieu et al., 73% of children from 1 to 8 months
old experienced one or more adverse events following vaccina-
tion with either DTaP + Hib, or DTwP/Hib combination
vaccine.>® Fussiness was the most common adverse event
(46%), followed by injection site pain (35%), fever (31%),
and injection site swelling (27%).

Between the ages of 2 and 6 months, 9 injections and up to 6
visits should be required to vaccinate against diphtheria, tetanus,
pertussis, HepB, Hib, polio, and pneumococcal infections with a
pentavalent DTaP-Hib-IPV vaccine. The number of required
visits drops to 3 and the number of injections to 6 with
a hexavalent vaccine, leading to a potential decrease in risk of
local reaction and possible adverse events.

The reduction of required visits by using combination vac-
cines has a positive impact on the child’s stress level. Wiese-
Posselt et al. revealed that fewer physician visits lead to less
stress for the child in Germany.”> Reducing the number of
injections and visits may also lead to a reduction in child cry-
ing time. Pellissier et al. showed that infant crying duration
following injections in the examination room and the injection
room settings ranged from 0.18 to 8.12 minutes and that child
crying time decreased significantly by 0.4 minutes per shot
eliminated in the injection room and 1.0 minute per shot
eliminated in the examination room.>®

The annual economic value of pain and emotional distress
caused by infant vaccination injections, assuming a median cost
per injection of $8.14 and a minimum of 10 injections at clinic
visits, was estimated at $317 million for a US cohort of 3.9 mil-
lion children from 1.5 to 7 months of age.”” A decrease in num-
ber of injections could therefore decrease the cost burden of
injection-related pain.

Benefits for parents
As stated above, vaccination may lead to pain and emo-
tional distress for children. Lieu et al. investigated the

intangible costs of pain and emotional distress using a will-
ingness to pay method and found that US parents are willing
to pay up to $50 to reduce by one the number of simulta-
neous injections needed to vaccinate their children.®* These
conclusions were confirmed by a study conducted by Meyerh-
off et al., where 26 geographically dispersed US outpatient
centers were consulted from September to December 1999.%7
The researchers found a high willingness from parents to pay
to avoid extra injections, illustrating potential better accep-
tance of combination vaccines. The average value of avoiding
all injections ranged from $57 for a 2 injection visit to nearly
$80 for 3 and 4 injection visits.

Combination vaccines can reduce time spent by parents at
the healthcare practice and may even reduce indirect costs
associated with parental work loss. Patient’s visit time
increases significantly with each additional injection.®® Fewer
injections mean less time spent by children and their parents
at their physician, and with fewer planned visits, parents will
then be able to avoid missing work leading to a reduction of
productivity loss.

Benefits for healthcare providers

Using combination vaccines could improve daily practice
efficiency by reducing inventories, and potential administra-
tion errors,”® while contributing to a higher quality of care.
Indeed, healthcare providers perform several duties in the
context of vaccination, such as scheduling appointments,
managing vaccine paperwork, preparing and administering
the injection, as well as completing shot records. Use of com-
bination vaccines may simplify record-keeping and reduce
inventory management and charting time.*?”**" Fewer entries
in medical records and databases correlate with a gain of
time, efficiency and even a decrease in the number of inaccu-
racies in vaccination records.

By decreasing the number of injections, combination vac-
cines can also reduce the duration of the vaccination act
itself. The time to perform each of the vaccine-related ele-
ments (preparation, injection, administration, and other vac-
cine-related time) is directly linked to the number of
injections. Pellissier et al. observed 276 vaccination visits in a
time-motion study of 4,000 children. The researchers found
that the total nurse time associated with vaccine administra-
tion decreased by at least 1.7 minutes in the injection room

Table 3. Percentage of children vaccinated on time and cumulative days of delay (Adapted from Happe et al., 2009")

Children vaccinated on time (%)

Delay in vaccination (cumulative days)

Vaccine series DTaP/HepB/IPV' Reference' DTaP/HepB/IPV! Reference!
4DTaP 52.90% 48.70% 59.1 114.6
3DTaP 66.30% 60.80% 29.5 704

Hib 49.30% 42.60% n/a n/a
fcohort of children who received at least 3 doses of DTaP/HepB/IPV

*cohort of children who received at least 3 doses of DTaP and no dose of DTaP/HepB/IPV

n/a: not available
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Figure 3. Cost of adding a dose of monovalent Hib to an immunisation
program (Adapted from Barnighausen et al., 20118).

and by 2.4 minutes in the examination room setting per
injection eliminated®® and thus, significant time savings were
realized for activities associated with vaccine preparation, vac-
cine injection, and administrative duties.

The WHO estimated in 2004 that healthcare workers
incur 2 million needle stick injuries per year, including inju-
ries due to vaccine injection.”> This was probably an underes-
injuries have been found to be largely
underreported.*> Mullany et al. identified needle stick injuries
and blood exposures represent an average cost of $500 to
$3,000 per injury sustained*® while identifying combination
vaccines as an important factor in the reduction of needle
stick injuries.** With the cohort of infants born each year in

the USA totaling more than 4 million, eliminating 6 injec-

timation as

tions per infant correlates to 24 million fewer injections
administered, and therefore 24 million fewer chances for nee-
dle stick injuries.44

The risk of administrative error is also decreased when prepar-

ing and administering fewer vaccines”™ and the Public Health

Agency for Canada even stated that errors during vaccine mixing

. . . . . 2
were eliminated with combination vaccines.?’

Public health and economic value

Current vaccination programs in developed countries require
more than a dozen immunization injections from birth to the age
of 6.%“* This ever-growing complexity poses logistical chal-
lenges for healthcare providers and parents. The introduction of
combination vaccines allowed several countries, such as Germany
and Spain, to simplify existing vaccination programs and
improve compliance with the vaccination schedule.*®?>

Use of combination vaccines can also help to include new
antigens in vaccination schedules without increasing the num-
ber of injections, thus decreasing parental refusal and increas-
ing timeliness. Furthermore, adding a new antigen to a
combination vaccine costs less than providing it as a monova-
lent vaccine. In a literature review of cost-benefit analyses of
childhood vaccination against Hib, Bérnighausen et al. esti-
mated that the cost of adding a dose of Hib vaccine to a vac-
cination program as part of the pentavalent formulation
(DTP-HepB-Hib) would be $2.80, as part of the tetravalent
formulation (DTP-Hib) would be $3.10, and as a monova-
lent vaccine would be $3.40 (Fig. 3).48 By reducing the num-
ber of injections and the cost of vaccination, combination
vaccines could become an important argument for the intro-
duction of new vaccines in a vaccination program.

Vaccination coverage is an important performance measure of
an immunization program and even of the healthcare system.
Increasing vaccination coverage means that the population will
be more widely protected and less likely to be at risk of develop-
ing a vaccine-preventable disease. A number of studies have
reported that the use of combination vaccines was associated
with an improvement of coverage. DTP vaccination coverage has
increased by 8% in the French community of Belgium since the
introduction of tetravalent DTP-Hib vaccine®’; and pertussis,
MMR and Hib coverage have increased from 50% to 88% in
Ttaly with the use of combination vaccines.”® In a retrospective
study conducted in the U.S., Marshall et al. found that coverage
rates for DTaP and IPV were higher in children having received
combination
vaccines than children who did not receive any dose of combina-

tion vaccine (77.6% vs. 72.7% (4DTaP), 98.1% vs. 94.9%

Table 4. Coverage rates for children at 24 months of age with their associated odd ratios (Adapted from Marshall et al, 2007'%)

Unadjusted coverage rate (%)

Vaccine series Combination' Reference! 0Odds ratio Combination vs. Reference
4DTaP 77.60% 72.70% 1.26 (1.15-1.38)
3DTaP 98.10% 94.90% 2.56 (2.08-3.15)
IPV 85.40% 79.60% 145 (1.31-1.61)

fcohort of children who received at least 1 dose of HepB/Hib or DTaP/HepB/IPV

fcohort of children having received no dose of HepB/Hib or DTaP/HepB/IPV
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(3DTaP) and 85.4% vs. 79.6% (IPV) respectively) (Table 4).10
Use of combination vaccines can therefore contribute to reaching
public health targets fixed by governments or public agencies.

Better vaccination coverage benefits society as well as the
healthcare system, as it decreases the cost associated with non-
vaccination. Non-vaccination, delay in vaccination, and poor
compliance with vaccine schedules can all lead to outbreaks,
which represent a health risk for the population and a costly and
time-consuming event for healthcare departments and society.
Several studies have assessed the economic burden of vaccine-pre-
ventable discase outbreaks such as pertussis and measles.”'>* In
2000, a hospital outbreak of 91 pertussis cases occurred in
France, representing a total cost of €46,661 and a productivity
loss for healthcare workers of 42%.>" The total cost, linked to
investigation, meeting with parents and media, recommendation
development, and travel, associated with a school-based outbreak
of 26 pertussis cases in the US in 2008, was estimated at $52,131
with 1,032 person-hours being spent responding to the out-
break.”® This equals an average of $2,172 per case, corresponding
to almost 1% of the county health departments’ annual budget.”

In 1996, Lieu et al. estimated the cost of vaccination in the
US to be $5 for each injection.®* This cost increased to $15 each
time a parent refused an injection: $3 per injection/clinic visit
and $12 for the time off work lost by the parent. Thus, combina-
tion vaccines may also impact vaccination costs by reducing
parental refusal due to multiple injections.

Finally, use of combination vaccines reduces direct costs to
parents and the healthcare system by reducing the number of vac-
cination visits required, and thus the expenses of additional visits
to pediatricians. They also contribute to improve productivity by
ensuring that more vaccinations can be done in fewer visits,
negating the need to return on another day for parents and allevi-
ating pediatricians’ schedules.”®

Value of innovation: The challenges of developing
combination vaccines.

History has shown the innovative progression of DTaP-based
vaccines from the first bivalent vaccine against diphtheria and tet-
anus introduced in 1949, to the latest development of the
recent fully liquid hexavalent vaccine introduced in 2013. The
development of vaccines over time has seen progression in inno-
vative thinking, from the addition of a pertussis vaccine, to the
later replacement of the whole-cell pertussis vaccine with an acel-
lular pertussis version, resulting in fewer adverse reactions.”” This
in itself was an achievement as it enabled protection against the
same disease with fewer safety issues. It also served as a basis for
developing subsequent DTaP vaccines, thus marking a notable
step in industry innovation. Several generations of DTaP-based
polyvalent vaccines have been developed, from the tetravalent
DTaP and inactivated polio virus vaccines (DTaP-IPV, brand
names Tetravac® (Sanofi Pasteur MSD) and Infanrix Tetra®
(GlaxoSmithKline)) and the pentavalent DTaP-IPV-Hib vac-
cines (brand names Pentavac® (Sanofi Pasteur MSD) and Infan-
rix Quinta® (GlaxoSmithKline)), to the latest advances in
DTaP-based combined vaccines: the hexavalent Infanrix Hexa®
(GlaxoSmithKline) and Hexyon® (Sanofi Pasteur MSD), which
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combine diphtheria, tetanus, acellular pertussis, hepatitis B, Hib,
and inactivated poliovirus vaccines.””

Combination vaccines are today an essential tool in public
health, leading to several key benefits for society and the health-
care system as described above. However, a variety of challenges
must be addressed while developing and producing safe and
effective combination vaccines before these substantial benefits
can be realized.

The development, and in particular the formulation, of a
combination vaccine is a challenging process. Each antigen has to
be compatible with other antigens included in the vaccine in
order to be as immunogenic in combination as it would be alone.
This physical compatibility is highly dependent on each antigen
and on the types of adjuvants, buffers, preservatives, pH, and
tonicity of the formulation.”® For example, the importance of
the choice of adjuvant was demonstrated during the development
of a combination DTP-HepB vaccine. Five different experimen-
tal formulations, differing in adjuvants and adsorption processes,
were individually tested before one resolved the issue of subopti-
mal immunogenicity of the hepatitis B component.”® Innovative
strategies were created to avoid such compatibility issues.” Simi-
larly, there could be interactions with other vaccine components
such as buffers, stabilizers and preservatives. For instance, adju-
vants in a combination vaccine could reduce the activity of one
antigen and excessively increase the reactivity of another antigen.
Thus, licensed combination vaccines must undergo extensive
testing before approval by national regulatory authorities to
assure that the products are safe, effective, and of acceptable
quality.®®

Another challenge is the demonstration of equivalent efficacy
between the combination vaccine and each monovalent vaccine.
Indeed, there have been examples where unexpected decreases in
immune responses have been observed when antigens were
combined. One issue is that potency tests, routinely used for the
development of monovalent vaccines, are not always adequate to
predict the occurrence of immune interference of combination
vaccines.®! Potency tests may lose their power to predict the effi-
cacy of a vaccine when applied to combination vaccines, even
when a correlation is already established. Therefore, potency tests
must be adapted or even created for each new combination vac-
cine, leading to long and complex manufacturing processes, that
require strict and extensive quality control tests throughout the
product cycle.*?

The biological nature of vaccines also means that each produc-
tion cycle corresponds to the manufacturing of a new vaccine
which represents potential risks for failure at any time during the
process. For example, the production of a hexavalent batch is a
complex and long-term process that was estimated to take more
than 10 months, from the start of the formulation to the final
product. The preparation of one batch requires 3 d to purify one
antigen, 18 production steps including mixing, stirring, pH
adjustments, and 400 quality control tests.®> With the addition
of each antigen, more lots require repeat testing, leading to very
long testing processes. Van Hoof estimated, using a model that
assumes 5% test failure for each antigen, that only 5% of all lots
would require repeat testing for a monovalent vaccine, whereas
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26% would need retesting for an hexavalent and 40% for a deca-
valent vaccine.”®

In conclusion, the development, evaluation, and licensure of
combination vaccines are complex processes and each addition of
an antigen to a combination implies more expensive and complex
testing. Thus, only a few vaccine manufacturers have invested in
the development of these highly innovative and technical

products.

Discussion

Several benefits illustrating the value of combination vaccines
for the society, healthcare system and public health were identi-
fied through this extended literature review. By delivering more
antigens in fewer injections, combination vaccines can provide
better coverage and timeliness of vaccination, improve the effi-
ciency of healthcare practice and reduce costs for the healthcare
system.

A number of limitations should be considered when interpret-
ing these results. First, the majority of peer-reviewed articles were
from the U.S., whereas the ad hoc search mostly focused on
European countries, creating a geographic clustering. As a conse-
quence, it may be difficult to draw a clear-cut conclusion for all
developed countries. Second, the proof of combination vaccines’
benefits was mostly indirect. Indeed, several articles discussed
benefits of combination vaccines without supporting evidence or
referenced evidence from other studies. Other studies reported
the impact of the number of injections and not of combination
vaccines themselves. Finally, the reviewed studies only focused
on developed countries, but the benefits of combination vaccines
could be even greater in developing countries where improving
the current immunization coverage is a major challenge, and dis-
tances to reach qualified healthcare providers are typically
greater.®*

Furthermore, this review focused on the benefits of combina-
tion vaccines but they may also have some drawbacks that have
been discussed elsewhere.®> One important concern is that com-
bination vaccines, as any biological product, are sensitive to
shortages. Indeed, their long and complex manufacturing process
may pose a risk of vaccine shortages in case of production failure
that could lead to delay of certain vaccinations and an increased
risk for vaccine-preventable disease. As a consequence, there is a
need for an increased number of suppliers to mitigate the impact
of any potential vaccine shortage in case one manufacturer has
supply issues. Another concern is the potential to create a situa-
tion previously called “combination chaos.”®® As the number of
new combination vaccines increases, leading to a choice of differ-
ent products with potentially overlapping or non-compatible
antigens, monovalent vaccines will be produced less. As a conse-
quence, immunization providers might not have vaccines avail-
able that contain only those antigens indicated for a child’s
immunization history®” or may have to stock every possible com-
binations vaccine that best meet their patients’ needs while pre-
serving insofar as possible the ability to interchange antigens.

2138

Human Vaccines & Immunotherapeutics

Finally, the complexity of these vaccines and their increased
use can also be a cause of concern and misconceptions exist
regarding the safety and efficacy of combination vaccines. Indeed,
although combination vaccines are composed of individual com-
ponents that have been extensively tested through clinical trials
and real life observational studies, the combination of these com-
ponents may be the source of effectiveness or safety concerns,
from unexpected interactions between adjuvants or preservatives,
to differing levels of immunogenicity.®® This is why licensed
combination vaccines undergo extensive testing before approval
by international and national regulatory authorities whose stand-
ards are extremely rigorous and require that combination vac-
cines be as safe and effective as each component of the vaccine
administered separately. Moreover, combination vaccines have
been available for more than 50 y and lessons learned during this
time are continuously applied to the development and use of new
products.>*>%

Combination vaccines may also have financial drawbacks for
physician practices. In some countries, physicians receive a sepa-
rate fee for each injection administered to cover vaccine prepara-
tion, injection, and documentation. When a combination
vaccine replaces 2 or more injections with a single injection,
physicians may lose income from vaccine administration fees.
However, in an evaluation of the economic impact of combina-
tion vaccines use on health care providers, less than 1% of pedia-
tricians reported a significant decrease in revenue. The numerous
other benefits seem to outweigh this concern, from improving
the day to day efficiency of the practice through reduced stock,
decreased workload, to simplification of administrative tasks
which can also reduce office vaccination costs.”® Research has
suggested that spending less time with the healthcare professional
during the vaccination visit may not be favorable to parents and
could be a factor in mothers refusing to have their children vacci-
nated, but importantly, not the only one.”! Non-vaccinating
mothers “had a pediatric provider who did not know the answers
to their questions about vaccine controversies, or who treated
them condescendingly” in addition to the lack of time. Reasons
for mothers vaccinating their children included the pediatric pro-
vider “discussing the subject of vaccines in a passionate manner,
having a large amount of scientific information. ...””" Since use
of combination vaccines is associated with saving time during the
visit, it is important to ensure that the time gain can be used to
address parental questions or concerns and give them the appro-
priate level of information.

Thus, with the rise of concerns over vaccines’ safety and bene-
fits in developed countries, healthcare organizations and profes-
sionals, as well as parents must understand the real value of
combination vaccines.

Although routine use of vaccines saves millions of lives annu-
ally,”* several studies highlighted the failure to recognize the real
value of vaccines and combination vaccines, from an economic
point of view.”?>74 This failure resides in the traditional methods
of calculation that focus on the lower cumulative costs of treat-
ment, hospitalization, or time off work, caused by the prevented
disease, while ignoring the intangible benefits of vaccination such
as the impact of combination vaccines on healthcare system
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efficiency with reduced costs of transport, storage, wastage. Thus,
more studies are needed to estimate the real economic value of
combination vaccines.

Healthcare organizations also have an important role in
encouraging the use of combination vaccines and investment
in their development in order to improve population protec-
tion and reduce the risk of infectious diseases outbreaks. A
number of incentives to promote new vaccines development
have been identified by several studies, such as programs to
provide direct funding for research, tax breaks for investment
in research and development, special application of the
orphan drug law, public-private partnerships, and commit-
ment of higher budgets to vaccines (i.e., prevention) than
toward treatments (i.e. cure).”>”% Such incentives could have
a direct impact on the development and use of combination
vaccines, thus on coverage rates, and societal protection
against vaccine-preventable diseases. This was seen with the
inclusion of hexavalent vaccines in the reimbursement list in
France in 2008 that led to a wider use of hexavalent vaccines
and increased coverage against Hepatitis B in children (25%
for children born in 2006 to 41% born in 2008”°). Combi-
nation vaccines are thus important tools to promote vaccina-
tion campaigns and to increase acceptance of vaccination
programs, thereby facilitating vaccination coverage in the
population. Support from health authorities and governments
as well as recognition and communication of their full value
are therefore crucial to promote investment and innovation
in this sector and ensure access and acceptability by the
population.

Methods

A search of the literature aimed to identify benefits of combi-
nation vaccines from the public health, and economic perspec-
tives. A search strategy was run in MEDLINE® using specific
terms related to combination vaccines and cost, productivity,
development, complexity, formulation, coverage, public health,
economics, children immunizations and benefits in order to cap-
ture articles, published from January 1990 to 2013, focusing on
the development and the benefits of childhood combination vac-
cines in developed countries. The inclusion criteria were as
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