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Abstract

Vaccines are a key contributor to public health, especially in developing countries. Despite numerous demonstrations of the cost-effectivenes
of immunisation, vaccines spending accounted for only 1.7% of the total pharmaceutical market in 2002, when UNICEF estimated that 34
million children were not reached by routine immunisation, most of them in developing countries.

Several international organizations or initiatives, like the Global Alliance for Vaccines and Immunisation (GAVI), have defined a long-term
goal of universal immunisation in developing countries. There is an urgent need to estimate the financial resources required to meet this goa

The objective of this study was to anticipate the funding needs for childhood immunisation in developing countries over the 2004—2014
period. The study scope includes all the 75 countries eligible for support from GAVI, and covers existing vaccines that are considered as
a priority for GAVI (DTP (diphtheria, tetanus, pertussis), hepatititHaemophilus influenzagype b (as a stand alone presentation or in
combination with DTP) and yellow fever) as well as future vaccines (meningitis A and C, rotavirus, human papilloma virus (HPV), malaria,
Streptococcus pneumoniaad tuberculosis) likely to be available within the 10-year period.

We developed a methodology to estimate the number of doses required, based on disease prevalence and incidence, target populatio
introduction dates of new vaccines, coverage dynamics and dosing regimen. The introduction price and price evolution of vaccines over time
were modelled, taking into account the type of vaccine, the expected return on investment from vaccine manufacturers and the competitiv
landscape. Non-vaccine costs (capital costs and non-vaccine recurrent costs) were estimated based on the number of people immunised
number of doses dispensed, using available case studies as a reference.

According to the optimal scenario that would consider the provision of all vaccines to all relevant developing countries as soon as they are
available, funding requirements to cover the associated total costs over the 10-year period were estimated to be about US$ 30 billion.

Vaccines-related costs represent the largest share, with estimated costs of US$ 21 billion (among which 18 billion for new vaccines), the
remaining needs being split between capital costs and other recurrent costs.

Accounting for the main imponderables (such as delay in vaccines launch compared to industry plans) as well as probable phasing of vaccir
introduction in countries, the total costs of immunisation would be reduced to US$ 14-17 billion over the same period. Vaccines-related cost:
represent the largest share (US$ 7.1-9.3 billion, among which 4.3-6.5 billion for new vaccines).

This study advocates for the anticipation of the substantial financial resources needed to (a) purchase and introduce these vaccines in t
developing countries in order to reduce the time lag between availability in industrialised and developing countries; and (b) stimulate vaccine
researchers and manufacturers to continue research and development of much needed vaccines for the developing world.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction However, to be in a position to meet this goal, they will
have to anticipate the financial resources required.
Immunisation has been shown to be one of the most The objective of this study was to estimate the funding
cost-effective contributors to public health improvement, needs for childhood immunisation in developing countries
especially for children in developing countries. This can be over the 10-year period 2004-2014.
exemplified by the Global Polio Eradication Initiative. This The study scope includes all the 75 countries eligible for
program, lasting from 1998 to 2005, should protect an esti- support from GAVI.
mated 5 million children against paraly$§i§. In 2002 alone, The study covers existing vaccines viewed by GAVI as
the death of 35,000 children has been prevented. An assessa priority, namely diphtheria, tetanus, pertussis, hepatitis B,
ment of the cost/benefit of polio eradication concluded that Hib (as a stand alone presentation or in combination with
vaccination will pay for itself in the long-term, with financial DTP) and yellow fever. Six future vaccines, to be intro-
savings estimated to be twice as high as the vaccination costsluced in the developing world within the 2004—-2014 time-
[2]. Another study has shown that at least an 80% reduction inframe, have also been analysed. These vaccines are targeted
measles-associated deaths has been obtained through vacagainst meningitis A and C, rotavirus, human papilloma

nation[3]. Vaccination againddaemophilus influenzagpe virus, malaria,S. pneumonia@nd tuberculosis. The study
b (Hib) can lead to a 10-fold decrease of the annual incidenceoutcome will be the identification of the funding needs for
of Hib meningitis in children below 1 yed4]. immunisation of children below 13 years over the 2004—-2014

Despite the effectiveness of vaccination, the spending on period, in the GAVI-eligible countries.
vaccines is small, since it represented 1.7% of the total phar-
maceutical markets in monetary terms in 2002.
According to the Global Alliance for Vaccines and Immu- 2. Methods
nisation, administration of all existing vaccines to all chil-
dren in developing countries would save 3.0 million chil- Seven variable parameters and seven constant parameters
dren’s lives every year. UNICEF estimates that each year, have been considered to forecast the funding needs associated
34 million children are not reached by routine immunisa- with the optimal fulfilment of immunisation against diseases
tion, most of them in the Sub-Saharan Africa and South Asia included in the scope of the study.
regions, among the poorestin the world. Several international
initiatives such as EPI (Expanded Programme on Immuni- 2 1. Variable parameters
sation) have been created to support better immunisation

programmes in middle- and low-income countries. GAVI 1. Geography: The GAVI-eligible countries selected for
through its network of partners, which includes Govern-  each disease analysis were based on incidence and preva-
ments, WHO, UNICEF, the World Bank, the Bill & Melinda lence as determined by international organisations such as
Gates Foundation, Research Institutes, NGOs and the vac- the WHO, the U.S. CD@,Institut Pasteur and the GAVI
cine manufacturers, is becoming the leading entity supporting  [5],

developing countries to improve and expand their immuni- 2. Target population:Surviving infants below one year of
sation efforts with technical assistance and financial support. age were considered for all the diseases analysed except
Through its financial arm, the Vaccine Fund, GAVI has been  {or HPV and malarig6,7]. For HPV, the target popula-
quite active over the past 4 years supporting all countries with  tjon was defined as females between 10 and 12 years. For
an annual gross national income (GNI) of less than US$ 1000 malaria, surviving infants and 1-4 years old disease-free
per capita that submit acceptable applications for support.  children were considerd8,9].

GAVl also provides some supportto China, Indiaand Indone- 3. vaccines launch date€xpected launch dates for new
sia (although their GNI is above the established threshold of vaccines were provided by vaccine manufacturers, while
US$ 1000 per capita). GAVI through the Vaccine Fund pro-  expected availability to GAVI was estimated through
vides grants to support national efforts to improve the quality  jnterviews with international organisations. The current
and coverage of national immunisation programmes. GAVI  time lag between availability of a new vaccine in the
also provides Hib, HepB and yellow fever vaccinesto eligible  \western World and in developing countries is at best 4-5
countries to allow them to expand the range of diseases that years. However, there is now hope for a reduction of this
they are protecting their children from. The Pan American  delay through better collaboration among all stakehold-
Health Organlzatlon (PAHO) is another international organi- ers. Better demand forecasting and Suppiy pianning of
sation dedicated to improving the health and living standards  the quantities required, an earlier building of manufac-
of the people of the Americas. In the arez::l Of-VaCCin-aFion, it turing Capacity and a more efficient negotiating process
mainly focuses on procurement and vaccination policies. have been observed over the recent years. This paradigm

These organisations have a long-term immunisation goal  shift can be exemplified by meningococcal meningitis and
of expanding the use of existing vaccines which are currently

underused, and of reducing delay in the introduction of new
vaccines in developing countries. 1 Centres for Disease Control & Prevention.
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Comments

+ Two models can be derived from DTP3 coverage rate
dynamics after first introduction in Africa and Asia:
— Alinear uptake for the first ten years
— A logarithmic model, showing the long-term trend

towards a plateau

+ The linear model seems to better suit coverage rate
dynamics over the first ten years after vaccine
introduction (R?=0.9861)

* The linear model has therefore been retained to
forecast uptake rates for future vaccines to be
introduced over the period 2004-2014

—————

« Uptake rates considered for modelling are as follows":

Years from vaccine launch / Uptake rates
1 2 |3 |4 | 5|6 |7 |88
3% | 9% |14% | 19% 30% 41% | 47%

10
52%

25% 36%

* For all future vaccines except meningitis. Meningitis uptake rate
is assumed to be 50% faster than DTP3 reference because the
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Fig. 1. Modelling of coverage rate dynamics for future vaccines (2004—2014), after WHO and UNICEF estimates for DTP3 coverage over time.

rotavirus vaccines, the two vaccines within the study scope

closest to being introduced in the market:

a. Conjugated meningococcal meningitis vaccine is
being developed specifically for “meningitis belt”
countries, in close collaboration between the WHO
and the vaccine industry.

b. Rotavirus vaccine is supported by an Accelerated 5.
Development and Introduction Plan (ADIP) of GAVI,
whose mandate is to accelerate the introduction of
a rotavirus vaccine in developing countries, together
with the early building of manufacturing capacities. 6.
As a result, these vaccines should have a reduced

introduction time lag (1 year for meningitis and 2 years

for rotavirus) in GAVI-supported countries. The expe-

rience gained through efforts to accelerate the avail-
ability and the use of these vaccines in developing
countries is important not only for the introduction of

these products, but also for the introduction of future
vaccines.

Coverage dynamics-or existing vaccines, the current

coverage was taken into account and the target cover-

age retained for the modelling was based on the goal
as expressed by GAVI and the concerned countries. The
uptake rates for future vaccines have been derived from the

DTP3 coverage rates in Africa and Asia, over the first 10

Table 1
Dosing regimen of existing and future vaccines

years of commercialisatiof{g. 1). However, for menin-

gitis, the uptake rate is assumed to be 50% faster than the

DTP3 model, due to the well-documented recognition of

the severity of the disease by families in the region and

their very positive experiences with the polysaccharide
vaccines.

Dosing regimenkor primary immunisation, two or three

doses were considered, while booster doses and time-

lines were modulated depending on vaccine characteris-

tics (Table J).

Price of vaccinesintroduction price for future vaccines

and modelling of price evolution over time for existing and

future vaccines were estimated after interviews with vac-
cine manufacturers and funding organisations. The impact
of vaccine type, the expected return on investment and the
competitive landscape have been considered to estimate
prices of vaccines:

a. Combined vaccines are usually more expensive to pur-
chase than monovalent ones. For modelling purposes,
combinations were only considered for existing vac-
cines, and marginal prices were applied to future vac-
cines, assuming they would not be combined.

b. The expected return on investment and profitabil-
ity level from the industry have been maintained
as of today. However, the increased complexity and

DTP/HepB/HiE* Yellow fever MenA/C Rotavirus Malaria HPV S. pneumoniae Tuberculosis
Age target Infants Infants Infants Infants Infants, children Females 10-12 years Infants Infants
1-4 years
Number of doses 3 1 3 2 3 3 3 3
Boosters - - - - 2 - - 1
Timing boosters  — - - - +5 years - - +10 years

a Single antigen or combinations of antigens.
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longer timelines to develop new vaccines, along with

increased upfront investments required to build capac-

ity, will impact price levels. This was captured into the
higher price levels assumed for future vaccines.

c. Competitive intensity is also expected to increase over
time with the emergence of local manufacturers like the 1
Serum Institute of India and BioFarma from Indonesia,
leading to price adjustments.

We can assume that the future pricefpneumoniae
vaccine would be about US$ 10 per dose. A mark-up of 2.
20%, to account for the increased complexity of future
vaccines to be launched after 2006 has been applied. Thus,
the introduction price for new vaccines within the scope
of the study (excluding meningitis) has been set at US$ 3.
12, for developing countries.

It is assumed that meningitis vaccine will be sold in 4.
combination with existing DTP, hepatitis B and Hib vac-
cines in a hexavalent (DTP-HepB-Hib-men) form. Hib
vaccine has been retained as a reference for meningi-
tis pricing, considering its recent launch, its comparable 5,
complexity and its commercialisation in combination with
DTP and hepatitis B. The estimated introduction price
of meningitis vaccine for developing countries has been
determined by applying a 20% mark-up to the Hib vac- g.
cine sold at the current lowest price of US$ 2.34 per
dose, according to UNICEF. The mark-up reflects the
more complex combinations expected for meningitis. The 7.
change over time of the price of hepatitis B vaccine has
been used as a reference for price modelling of future
vaccines.

. Non-vaccine costdotal costs of providing immunisation

services are typically split between capital (or investment)

costs and recurrent coqts0—12] Capital costs include
share of health facilities, vehicles, major equipment (cold
chain, etc.) and long-term training used forimmunisation.

4613

related costs) do not increase until this threshold is
reached.

2.2. Pre-determined parameters

Efficacy of vaccinesThe analysed vaccines are supposed
to be efficacious over time in 100% of cases. Therefore,
it is considered that no additional vaccine is dispensed
beyond the recommended standard vaccination schedule.
Compliance to vaccination schedul&ompliance to pri-
mary vaccine regimen is captured into uptake and cov-
erage rates, while compliance to booster schemes is esti-
mated at 10%.

Vaccine wastagelt is assumed that the average wastage
set at 20% is constant over years.

Vaccine bufferAt each change of antigen, 25% additional
guantities (including wastage) are added in the first year
of vaccine introduction to account for the creation of an
inventory to build buffer capacity.

Production capacityNo constraint of production capac-

ity has been assumed over the period 2004—2014. Thus,
availability and prices of vaccines have not been impacted
by this factor.

Reliability of logistics:No logistics issues have been con-
sidered. Vaccines are assumed to be available where they
are needed, on time and on required quantities.

Attrition rate: The attrition rate, which captures the proba-
bility for a productin development not to reach the market,
has been kept constant at 0%.

2.3. Alternative scenarios

In practical terms, the optimal fulfilment of immunisation

ambition for developing countries might be altered by a set of
factors depending on vaccine manufacturers R&D process,

Recurrentcostsinclude personnel, vaccine supplies, trans Ay as well as developing countries themselves

portation, maintenance and overhead, short-term training 1, astimate the combined effects of these factors on the
as well as information, education and communication. nancia| requirements, alternative scenarios have been devel-

When expanding the scope of immunisation, capital and
recurrent costs vary with the number of people immunised
and/or the number of doses dispensed. A unit dollar cost 1.
per person immunised and per dose dispensed is allocated
to each type of cogtL0-12] and used to derive the non-
vaccine costs.

No discounting of figures has been applied.

Based on discussions with the WHO and the Overseas
Development Institute (a UK-based non-governmental
organization), adjustments were made to account for the 2.
fact that:

a. When the coverage rate exceeds 85%, the unit cost to
reach one additional person or dispense one additional
dose doubles, due to difficulty of access, distance, etc.

b. Existing local health infrastructures do not run at full
capacity until DTP3 coverage reaches 60%, and there-
fore personnel and capital costs (except equipment-

oped based on the following parameters:

Launch date of future vaccineBue to the inherent uncer-
tainty of R&D activities, manufacturers planned launch
date might experience some delay (the farther the launch
date away, the higher the risk of delay). Thus, a 1-2 years
delay has been added to manufacturer’s planned launch
date for vaccines expected to be introduced after 2008
(malaria, tuberculosis ard. pneumonige

Phasing of introduction of future vaccines in GAVI coun-
tries: The 75 countries eligible for support from GAVI
have been segmented into “early”, “medium” and “late”
adopters of new vaccines, based on their rate of adoption of
Hib antigenintheir vaccination calendar. “Early” adopters
are assumed to introduce future vaccines as soon as they
are available from GAVI, “medium” adopters would intro-
duce vaccines with a 1-2 years delay, and “late” adopters
with a 2—-3 years delay.
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Vaccines prices have not been changed since they rep- DTP/hepB/Hib vaccines in all presentations (tri-, tetra- or
resent the best estimate from the vaccine industry at thispenta-valent) account for 71% of the cumulated doses dis-
point, and they depend on further discussion with interna- pensed over 10 years, due to already existing and rapidly
tional organisations, payers, NGOs and governments, whichgrowing coverage rates. In 2014, an equal quantity of exist-
are not in the scope of the current study. ing and future vaccines will be administered.

Under the alternative scenarios, the cumulated number of
doses amounts to 5780-5992 millicrable 2.
3. Results

3.1. Estimated population immunised (2004-2014) 3.3. Total estimated cost of immunisation (2004—-2014)

The estimated number of persons to be immunised is To achieve the immunisation of the people for the coun-
derived from the number of people in the target population tries and diseases selected by the GAVI over the 2004-2014
and the expected immunisation coverage. Assuming that theperiod, a cumulated sum of US$ 30 billion would be required
target population for immunisation is composed of females in the optimal scenarid«g. 4). Three distinctive periods can
between 10 and 12 years for HPV, surviving infants and be identified, based on the costs associated with new vaccines
disease-free children between 1 and 4 years for malaria, andavailability:
surviving infants for all the other analysed vaccines, the num-
ber of immunised people over the 2004—-2014 period should @. During the first period (2004-2005), no new vaccine is

reach 1046 million in the optimal scenarigig. 2). 109 mil- expected and the total immunisation costs would average
lion females should be vaccinated against HPV, 117 million ~ US$ 584 million per annum, as a result of the increased
children against malaria and 820 million infants against all ~ coverage rates achieved with existing vaccines.

other selected vaccines (i.e. DTP/ HepB/Hib combinations, b. The second period (2006-2010) would see the arrival of
yellow fever, meningitis, rotavirus, malaria, tuberculoSs, four new vaccines against meningitis, rotavirus, malaria
pneumoniak for children between 1 and 4 years and HPV in adolescent

Under the alternative scenarios, the total number ofimmu-  females. During this period the annual cost of immuni-
nised people should reach 864—-893 millidalfle 2. sation should show a dramatic increase from US$ 772
million in 2006 to US$ 2660 million in 2010, mainly due

3.2. Estimated number of doses dispensed (2004-2014) to the introduction of these new vaccines.

c. The last period (2011-2014) would be marked by the

The number of doses is derived from the target population,  introduction of vaccines againSt pneumonigamalaria
the target coverage rate and dosing regimen (primary course for infants and tuberculosis. The annual cost for total
and boosters) for each of the vaccines. Assuming that each immunisation is expected to double from US$ 3636 mil-
person can receive several immunisations with differentvac-  lionin2011to US$ 7024 in2014. As for the second period,
cines, the cumulated number of doses to be dispensed over the further cost increase of this third period would result

the period 2004—-2014 amounts to 7095 millidigy. 3). from the combined impact of new vaccines introduction
Cumulated
In thousands of people 2004-2014
-
160 - Total 1046Mn

149

140 -
_ 10-12 years 109Mn

120 4 old females
Disease-free
100 4 = children 117Mn
1-4 years
80 -
60 A
- Infants 820Mn

40 -

20

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Note : A person potentially receiving several vaccines is counted only once

Fig. 2. Number of people immunised by population segment in countries eligible for GAVI support (2004-2014) (optimal scenario).
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Compared results between the optimistic and the alternative scenarios
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Optimal scenario (%)

Alternative scenario a (%)

Alternative scenario b (%)

Cumulated number of people immunised (million) 1046 (100) 893 (100) 864 (100)
Infants 820 (79) 820 (92) 820 (95)
Children 1-4 years old 117 (112) 40 (5) 26 (3)
Females 10-12 years old 109 (10) 33(3) 18 (2)

Cumulated number of doses (million) 7095 (100) 5992 (100) 5780 (100)
Existing vaccines 5308 (75) 5308 (89) 5308 (92)
Future vaccines 1787 (25) 684 (11) 472 (8)

Cumulated costs (US$ billion) 29.6 (100) 16.7 (100) 14.2 (100)
Total costs

Vaccines 20.9(71) 9.3 (56) 7.1 (50)
Other recurrent 7.6 (26) 6.4 (38) 6.2 (44)
Capital 1.1(3) 1.0 (6) 0.9 (6)
Vaccines costs 20.9 (100) 9.3 (100) 7.1 (100)
Existing 2.8 (13) 2.8 (30) 2.8 (40)
Future 18.1(87) 6.5 (70) 4.3 (60)
Comments

Optimal scenario: vaccines are introduced in all the relevant countries at the same time, as soon as they are available to GAVI

Alternative scenario a:
One-year delay in vaccines launch compared to manufacturer planned date for rBalanieimoniaand tuberculosis
“Late” adopters countries introduce vaccines two years after launch, “medium” adopters one year

Alternative scenario b:
Two-year delay in vaccines launch compared to manufacturer planned date for n&lanaumoniaand tuberculosis
“Late” adopters countries introduce vaccines three years after launch, “medium” adopters two years

Most of the decrease in total costs between optimistic and alternative scenarios is attributable to vaccines cost, due to the segmentatidoierdaté” a
countries with very large population (e.g. China, India, Indonesia, Bangladesh, Nigeria and Pakistan which combined represent 65% of infants)

Cumulated
2004-2014
-
1200+ Total 7095Mn < -
|| * Number of doses is calculated for all
1056 Tibiereila o 1| vaccines presentations in scope of the
1 & study, and depends on the:
1000 952 galana <1 . gz%nn ! - Disease prevalence in each country
849 -PRUmoniae ! - Target population
Malaria 1-4 434Mn ! - Target coverage
800+ 761 71%! - Dose regimen for each vaccine
674 HPV 397Mn °; (including boosters)
Rotavirus 386Mn 1| 1 in tri-, tetra- or pentavalent forms
] 578 VITUS ' ‘
600 506 Meningitis 285Mn
450 467 Yellow fever 248Mn
399 403
400+
DTP/HepB/Hib! 5060Mn <
2004

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
100% 100% 99% 96% 93% 85% 77% 70% 63% 56% 50% - Existing vaccines/Total doses (%)

0% 0% 1% 4% 7% 15% 23% 30% 37% 44% 50% -a Future vaccines/Total doses (%)

Fig. 3. Estimated number of doses by type of current and future vaccines for immunisation of people in countries eligible for GAVI support (2004—2014)
(optimal scenario).
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In million USD Cumulated
2004-2014
8000 -
v
. i Total cost of
1 1 .
: : % * Total costs of immunisation programs, for all GAVI
6 000 - 1 1 countries eligible to receive support, for all types of
H . Cost of vaccines $20.9Bn « vaccines within the study scope over the 2004-2014
1 1 period
5000 - | ! . .
1 | « The 3 periods are not homothetic and correspond
| 1 to vaccines availability:
1 |
4000 | | 26% - 1st period: only existing vaccines;
i i - 2nd period: existing vaccines and meningitis,
! rotavirus, malaria 1-4 and HPV in addition;
3000 1 . )
H - 3rd period: all vaccines
|
1
2000 + : = The relative high share of vaccines in 2004 (56%) is
- Other recurrent i
! e $7.6bn - - Several countries are closing their DTP3
1000 - ! costs . ;
— coverage gap with a large increase (from less
Canital 11b than 10% in 2003 up to 50% in 2004)
0 Sapitalcosts $ :;n}, n - Capital costs are kept constant when increasing
(3%) DTP3 coverage in the range 40%-60%
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
! Calculated from the number of immunised people and the
481 687 772 973 1125 1780 2660 3636 4605 5844 7024 - Annual costs ($ Mn) number of doses multiplied by the unit cost per person
immunised and unit cost per dose dispensed, adjusted
b 5 3
56% 41% 38% 44% 47% 61% 67% 72% 75% 78% 80% <@ VACCINeS/IMMUNISAtion COSIS | Sons CAsn of bt Cavl comopind 0 the 1958

Fig. 4. Total cost estimates for immunisation of people in countries eligible for GAVI support (2004-2014) (optimal scenario).

and expansion, as well as from higher coverage rates forof existing vaccines should not account for more than 4%
existing vaccines in all 75 countries. of total vaccine costs in 2014. Within the existing vaccines,
which should cost US$ 2.8 billion over the 2004—2014 period,

The break-down of total immunisation costs shows that the pentavalent combination (DTP, HepB and Hib) alone
71% of the cumulated costs are associated to purchase ofpqid account for 46%. For future vaccines, malaria, HPV

existing and future vaccines per se (i.e. US$ 20.9 billion), 5 yotavirus would account for 83% of the total costs, i.e.
26% to other recurrent costs (i.e. US$ 7.6 billion) and 3% approximately US$ 15.0 billion out of US$ 18.1 billion.

to capital costs (US$ 1.1 billion). The weight of vaccinesin - nqer the alternative scenarios, the total cumulated sum
total immunisation costs would decrease between 2004 and US$ 14.2-16.7 billion would be required for immunisa-
2005 from an unusual high rate of 56% in 2004 t0 41% in {jon programmesTable 3. This total amount can be further
2005. This is due to the fact that: broken down into vaccines costs per se (50-56% of total),
« Several countries are closing their DTP3 coverage gap Other recurrent costs (38-44%) and capital costs (6%).

between 2003 and 2004 with alarge increase in vaccination  !f China, India and Indonesia were excluded from the
rate (from less than 10% in 2003 to 50% in 2004). This _scope,.the_ 2004-2014 culm'ulated vaccine costs related to
higher vaccination rate is achieved with existing health Immunisation of the remaining 72 GAVI countries would
infrastructures, and therefore explains the relatively high decrease from US$ 20.9 billion to US$ 11.5 billion (respec-
share of vaccines in the total immunisation costs in 2004, tively, from US$ 9.3 billion to US$ 6.1 billion under scenario

« From 2005 onwards, the increased vaccination coverage® and from US$ 7.1 billion to US$ 5.1 billion under scenario

with existing vaccines will require additional investment P)- Besides, restricting immunisation to epidemiological pri-
in health infrastructures and other non-vaccine support orities in terms of diseases and countries would reduce the

and will explain a smaller relative share of vaccines in vaccine costs from US$ 20.9 billion to US$ 9.7 billion over
total immunisation costs. the same period (respectively, from US$ 9.3 billionto US$ 6.3
billion and from US$ 7.1 billion to US$ 5.9 billion under the
From 2006 to 2014, the share of vaccines in total immu- alternative scenarios). Epidemiological priorities have been
nisation costs would grow from 38 to 80%. This increase is defined as follows:
associated with the introduction and increased coverage of
several new vaccines, more complex and more expensive,e All the diseases initially selected for the purpose of this
without a proportionate inflation of other recurrent costs and  study, but HPV for which the vaccination has been consid-

capital costs. ered as a second priority.
Future vaccines that are not expected before 2006 woulde All countries eligible to receive support for DTP, HepB
become the main cost driver after 2067 5). They should and Hib vaccines.

represent over the 2004-2014 period approximately 85% e For yellow fever, countries already “approved” and classi-
(US$ 18.1 billion) of the total vaccine costs. The weight  fied as “high risk” by GAVI.
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Cumulated
2004-2014
- -
In million USD
6000 5589 o
= Cost of . :
5500 - i 18.1bn 4 | .
| future vaccines $ <4 Only vaccine costs are included
5000 - 1~ Other future $3.1bn « Geographic scope: all 75 countries eligible to
| vaccines? GAVI support, incl. China, India and Indonesia
4500 - 1 % :
: ) * Target population segments: surviving
4000 - - Rotavirus $4.4bn infants for all presentations except malaria and
HPV. Surviving infants and disease-free
3500 A children between 1 and 4 years of age for
3000 - | malaria, and 10-12 years old females for HPV
Stk i HPV $4.5bn « Sequence of availability of future vaccines:
2000 4 20062007 2008|2009 | 2010 2011|2012 | 2013|2014
meningitis | x | x X X X X X X X
1500 - | Malaria $6.1bn rotavirus x| x| x| x| x| x|x]|x
1000 \ malaria 1-4 x| x| x| x| x| x
500 - j HPV W x| x| x| x| x
. Cost of $2.8bn 5
0 existing vaccines (13%) Sty Elx]%)*
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 malaria<1 X | x| x| X
B X X

100% 100% 97% 71% 48% 24% 15% 9% 7% 5% 4% = Existing vaccines weight

T For surviving infants and disease free children between 1 and 4 years of age
2 Other future vaccines are: meningitis, Streptococcus pneumoniae, tuberculosis

Fig. 5. Breakdown of existing and future vaccine costs for immunisation of people in countries eligible for GAVI support (2004—-2014) (optinia).scenar

e For rotavirus, all the prevalent countrigs3]. vaccines from their own national budgets (our study shows

e Only the 22 countries forming the “meningitis belt” are thatvaccines costs over 10 years for existing vaccines amount
included in the epidemiological prioritigS]. to approximately US$ 3 billion).

e Countries with a number of malaria cases equalto orabove The historical evolution of the vaccine market shows it
5% of the overall population are includ§g]. took between 15 and 20 years for a vaccine introduced in

e All countries with tuberculosis prevalence are included the developed world to begin reaching the developing world.
[14]. For vaccines developed for diseases prevalent in the devel-

e ForS. pneumonigeountries are included if the proportion  oping world, with little to no market in the developed world,
of children dying from low acute respiratory infections this lag time could be reduced if the appropriate resources
(ARI) exceeds 209%15]. are made available from the public sector. This can be exem-

plified by the meningitis vaccine developed for “meningitis
belt” countries and that will become available in 2006.
4. Discussion The international public health community has been urg-
ing the vaccine industry to research and develop vaccines
While vaccines remain one of the most cost-effective for a number of diseases that are prevalent in the develop-
ways to prevent serious illness and death, the world still doesing world. That research and development is now occurring

not enjoy the full benefits of immunisation. Progress has for meningitis, rotavirus, malaria, HPV, tuberculosis &d

been made by international organizations such as PAHO,pneumoniagand the corresponding vaccines should be ready

WHO, UNICEF, GAVI/The Vaccine Fund and NGOs in for introduction in the developing world between 2006 and

supporting national efforts to increase the uptake of existing 2014.

vaccines. However, there is still significant work to be done.  Those vaccines that will have small market in the West-

For instance, the anticipated financial resources expectedern World will be developed, registered and launched first in

to be raised by the Vaccine Fund during the 10-year period developing countries where the need is the greatest. For other

2004-2014 vary from a cumulated amount of US$ 2.6 vaccines that have markets in both developed and developing

billion in the worse case to US$ 5.3 billion in the best countries, the strategy will be to launch them simultaneously

case, which have to be compared to the US$ 1430 billion in both worlds.

funding needs for total immunisation as shown by this The international organizations, other members of the

study. donor community, and the public health community have
Funds will be needed for eligible GAVI countries thathave not focused on the amount of resources that will be needed

not yet introduced hepatitis B, Hib or yellow fever (the three to introduce and purchase these new vaccines. It is not
vaccines eligible to be purchased by GAVI). Additional funds part of their mandate to analyze the financial requirements
will, no doubt, be needed for countries that have introduced associated with the provision of these vaccines, which will be
existing vaccines, but that will not be able to fully pay for the a critical success factor in the uptake of these new vaccines.
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This study shows that the 2004—2014 funding require- Thomg, SierraLeone, Solomon Island, Somalia, SriLanka,
ments associated to future vaccines are in the range of US$ Tajikistan, Timor Leste, Togo, Turkmenistan, Ukraine,
4-18 billion. In total, the amount needed to continue the pur-  Uzbekistan
chase of existing vaccines and of the new vaccines over the
period 2004—2014 is approximately US$ 7—21 billion for vac-
cines, and US$ 14-30 hillion for total immunisation costs References
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