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Background. Despite group B Streptococcus (GBS) being a leading cause of maternal and infant morbidity and mortality, no
vaccine is currently available. To inform vaccine developers, countries, and funders, we analyzed the key factors likely to influence
the demand for a GBS vaccine and the long-term financial sustainability for a vaccine developer.

Methods. Using population-based forecasting, we estimated the demand for a GBS vaccine; using a discounted cash flow model
we estimated the financial viability for a vaccine developer.

Results. Demand for this vaccine can be significant if countries adopt policy recommendations for use, in particular, the largest
ones, most of which have a burden that justifies use of the vaccine, and if financing for the vaccine is made available either by coun-
tries or by funding mechanisms such as Gavi, the Vaccine Alliance.

Conclusions. 'This analysis suggests the potential for financial and commercial viability for a vaccine developer pursuing the
commercialization of a GBS vaccine. Risks exists in relation to the clinical trial design and costs, the level of competition, countries’
ability to pay, the administration schedule, and the availability of policies that encourage use of the vaccine. To reduce those risks and
ensure equitable access to a GBS vaccine, the role of donors or financers can prove very important, as can a coordinated operational
research agenda that aims at clarifying those areas of uncertainty.

Keywords.  group B Streptococcus; neonatal sepsis; demand forecast; financial evaluation; vaccine.

KEY FINDINGS

1. DATA INPUTS

Based on population projections, vaccination and maternal
services coverage data, maternal immunization systems
strength estimates, and other standard forecasting and finan-
cial parameters, we developed a demand forecast for a group B
Streptococcus (GBS) vaccine and performed a discounted cash
flow analysis for a commercial entity developing such a vaccine.

2. WHAT IS NEW?
In this first attempt to quantify the global demand for a

GBS vaccine and to estimate the financial viability for a
vaccine developer under different scenarios, we concluded

3. WHAT TO DO?

Actions are required to ensure availability of policies at na-
tional and global levels that encourage use of the vaccine in
high- and low-resource settings, as well as engagement of
donors or financers that, by de-risking the development of
the GBS vaccine, can speed up the progression toward mar-
keting authorization.

4. KEY GAPS

A coordinated operational research agenda will be essential
for clarifying specific areas of uncertainty that are likely to
influence the developers’ decisions, particularly countries’
interest for a GBS vaccine and their willingness and ability

that, albeit with some risk areas, the development effort to pay.

should be potentially sustainable and attractive for a com-

mercial entity.

GBS is a leading cause of sepsis and meningitis in neonates
and young infants and an important cause of stillbirth.
Globally, GBS disease is estimated to cause at least 409 000
(UR, 144 000-573 000) cases of serious infections in mothers,
their fetuses, or infants and to causel47 000 (Uncertainty
Range [UR], 47 000-273 000) stillbirths and infant deaths
annually [1]. Despite being home to only 13% of the world’s
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population, Africa has the highest burden, with 54% of es-
timated cases and 65% of stillbirths and infant deaths [2].
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Because of the significant burden of disease and the technical
feasibility, the World Health Organization (WHO) Product
Development for Vaccines Advisory Committee identi-
fied GBS maternal vaccination as a priority. Priority activi-
ties have been highlighted by WHO for vaccine researchers,
funders, and product developers, with the goal of accelerating
the pathway to vaccine availability [3-5].

Several GBS vaccines are in development by large multi-
national and smaller companies, partly supported by donor
funding [6]. Several programs have failed or have been dis-
continued, and none of the vaccines currently in clinical de-
velopment have progressed beyond phase 2 [7]. The largest
investment decisions prior to realization of a licensed vaccine
are therefore still to be taken.

Those decisions are primarily influenced by the size of the
target population, the revenue potential, the required invest-
ment, the clinical development feasibility, and the regulatory
feasibility [8]. To fill the gap for the first 3 factors mentioned
above, we developed high-level estimates for the potential global
demand and revenues for a GBS vaccine that is aligned with
WHO-preferred product characteristics and with policy re-
commendations from global policy-making bodies such as the
WHO Strategic Advisory Group of Experts on Immunization.
In addition, we assessed the potential need for nonmarket fi-
nancial incentives by estimating the return on investment and
financial sustainability of such a vaccine.

OBJECTIVES

This article is the ciab795, ciab796, ciab785, ciab768, ciab770,
ciab777, ciab767, ciab769, ciab776, ciab784 series of articles
from this GBS series. There are 2 objectives of this article: to
provide a first estimate of the global demand for a GBS vaccine
across countries of all income levels and to assess the financial

viability for a vaccine manufacturer to develop and commer-
cialize a GBS vaccine

METHODS

A global strategic demand forecast was built to perform the ana-
lyses in 182 countries across all income levels. (Of the 194 WHO
member states the 12 smallest countries were not included in
the analysis, those countries representing less than 1% of the
global population in analysis.) Those countries are forecasted
to represent 136 million live births in 2030 [9]. A discounted
cash flow (DCF) model was built to assess the financial viability
from a vaccine developer standpoint. The country economic
perspective is covered in a different article in this GBS series.

Demand Forecast

The demand forecast was developed using a standard
population-based forecasting approach [10-12], as illustrated
in Figure 1, estimating the potential demand for a GBS vac-
cine in each country. The estimate was based on the size of the
target population in the different scenarios, the attainable cov-
erage, and the specific uptake curve of the vaccine, estimating
the global adoption sequence based on the following 4 country-
specific factors: disease burden, the strength of the maternal
immunization platform, the available fiscal space, and the track
record in earlier introduction of new vaccines.

Financial Analysis

For the financial analysis, a standard DCF methodology was
used to calculate the project’s net present value (NPV). Standard
DCF evaluations [13] discount the financial flows generated
by a single project by using the weighted average cost of cap-
ital (WACC) that captures the specific risk of the business in
analysis via the estimate of the cost of equity for that type of
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Flow diagram of the demand forecasting process. Abbreviations: ANC, antenatal care; GBS, group B Streptococcus; MI, maternal immunization.
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business per the capital asset pricing model. The expectation of
additional returns in reward for projects that can be considered
riskier than the average portfolio is captured by increasing the
discount rate beyond the WACC in what is defined as a “hurdle
rate” A hurdle rate was defined in this evaluation.

To calculate the projects NPV, a simplified profit and loss
statement was built composed of the following items: revenues:
for each year, based on the doses required by the program as
calculated in the demand forecast, the total revenues were de-
termined based on the formula, doses deployed X price per
dose; cost of goods sold (COGS): for each year, based on the
doses required by the program as calculated in the demand
forecast, the total costs of producing the doses of vaccine sold
were computed based on the formula, doses deployed x COGS
per dose; costs of clinical development: for each year, the total
cash disbursement required to finance the clinical development
program, inclusive of cost of clinical trials, cost of clinical trial
material, and cost of regulatory processes, was calculated by
adding all components. Those costs are expensed in the year
when they incur and therefore represent cash outflow; and in-
vestment in the manufacturing facility: for each year, the cash
disbursement for the construction of the manufacturing plant
was estimated. Those costs were capitalized and depreciated.
Their disbursement contributes to the calculation of the free
cash flow.

Depreciation; sales, general and administrative (SG&A) ex-
penses; and taxes were also factored in to determine the net
profit. Those parameters provided the basis for the calculation
of the free cash flow and of the NPV according to the standard
DCF method, applying the appropriate discount rate for the rel-
evant industry per the following formula:

¥—"Free Cash Flow'/ (1 4 Discount Rate)"

where t = number of time periods (ie, years).
No residual value for the cash flow streams generated after
2040 was included in this analysis.

Scenarios

For each parameter in the demand forecast and in the DCF anal-
ysis, a set of assumptions was defined based on the best avail-
able information. Scenarios were constructed to understand the
impact of different designs of the vaccination program (single
dose, 2 doses in pregnancy, and prime dose in adolescence fol-
lowed by booster dose in pregnancy) as well as to assess the im-
pact of key variables (number of vaccine competitors, the type
of clinical trials, COGS level, and existence of Gavi, the Vaccine
Alliance [Gavi] financing).

Demand Forecasting Assumptions

For each variable in the model, the WHO GBS Scientific
Advisory Group defined and validated assumptions in meetings
and teleconferences that occurred in late 2019 and 2020.

Vaccine Characteristics

The characteristics of the GBS vaccine used for the base forecast
have been aligned with the preferred product characteristics
(PPC) published by WHO [14]. Specifically, the assumption of
a single-dose schedule has been adopted; this is reflective of the
candidates that have progressed further in clinical development
[7]. The characteristics most relevant for this work are captured
in Table 1.

As part of the scenario analysis, the following vaccine char-
acteristics that differ from those established in the PPC have
been considered: a 2-dose schedule administered during each
pregnancy and a 2-dose schedule with a first dose given concur-
rently with the human papilloma virus (HPV) vaccine in ado-
lescence and the second dose during each pregnancy.

Target Population

Women between 24 and 34 weeks of pregnancy were assumed
as the primary target population for the 2 doses delivered
through antenatal care (ANC) services during 2 of the 4 sched-
uled pregnancy visits. Pregnant women were assumed as being

Table 1. Selected Parameters from the World Health Organization Preferred Product Characteristics
Parameter Assumed Characteristic
Indication Prevention of laboratory-confirmed GBS stillbirth and invasive GBS disease in neonates and young infants

Target population
Schedule

Safety

Efficacy

1 dose

Serotype coverage
Route of administration Intramuscular
Presentation Single-dose packaging
Year of first global registration 2028

Prequalification year

World Health Organization recommendation

Value proposition

Pregnant women in the second or third trimester of pregnancy

At least as favorable as influenza, tetanus toxoid, and acellular pertussis vaccines
80% protection against GBS-conformed stillbirth and invasive disease in offspring
>90% of current invasive disease isolates in the target region

2029 (first country introduction in 2029)
Recommended for all pregnant women in countries with substantial disease burden
Similar economic barriers as other new EPI vaccines

Abbreviation: EPI, Expanded Program on Immunization; GBS, group B Streptococcus; IM, Intramuscular.
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vaccinated during each pregnancy. In the absence of reliable
data on the number of pregnant women per country, the size
of this population was derived by adding live births and still-
births. Estimates of live births for the period 2026-2040 were
sourced from the United Nation the database of the Population
Division of the United Nations’ Department of Economic and
Social Affairs (DESA’s) Population Division database [9]. The
stillbirth data from 2015 [15] were extrapolated by applying the
average rate of change from 2000 to 2015 to estimate the values
for 2026 and beyond. The addition of 2 million stillbirths in
2030 represented 1% of pregnant women globally and 2% of
pregnant women in low-income countries (LICs). The negative
impact of multiple births on the calculation of the number of
pregnant women was assessed and found to be of comparable
impact (2%-3%) [16]. However, at the time of forecasting, no
consistent source for country data was found and thus no ad-
justment for multiple births has been included in the forecast.

The scenario that includes delivery of the first dose of the
vaccine at the same time as the HPV vaccine assumed 10-year-
old girls as the target group across countries. Population data
through 2035 [9] were available from the dataset supporting the
WHO MI4A (Market Information for Access to Vaccines) HPV
forecast [17] and were extended using the linear forecasting
function of Excel.

Coverage
Different methods were used to derive coverage estimates for
the different scenarios mentioned above.

Estimate of the Coverage of the First (or Single) Dose Delivered During
ANC. Coverage for 110 low- and middle-income countries
(LMICs) was retrieved from the model of the gestational age
timing and coverage of each of the 4 ANC visits per country
developed to estimate coverage in a forecast for a respiratory
syncytial virus (RSV) vaccine delivered through maternal im-
munization [18]. Those estimates were compared to unadjusted
ANC1, ANC4, and protection-at-birth values. It was found that
the unadjusted ANC4 values [19] resulted in a good approxima-
tion of the adjusted values used for RSV. Based on this, ANC4
was used for the 74 higher-income countries not included in
the RSV forecast.

To generate estimates for the period 2027 to 2040, RSV cov-
erage estimates from 2026 were increased 1 percentage point
per year for those countries with RSV coverage below 95% until
it reached 95% at which point it was held stable throughout the
remaining forecast period. If a country RSV coverage rate was
already above 95% in 2026, it remained stable throughout the
forecast period.

ANC visit data are available from 1993-2018 [19], with more
than 50% of data from 2014 or more recent. To extend the last
reported ANC4 data to the period 2026-2040, a standard in-
crease of 1 percentage point per year was applied to all countries

with rates below 90% until the rate reached 90% at which point
it was kept stable throughout the forecast period. If the rate was
already above 90%, it was kept stable throughout the forecast
period. This more conservative approach, compared to the RSV
coverage, was adopted to reflect the high level of uncertainty
linked to the GBS vaccine development. A list of countries is
provided in the Supplementary Materials with the coverage
rates used.

Estimate of the Coverage of the Second Dose Delivered during ANC.
Given that for all vaccines some people who receive the first
dose do not receive the second (drop-out effect), a factor of 0.9
was applied to the first/single-dose coverage to estimate the
coverage level of the second dose delivered during ANC. In
the absence of solid data sources, this approach was validated by
the WHO GBS Scientific Advisory Group.

Estimates of the Coverage for the Priming Dose Delivered in Adolescence.
Coverage of the HPV vaccine delivered in adolescence was re-
trieved from the global demand forecast developed in 2019 by
the WHO MIA4A initiative. This forecast included a scenario in
which 131 countries would use a 1-dose HPV vaccination reg-
imen starting in 2022 [17]. The forecast assumed the target pop-
ulation to be girls aged between 9 and 14 years, which is in line
with the WHO recommendation. The estimated coverage for
the single dose of HPV vaccine was used in the GBS forecast for
the years 2026-2030. For the remaining 51 countries that were
assumed to continue using a 2-dose HPV regimen in the HPV
forecast, the blended coverage of both first and second dose was
used as the basis for this GBS forecast. In addition, this blended
coverage was adjusted upward by a factor of 1.1 and capped at
99% to account for the higher likelihood of 1 dose being admin-
istered vs 2. Coverage data from 2026 to 2030 were extended
through 2040 using the linear forecast function of Excel.

Adoption Sequence

This forecast was developed 9 years before the first expected
vaccine marketing authorization; such a time gap prevents
having solid insights into an individual country’s year of in-
troduction of a GBS vaccine in their immunization schedule.
Therefore, a predictive algorithm was designed to define a log-
ical adoption sequence based on 4 factors representing the po-
tential local importance of GBS vaccination and an individual
country’s financial and programmatic readiness to implement a
vaccination program.

Burden of Disease. Countries were assigned a value based on the
rate of early-onset deaths caused by GBS disease [1] per live
birth stratified by their sustainable development goal subre-
gions. (Southern Asia, Eastern Asia, Central Asia, West Asia, SE
Asia, Northern Africa, Southern Africa, Western Africa, Mid.
Africa, Oceania, Caribbean, Central America, Developed.)
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Early-onset deaths represent two-thirds of the GBS deaths [1];
henceforth, we assumed this metric to be the one where aware-
ness is higher among policy makers when discussing country
adoption decisions. Where country-specific data were avail-
able, they were used to determine whether they would change
the country categorization; however, in each case, the country
ranking remained unchanged both individually and by subre-
gion. Countries were ranked from highest to lowest early-onset
mortality and assigned a score of 3 for highest burden and 1
for lowest based on thresholds drawn at notable and evenly
spaced natural changes in the slope of the curve for all coun-
tries. Within regions with a rate of <0.0005 per million births,
countries were assigned a score of 1; countries within regions
with a rate between 0.0005 and 0.00122 per million births were
assigned a score of 2; and countries within regions with a rate
above 0.00129 were assigned a score of 3.

Fiscal Space. Countries were ranked according to the percentage of
general government expenditure spent on health. This indicator
was chosen with reference to the Abuja Declaration that set a
goal for health spending of 15% of government revenue for coun-
tries. While this declaration is focused on the African region, this
target is also widely referred to in other regions [20]. The health
expenditure as percentage of government revenue indicator was
available for 97% of the countries in scope [21]. A score of 1
was assigned to countries spending <7.5% on health, a score of 2
was assigned to countries spending more than 7.5% but less than
15%, and a score of 3 was assigned if their spending was >15%.

Maternal Immunization Platform Strength. Countries were ranked
based on the strengths of their maternal immunization plat-
form as measured by the maternal immunization and antenatal
care situation analysis (MIACSA) [22] project in terms of their
potential to protect mothers and young infants from vaccine-
preventable diseases. Countries classified by the MIACSA pro-
jectin groups 1 and 2 were considered to have low functionality
and were assigned a score of 1, countries in group 3 were as-
signed a score of 2, and countries in group 4 were assigned a
score of 3. Three high-income countries (HICs) not included in
the MIACSA analysis were assigned a score of 3.

Vaccine Introduction History. A composite indicator of country in-
troduction status as of July 2019 for pneumococcal conjugate
vaccine (PCV), rotavirus vaccine (RVV), and HPV vaccine
was created. While none of these vaccines are indicated during
pregnancy, the 3 vaccines were selected because of their “global”
scope (eg, meant to be introduced in all countries), “recent”
rollout (compared with diphtheria tetanus pertussis—containing
vaccines that were introduced decades ago), and “routine” de-
livery approach. If a country had introduced none of the 3, a
score of 0 was assigned; a score of 1 was assigned if 1 of the vac-
cines was introduced; a score of 2 if 2 vaccines were introduced;

and a score of 3 for 3 introduced vaccines. If a country had
introduced HPV vaccine at a subnational level or into a pilot
program, it was counted as having not introduced.

Each country was attributed a total unweighted score re-
sulting from the simple addition of the scores from each of the
4 indicators. Based on their total unweighted score, ranging be-
tween 3 and 12, countries were assigned to different clusters.

As a result of this scoring mechanism (Figure 2), 20 countries
with scores of 11 and 12 were assigned to the “early adopters”
cluster assumed to introduce in years 1 to 3 from first regis-
tration. Sixty-seven countries with scores of 9 and 10 were as-
signed to the “followers” cluster assumed to introduce in years
4 to 6 after first registration, and 78 countries with scores of 6,
7, and 8 were assigned to the “late adopters” cluster assumed to
introduce in years 7 to 9 after first registration. Among those, 9
countries eligible for Gavi support per 2020 that scored 5 and
were moved “up” from the “nonadopter” cluster to capture the
influence that the financial contribution from Gavi could have
on addressing domestic financial constraints that could limit
adoption of vaccines otherwise considered priority by those
countries. Finally, 16 countries with scores of 5 and below were
assumed not to introduce during the forecast period in the
baseline forecast and assigned to the nonadopters cluster. See
the Supplementary Materials for a list of countries in each cate-
gory and their total unweighted scores.

An annual introduction sequence was then derived from
the country groupings whereby the total birth cohort of all
countries in each group was divided into thirds and countries
were assigned to introduce in descending order based on their
scores starting in the first year of their cluster period until one-
third of the birth cohort was reached. After that, countries were
assigned to the second year of their cluster period up to ex-
haustion of the second third of the birth cohort. Finally, the
remaining countries were assigned to the third year of their
cluster period. The assignment of countries evenly throughout
a decade was considered the best way of approximate patterns
of introduction observed globally with other new vaccines,
while being mindful that the exact timing of a specific country
introduction is one of the least certain elements of any forecast.

Other Demand Forecasting Parameters

Uptake Curve. Following standard global vaccine forecasting con-
ventions [23], for most countries the full target population, that
is, pregnant women estimated as indicated above or a mix of
girls aged 9-14 years and pregnant women in the prime-boost
scenario, was assumed to be eligible in year 1 of vaccine intro-
duction. For large countries with more than 10 million pregnant
women, 80% of the target population were assumed to be eligible
for vaccination in year 1 and 100% of this population in year 2.

Wastage Rate. For vaccines in single-dose packaging, the standard
5% wastage rate was applied [24].
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Demand by WB Income Level

120 000 000

100 000 000

80 000 000

60 000 000

40 000 000

20000 000

2029 2030 2031 2032 2033

2034 2035 2036 2037 2038 2039 2040

EHIC mUMIC mLMIC mLIC

Figure 2. Vaccine demand in doses stratified by income level. Abbreviations: HIC, high-income country; LIC, low-income country; LMIC, lower middle—income country;

UMIC, upper middle—income country; WB, World Bank.

Buffer Stock. Twenty-five percent additional vaccine stock was
assumed to be needed in year 1 to top-up the supply channel. In
addition, 25% of the incremental demand in subsequent years
was also included.

Financial Assumptions

Vaccine Prices

Vaccine price estimates were defined by benchmarking prices of
some of the most adopted vaccines among the ones developed
in the last 20 years. Price benchmarking of PCV, RVV, and HPV
for a range of country income levels was conducted, averaging
the 2019 country values from the WHO MI4A vaccine price
database (Table 2).

Normally, vacciness COGS provide a floor price for the
lowest-income countries and serve as a comparator to the other
new vaccines. This is particularly relevant in the lowest-income
countries. Considering very preliminary information on vac-
cine characteristics and manufacturing processes [25], COGS
was estimated at $2.50 per dose. It is important to note that at
the lowest levels (threshold depending on the vaccine platform

in use), the volume of production can have a strong effect on
COGS. Consequently, any significant decrease in the antici-
pated volume of doses sold for an individual manufacturer
could result in increased COGS. A higher COGS scenario of
$4.00 per dose was also simulated. A lower COGS scenario was
not simulated as it would directly result in an improvement of
the baseline NPV, assuming no difference in pricing.

As a result of the above considerations, price assumptions by
country income group were defined, splitting the countries in
3 groups as represented in Table 3. The analysis assumed the
same per-dose price regardless of the number of doses required.
Consequently, a vaccine with a 2-dose schedule could enhance
the business case, even if that will create additional implemen-
tation costs for countries.

Clinical Development Costs

The total costs and cash outflow for all activities performed
as part of the clinical development, for example, clinical trials,
regulatory activities, and manufacturing, were estimated as fol-
lows: Phase 1 and 2 completed by 2022 for a total cost of $23.6

Table 2. Pneumococcal Conjugate Vaccine, Rotavirus Vaccine, and Human Papilloma Virus Average Price Per Dose Stratified by Country Income Group

Country income level, 2018 sample size

Average Price per Dose, US Dollars

2013 2014 2015 2016 2017 2018
High-income country, n = 49 41 45 36 47 45 49
Upper middle-income country, n = 34 51 21 15 16 20 17
Lower middle-income country, n = 41 6 5 4 5 4
Low-income country, n = 30 3 4 3 3
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Table 3. Assumed Price Per Dose of Group B Streptococcus Vaccine

Price per
Market Segment Dose
High-income countries, N = 51 $50.00
Upper middle-income countries, N = 22 $15.00
Lower middle-income and low-income countries $3.50

e | ower middle-income countries (Gavi and non-Gavi
eligible), N = 35
® Low-income countries (Gavi eligible), N = 49

million [26] and phase 3 completed between 2023 and 2027
with 7000 participants and costs of $52.3 million based on the
assumption that an immunogenicity trial will be acceptable for
primary registration. Marketing authorization based on correl-
ates of protection has been achieved for conjugated vaccines
that target encapsulated bacteria similar to GBS. Alternative
options to make such a scenario possible for a GBS vaccine
have been identified in a recent WHO-sponsored workshop
[27]. Nonetheless, this assumption remains relatively uncertain,
and a larger and longer efficacy trial may be required. Under
a more conservative assumption, 40 000 participants would be
needed for a phase 3 trial that will take 8 years over the period
2027-2034 with a total cost of $204.5 million. Those estimates
are based on a total cost per participant of $4.612 (The original
estimates have been actualized based on the US Bureau of Labor
Statistics calculator - https://www.bls.gov/data/inflation_cal-
culator.htm) [28] and include regulatory and manufacturing-
related costs.

Manufacturing Facility Investment

Between 2023 and 2028, a capital expenditure of $150 million
[29, 30] in a high-income setting was estimated to be needed
to build the manufacturing plant, procure the necessary equip-
ment, set up and validate the processes, and achieve establish-
ment licensure. The establishment of the manufacturing facility
in a country with lower income and costs is also a scenario that
will result in lower investments, hence, in the improvement of
the overall financial outlook of the initiative.

Market Assumptions

The base case scenario was developed under the assumption
that only 1 manufacturer would reach the market and com-
mercialize the vaccine for the entire period, hence, benefiting
from the total sales of the GBS vaccine. Two more conserva-
tive scenarios were simulated based on the base case scenario
single-dose assumption: one where a second manufacturer li-
censes a product in 2034 and, over a 3-year period, gains 40%
market share equally split across the 3 market segments (HICs,
UMICs, LMICs-LICs) and a second scenario where the first
competitor reaches the market in 2031 and a second competitor
licenses a product in 2032, reducing the share of the market of
the first entrant to 20% by 2033.

Other Financial Assumptions
Using the US Generally Accepted
Accounting Practices, a period of 15 years was used to depre-

Plant Depreciation Rate.
ciate the facilities.

SGe&A. A proportion of 14% of total revenues was used as the
SG&A rate. This percentage is based on the SG&A expenditure
reported in 2019 by Sanofi in its annual report for the vaccine
business [31].

Taxation Rate. Using the most recent estimates of the Tax

Foundation, the average Organisation for Economic
Co-operation and Development taxation rate of 23% was ap-

plied [32].

Hurdle Rate. Based on the WACC of 8.55% calculated by the
New York University Stern Business School for pharmaceutical
and biotech companies [33], the hurdle rate of 10.5% was used
in the calculations consistently with other similar financial eval-
uation [34].

RESULTS

The base forecast and scenarios were developed for the period
2029-2040, representing the first decade of vaccine availability.
All forecasts were developed under the assumption that the ev-
olution of the global burden of GBS will still warrant a global
introduction of the vaccine in 2029 at the completion of the
clinical development process.

Base Demand Results: 1 Dose Delivered During Pregnancy/ANC

1 Dose

Global dose demand in the base case reached more than 40 mil-
lion doses from 124 countries by 2035 and approximately 110
million doses from 163 countries by 2040. Total demand over
the period 2029-2040 was forecast to exceed 560 million doses,
36% from countries in the African region. Current LMICs
would account for the largest percentage of demand during the
period, forecast as 32% of the total (Figure 2).

Demand Scenario Results

Two Doses Delivered During Pregnancy. This scenario resulted in
demand for approximately 80 million doses in 2035 and more
than 215 million doses in 2040 with a total in excess of 1 bil-
lion doses in the period 2029-2040. The lower coverage of the
second dose accounted for the forecast being less than 2 times
the base forecast.

One Dose in Adolescence With HPV Vaccine Plus 1 Dose During
Pregnancy. Total demand estimates exceeded 80 million doses
in 2035 and were in excess of 215 million doses in 2040 with
a total in excess of 1 billion doses in the period 2029-2040.
Multiple factors influenced this calculation including different
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Figure 3.  Comparison of NPV and the hurdle rate (10.5%). Abbreviation: 1ds, 1 dose; COGS, cost of goods sold; NPV, net present value.

target populations and coverage assumptions. The HPV target
population was between 4% and 8% higher per year than the
ANC target population, while HPV 1 dose coverage was, on av-
erage, lower than ANC 1 dose coverage. See the Supplementary
Materials for HPV 1 dose coverage data.

Financial Analysis Results

The NPV of GBS vaccine development and commercialization
was calculated for 8 scenarios. The 3 scenarios developed in
the demand forecast plus 5 scenarios used to test the impact of
the need for an efficacy trial: a higher COGS, the presence of a
competitor in the market, the presence of 2 competitors in the
market, and the absence of Gavi support.

The NPV was positive in all evaluated scenarios (Figure 3) ex-
cept for the one where an efficacy trial would be required (The
NPV for this scenario is still limited to 2040 with no residual value
for consistency with the other scenarios. However, the extended
duration of the efficacy trial reduces the number of years where
revenues are generated from 12 to 5. With a calculation ex-
tended to include 12 years — hence moving beyond 2040 - the
NPV remains positive at 285 million USD.) and ranged from
$88 million to $1.6 billion, depending on the scenario. These
results are highly dependent on revenue from HICs, which rep-
resents approximately two-thirds (57%-63%) of all revenues.
From a demand standpoint, only a reduction in the total de-
mand to 17% of the base case equally across all income levels
led to a negative NPV. On the other hand, the complete absence
of HIC demand resulted in the reduction of the NPV by more
than 90% to $124 million.

DISCUSSION

Demand for a GBS vaccine administered during pregnancy
and/or in adolescence, assumed to be first licensed in 2028 and

introduced at the beginning of 2029, was forecast to exceed 110
million doses by 2040. Demand could reach 220 million doses
by 2040 with a 2-dose schedule. This means reaching in excess
of 100 million women by 2040. Demand of this size and across
countries of all income levels represents an interesting market
for vaccine developers.

The strength of this interest is dependent on the level of un-
certainty around the most important demand drivers, in order
of importance: the number of vaccine doses required per tar-
geted woman, whether and when countries with large popu-
lations will introduce the vaccine, and the achievable future
(10 to 20 years in the future) coverage for doses administered
during ANC visits (ANC dose) and/or in adolescence together
with HPV vaccination (HPV dose). The uncertainty around
these assumptions also represents the main limitations of the
analysis.

For the first parameter, the progress of the necessary clinical
trials will provide relevant information to tailor the estimates.
For the estimate of the most realistic adoption sequence and of
the achievable coverage, further in-depth research will be re-
quired. Acceptability studies and use cases analysis could shed
light on the size of the target population, while assessment of
the cost-effectiveness and perceived value of the vaccine could
allow for more precise estimates of the adoption sequence. It is
worth noting that the future strength of the maternal platform,
in particular, considering the parallel development of an RSV
vaccine delivered during pregnancy, can also play an important
role in facilitating the adoption of the GBS vaccine.

The financial analysis resulted in a positive NPV for the de-
velopment of a GBS vaccine across most scenarios, suggesting
a high potential for financial viability for this product. Under
those scenarios, no additional financial support appears to be
required to pursue the development of the GBS vaccine, neither
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by reducing the cost of clinical development (push funding) nor
by de-risking the prospective demand (pull funding).

Also, in this case, those results depend on the following 4
key conditions. (1) The acceptability of a phase 3 pivotal trial
with an immunogenicity end point. The significantly higher
clinical development costs and longer timeline associated with
an efficacy trial represent the largest risk to a profitable busi-
ness model for the first manufacturer (or others that may be
in late-stage development prior to licensure of the first vac-
cine). (2) Competition to be moderate or absent in the first
10 years with all global revenue earned by 1 manufacturer or
with the first to market retaining a share of 60% or greater.
While highly desirable from a supply security standpoint,
the presence of a second or third manufacturer in the market
would gain market share at the expense of the first and thus
lower the overall revenue and financial sustainability for each
player. In view of the potential return that can be generated
by a GBS vaccine, presence of multiple competitors is to be
considered likely. While the first manufacturer’s development
costs would remain constant, it may have first-mover advan-
tage in locking certain markets. However, the second or third
manufacturer could incur lower development costs, allowing
for more aggressive pricing strategies and gain of a relevant
share of the market. As result, the presence of 3 competitors
in the market would reduce the share of the first to market to
20% by year 5 and its revenues and NPV by three-quarters.
It should be noted that while reducing the potential attrac-
tiveness of the market, competition and decline in price can
speed up the adoption for countries where ability to pay rep-
resents a significant barrier. (3) Policy recommendations and
use in HICs that provide two-thirds of revenue during the first
decade after first registration. Adoption in HICs is necessary
to achieve maximum return on investment for the manufac-
turer. Inability to achieve widespread recommendations or
significant lower demand in this market segment because of
factors such as vaccine hesitancy and limited support from the
medical community would greatly affect the profitability of
this vaccine’s business case. (4) Direct margin, based on price
and COGS, which are the main drivers of the cash flow gen-
erated by the project. A reduction of 60% of prices across all
income groups resulted in a NPV loss of $350 million (48%
decrease), while a 60% increase in COGS translated to a NPV
loss of $120 million (16% decrease).

Since population-based demand forecast and discounted cash
flow are standardized and widely accepted modeling approaches
for these kinds of analyses, the limitations are primarily linked
to the assumptions used in the models. So many years in ad-
vance of clinical development completion and vaccine intro-
duction, assumptions can change substantially, including as
result of the current coronavirus disease 2019 (COVID-19)
pandemic. Assumptions with the largest impact on demand
estimates, including the final decisions related to the vaccine

schedule and number of doses, country decisions on whether
to adopt the vaccine, and the realistic level of achievable cov-
erage, are all based on proxies and the initial knowledge on the
vaccine characteristics. Similarly, for the financial variables, the
assumptions on competition, price, COGS, and the final clin-
ical trial design are also based on proxies and current know-
ledge. The progression of clinical development, evolution of
the COVID-19 pandemic, and increased country awareness
of the program will provide more certainty over time on these
assumptions.

CONCLUSIONS

These first estimates of GBS vaccine demand and of the NPV of
a vaccine development project suggest the potential for full fi-
nancial and commercial viability for a vaccine manufacturer to
pursue the development and commercialization of a GBS vac-
cine. This may allow for a business case that is independent of
additional financial support. Nonetheless, the role of donors or
financers can still prove very important in de-risking the devel-
opment of the GBS vaccine that, especially at this stage, is still
affected by many levels of uncertainty.

More importantly, in view of the relevant level of uncertainty
across most of the modeled variables, this analysis points to 5
key risk areas that can affect the GBS vaccine value proposition.
These risks include the pivotal phase 3 clinical trial design and
costs, the level of competition, the acceptable prices in the var-
ious countries, the administration schedule, and the availability
of policies at national and global levels that encourage use of the
vaccine in high- and low-resource settings, reducing the risk of
low uptake, in particular, in high-income settings, critical to en-
sure a maximum profitability.

To enable equitable access to GBS vaccines, a global, struc-
tured policy-making process and a coordinated operational
research agenda will be essential for clarifying those areas of
uncertainty that are likely to influence the developers’ decisions.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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