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By F. Marc LaForce and Jean-Marie Okwo-Bele

Eliminating Epidemic Group A
Meningococcal Meningitis In Africa
Through A New Vaccine

ABSTRACT A new affordable vaccine against Group A meningococcus, the
most common cause of large and often fatal African epidemics of
meningitis, was introduced in Burkina Faso, Mali, and Niger in 2010.
Widespread use of the vaccine throughout much of Africa may prevent
more than a million cases of meningitis over the next decade. The new
vaccine is expected to be cost-saving when compared to current
expenditures on these epidemics; for example, an analysis shows that
introducing it in seven highly endemic countries could save $350 million
or more over a decade. International donors have already committed
funds to support the new vaccine’s introduction in Burkina Faso, Niger,
and Mali, but an estimated US$400 million is needed to fund mass
immunization campaigns in people ages 1–29 over six years in all twenty-
five countries of the African meningitis belt. The vaccine’s low cost—less
than fifty cents per dose—makes it possible for the affected countries
themselves to purchase vaccines for future birth cohorts.

B
acterial meningitis is a serious in-
fection of the thin lining surround-
ing the brain and spinal cord.
Symptoms include a stiff neck,
high fever, headache, and vomit-

ing. Group A Neisseria meningitidis accounts
for almost all epidemics (defined as incidence
rates greater than 100 per 100,000 population)
in the part of Africa where meningitis can be
found.1 Other meningococcal strains (C/Y/
W135) seen in Africa have historically accounted
for only 10–20 percent of cases.
Formore than a century,meningitis epidemics

have regularly recurred across large sections of
sub-Saharan Africa. As many as 450million peo-
ple areat risk. They live in twenty-five contiguous
countries that constitute a “meningitis belt”
stretching from Senegal in the west to Ethiopia
in the east (Exhibit 1). About 240million people
live in the seven countries with the highest risk:
Burkina Faso, Mali, Niger, Chad, northern Ni-
geria, Sudan, and Ethiopia. Surrounding coun-

tries have high-risk zones that abut the seven
countries of greatest concern.
The epidemics most often attack children and

youngadults,withdevastating results. Evenwith
rapid diagnosis and treatment, 5–10 percent of
patients die, typically within twenty-four to
forty-eight hours of symptom onset.2 As many
as a quarter of survivors are left with brain dam-
age, profound hearing loss, learning problems,
or other permanent disabilities.3 When the larg-
est epidemic ever recorded spread through the
region in 1996 and 1997, more than 250,000
people became ill, and 25,000 died.4 More than
a million African cases of meningitis have been
reported to the World Health Organization
(WHO) since 1988, based on the WHO’s Inte-
grated Disease Surveillance and Response data.
Bacteria belonging to the meningococcal fam-

ily cause virtually all meningitis epidemics.
Meningococci are carried at the back of the
throat or nose and spread through the exchange
of nasal and throat secretions during close or
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intimate contact. Althoughmost of the “carriers”
remain healthy and do not develop the disease,
in some cases the bacteria overcome the defense
mechanisms of the immune system, invade the
body, and cause serious illness. African epidem-
ics occur annually during the dry season (Janu-
ary toMay) and endwith the first rains. Inmajor
epidemics asmany as one in one hundredpeople
fall ill in some communities.3

Effects Of Epidemics On Individuals
And Communities
Without antibiotic therapy, the fatality rate for
meningococcal meningitis can soar. Those for-
tunate enough to get to well-stocked health
centers face their own challenges: Families must
spend days away from home, often sleeping out-
doors; work days are lost; fields go untended;
and food and medicine must be purchased with
scarce resources.

When medicine, nursing care, transportation
to health services, lost wages, and other direct
and indirect costs are tallied, a single case of
meningitismay cost a Burkina Faso family about
$90—the equivalent of three to four months’ in-
come.5 Families without resourcesmay be forced
to sell their few possessions, which contributes
to adownward cycle toward ever-greater poverty.
Epidemics also have profound negative effects

on health systems. Responding to an epidemic
supersedes all other health-related activities be-
cause frightened people—even the uninfected—
demand care. Routine services cease at health
centers. Campaigns to provide polio, measles,
or yellow fever immunizations and other special
programs are often delayed or postponed.6

Management Of Epidemics
In the past, countries have immunized commun-
ities after the onset ofmeningitis epidemics with

Exhibit 1
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the use of so-called polysaccharide vaccines.
These vaccines are made from the outer coating
ofmeningococci bacteria, which are largely com-
posed of sugar molecules. Although these poly-
saccharide vaccines canpreventmeningitis, they
have several shortcomings: They protect the vac-
cinated for only two to three years, do not work
well in infants and toddlers under two years of
age, and do not block transmission of the organ-
ism from person to person.7 Moreover, the poly-
saccharide vaccines are typically in limited sup-
ply, and it is difficult topredictwhichvaccinewill
be needed, how much of it, and when.
Because the vaccine must usually be shipped

long distances, getting vaccine to epidemic sites
takes time. Often, limited quantities of poly-
saccharide vaccine arrive too late to do much
good. Mass vaccination campaigns in one coun-
try reacting to an epidemic outbreak in 1996–97,
for example, led to a modest 23 percent reduc-
tion in the number of cases and an 18 percent
reduction in deaths.8

The costs of mounting immunization cam-
paigns in reaction to outbreaks are substantial.
In 2007, for example, the cost to Burkina Faso
for managing that year’s epidemic was US
$9.43 million—5 percent of the country’s total
health care budget.9 Also, because polysaccha-
ride vaccines have not eliminated epidemics,
countriesmust cope with the challenges of fund-
ing repeated reactive campaigns.
During the 2000 meningitis season, seven

sub-Saharan countries and their donors spent
US$60 million to purchase polysaccharide vac-
cine because of epidemics. Operational and
other ancillary costs brought the total cost to
about US$160 million.10 These large expendi-
tures to combat meningitis epidemics have
strained the health budgets of many countries
in the meningitis belt.6,9,11

Development Of A New Conjugate
Vaccine
After the epidemic of 1996–97, African leaders
turned to the WHO for help in solving the prob-
lem of epidemic meningitis. The WHO brought
together global health leaders to discuss devel-
oping a new, more potent vaccine that could be
used preventively and provide long-lasting pro-
tection against epidemic meningitis in Africa.
Previous research had shown that chemically

linking (conjugating) a protein, such as diphthe-
ria or tetanus toxoid, to a polysaccharide antigen
results in a vaccine that is more powerful and
capable of providing longer-lasting protection.12

This technique had previously been used to de-
velop several meningococcal vaccines as well as
vaccines against Haemophilus influenzae type B

(a serious childhood disease that could cause
meningitis or pneumonia) and pneumococcal
infections.13,14 Conjugate vaccines have largely
eliminated Group C meningococcal meningitis
in the United Kingdom, Canada, Ireland, Spain,
the Netherlands, and other developed countries
since they entered the market in 1999.15,16

In 2000 health experts from Africa and
Eastern Mediterranean countries, multilateral
organizations, vaccine manufacturers, and the
scientific community concluded that developing
a low-cost conjugate vaccine to fight Group A
meningitis epidemics was not only possible
but desirable. A year later the Bill & Melinda
Gates Foundation provided a ten-year grant to
establish the Meningitis Vaccine Project, a part-
nership between the WHO and the Program for
Appropriate Technology in Health (PATH), a
Seattle-based nongovernmental organization,
to lead development, testing, licensure, and
widespread introduction of a conjugate vaccine
that could eliminate epidemic meningitis attrib-
utable to the Group A meningococcus.

Ensuring Affordability
In 2001, Meningitis Vaccine Project staff met
withAfricanpublic healthofficials, and theques-
tionof cost camequickly to the forefront. “Please
don’t give us a vaccine that we can’t afford,” said
Hassane Adamou, secretary general of Niger’s
Ministry of Health. “That’s worse than no vac-
cine” (personal communication with Marc
LaForce, 2002 Nov). To be sustainable in the
countries where it would be used, the health
officials said, the vaccine had to be affordable,
which they defined in 2002 as costing less than
US$0.50 per dose. As the Meningitis Vaccine
Project team met with pharmaceutical compa-
nies to discuss developing a new vaccine for
Africa, it became apparent that none of the firms
in the developed world could produce the vac-
cine at the desired cost. The team began explor-
ing alternatives.
Through a partnershipwith the Center for Bio-

logics Evaluation and Research at the US Food
andDrug Administration, the project team iden-
tified a new method for making conjugate vac-
cine. The technology was transferred at essen-
tially no cost to the Serum Institute of India, a
vaccinemanufacturerwith facilities in Pune. The
institute agreed to produce the vaccine at an
initial price of US$0.40 per dose, with future
price increases tied to inflationary pressures.
The Meningitis Vaccine Project also partnered
with SynCo Bio Partners, a contract manufac-
turer in Amsterdam, to obtain a supply of puri-
fied capsular sugar (a polysaccharide) from
Group A meningococci.
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Clinical Trials And Regulatory
Approvals
The project team conducted clinical trials in In-
dia and in meningitis-belt countries to test the
vaccine’s safety and efficacy while strengthening
countries’ capacity to host clinical trials. African
scientists contributed to the design of study pro-
tocols and conducted trials in Mali, the Gambia,
and Senegal. A Ghanaian study in infants is
ongoing.17

Clinical trials confirmed that the new conju-
gate vaccinewas safe and led to levels of antibody
in the blood that were almost twenty times
higher than levels obtained with the polysaccha-
ride vaccine used in reactive immunization cam-
paigns.18,19 By 2009 the Serum Institute of India
had sufficient data from five clinical trials to
submit the vaccine dossier to the Drugs Control-
ler General of India for Indian licensure and to
the WHO for prequalification for use in Africa.
Throughprequalification, theWHO licenses vac-
cines destined for UN agencies such as UNICEF
for use in national immunization programs. In
June 2010 the WHO prequalified the vaccine for
use inpeople ages 1–29.Regulatory approval and
WHO qualification of the vaccine for use in in-
fants is anticipated in 2014.
Advantages of the new conjugate vaccine,

calledMenAfriVac, include the following: amore
robust immune response against Group A
meningococcus than seen with polysaccharide
vaccines; the potential of long-lasting immunity
after a single dose; the potential for safe and
efficacious use among very young children when
compared to responses to the previously used
polysaccharide vaccine; potential for community
(herd) immunity, as was noted after introduc-
tion of Group C meningitis conjugate vaccine in
the United Kingdom and other European coun-
tries; and a cost of less than US$0.50 per dose, a
price than would allow for sustained use of the
vaccine to protect birth cohorts. Because of the
project’s unique product development partner-
ships, discussed in a companion article in this
issue of Health Affairs,20 MenAfriVac was devel-
oped at less than one-fifth the $500 million it
typically costs to bring a new vaccine to market.

Preparing For Introduction
In September 2008 African ministers of health
from meningitis-belt countries signed the
Yaounde Declaration,21 which committed them
to financially support fast-track introduction of
the new meningococcal vaccine, strengthen
meningitis surveillance, and improve informa-
tion sharing across borders to enhance the re-
gion’s response to epidemic meningitis. To pre-
pare for vaccine introduction, the WHO worked

to build countries’ ability to integrate the new
vaccine into their immunization programs. The
WHO also led efforts to strengthen disease sur-
veillance and to increase laboratory capacity to
provide up-to-date information about meningi-
tis outbreaks. An online e-learning tool for im-
munization managers in developing countries
offered comprehensive, interactive information
on meningococcal meningitis and the new
vaccine.22

Three large pharmacovigilance studies were
done in Mali, Burkina Faso, and Niger (about
1.2 million people) in September 2010.23 Data
from these studies were reviewed by national
committees and presented to theWHO’s Vaccine
Safety Committee, which concluded that the new
vaccine was safe and could be used in national
campaigns.
Introduction of the new vaccine will use two

strategies with different funding. The first strat-
egy is an initial vaccination campaign of people
ages 1–29 (about 70 percent of the total popula-
tion in these countries) to rapidly establish herd
immunity. Because of the size of this effort, sup-
port from donor agencies such as the GAVI Alli-
ance (formerly known as the Global Alliance for
Vaccines and Immunization) has always been
part of the introduction plan.
Once these initial campaigns have been com-

pleted, countries will face the challenge of fund-
ing sustained use of the new vaccine to protect
the next generations of newborns. At this stage
of introduction, having an affordable vaccine
price will be crucial.
GAVI is not intended to support ongoing fund-

ing for the new vaccine after the initial catch-up
campaign. Country-specific funds using bilateral
and country resources will need to support on-
going use of the vaccine, as reflected in the
Yaounde Declaration. As noted above, regula-
tory approval to use the vaccine in infants may
come as early as 2014. In countries with high
rates of routine immunization, the new vaccine
could be incorporated into the existing routine
immunization calendar. In countries with low
rates of routine immunization, follow-up
single-dose campaigns targeting young children
could be organized every five years.

Launch Of Mass Immunization
Campaigns In Three Countries
The WHO and its partners developed a method-
ology to sequence the introduction of the vac-
cine. Countries were categorized according to
case burden of disease, epidemic risk, and other
factors. The first countries targeted for introduc-
tionwereBurkinaFaso,Niger, andMali, because
of their continuous high rates of incidence
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of meningitis A (a condition known as “hyper-
endemic”). To introduce the vaccine in these
three countries, the GAVI Alliance provided
US$29.5million for vaccine purchase, planning,
equipment, mass campaigns, training, and
evaluation. UNICEF procured and supplied the
new vaccine and facilitated its introduction.
In Burkina Faso, countrywide immunization

campaigns with MenAfriVac began on Decem-
ber 6, 2010. Under the guidance of the Ministry
of Health, 2,710 vaccination teams were de-
ployed to immunize about elevenmillionpeople,
starting with schoolchildren, in only ten days.
On December 10, Niger launched a ten-day

vaccination campaign in ten of forty-two health
districts. Almost three million people were vac-
cinatedby5,000 staff. AndonDecember 16,Mali
launched a similar two-week campaign in
twenty-one health districts, during which
4.5 million Malians received the vaccine. By
the end of 2010, vaccination had reached
19.5 million people in the three countries.24

The Meningitis Vaccine Project and its part-
ners are working to assess the impact of mass
immunization campaigns in the first introduc-
tion countries. Measuring impact is essential to
show that the new vaccine works as expected;
that its use saves money compared to costly
emergency vaccination campaigns; and that
funds given for the first introduction have been
used to reach the target population and to reduce
disease burden. Specific goals of the assessment
include the following: accurately determining
coverage rates; monitoring any adverse events
following immunization; conducting case-based
surveillancebefore andafter introduction; deter-
mining the effect on carriage of Group A and
other meningococcal strains; and conducting
case-control studies to determine effectiveness.

Rolling Out The Vaccine To Other
Countries
Using health data, input from stakeholders, and
assessments of country readiness, the WHO has
developed a preliminary plan for rolling out the
conjugate vaccine to other countries in the men-
ingitis belt (Exhibit 2). Countries, however, will
need toapprove and lead subsequent vaccination
campaigns. A review process will include WHO/
GAVI subcommittee review of country proposals
and a subsequent review by the International
Coordinating Group on Vaccine Provision for
Epidemic Meningitis Control, the group cur-
rently managing emergency meningococcal
polysaccharide vaccine stockpiles.25

For introduction to be successful, countries
must be prepared. Preparatory steps include a
detailed meningitis risk mapping exercise based

on historical epidemiological data. Defining risk
areas allows countries to estimate the target pop-
ulations more precisely and prioritize vaccina-
tion sites if phased introduction is required. Po-
tential sociocultural barriers and factors such as
elections, other vaccination campaigns for mea-
sles, yellow fever or polio may affect demand for
the vaccine and also need to be analyzed.
Additional preparation includes assessment of

countries’ needs related to vaccine storage, a
temperature-controlled supply chain of vaccines
to ensure viability and shelf life, social mobiliza-
tion and behavior-change communication,
waste management, and logistics; identification
of training needs; implementation of a system to
monitor for adverse events following vaccina-
tion; and the development of a surveillance strat-
egy thatwill includemeningitis case surveillance
with bacteriologic data.
Based on identified needs, countries will de-

velop detailed budgets for fund-raising activities
at national and international levels. Partner or-
ganizations will provide technical assistance. To
receive support for introduction from the GAVI
Alliance or other groups, countries must be
responsible for half of the operational costs of
mass vaccination campaigns with either in-kind
contributions or country-based financing.

Providing The Vaccine When And
Where Needed
Ensuring that MenAfriVac is available in suffi-
cient quantities when needed is a key issue af-
fecting vaccine introduction. Although it is likely
that the Serum Institute of India can provide up
to forty million doses of vaccine during 2011 and
as much as sixty million doses during 2012, or-
ders must be placed early enough each year to
ensure adequate time for vaccineproduction and
delivery for campaigns that are held from Octo-
ber through December.
Availability of funding is the biggest obstacle

to rapid vaccine rollout across the region. In
large vaccination campaigns in Burkina Faso,
Mali, and Niger, the cost per person vaccinated
is estimated at about US$1.40. This figure in-
cludes vaccine and injection material, as well
as operational and infrastructure costs. The esti-
mated cost for the preliminary rollout plan
for ten countries for the period 2011–2013 is
US$238 million, including US$63.8 million in
in-country financial commitments for operating
costs. This would cover a target population of
170 million. PATH and the WHO hope to bring
MenAfriVac to 250–300 million children and
young adults in all twenty-five countries of the
meningitis belt over the next five to ten years.6

In a 2008 investment case prepared for the
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GAVI Alliance, the total budget for immuniza-
tion across the meningitis belt was estimated
at $570 million over eight years, including in-
country contributions of $182 million and a re-
quest for support from the GAVI Alliance for
$370 million.6 The GAVI Alliance board has en-
dorsed this strategy and approved $84.5 million
for vaccination, although this included $55 mil-
lion for meningitis epidemic response.
Because GAVI funding is constrained by the

organization’s mission to support a broad range
of immunization interventions, the successful
rollout of MenAfriVac will depend on a robust
fund-raising strategy. Nonetheless, it is impor-
tant to emphasize that an important goal related
to theaffordability of thenewvaccine is to ensure
individual countries’ responsibility for protect-
ing newborn cohorts after the large GAVI-
supported campaigns have been completed.

The Case For Investing In
Introduction Of The New Vaccine
The potential benefits of introducing MenAfri-
Vac across the meningitis belt are enormous,

both in reducing mortality and morbidity and
in reducing costs associatedwithmeningitis epi-
demics.
Using data from a population-based study in

Niger,26 the Meningitis Vaccine Project team de-
veloped a Group A meningococcus disease bur-
den model for a hypothetical hyperendemic
country in the meningitis belt with a population
of twelvemillion.10 Themodel is based on a num-
ber of reasonable assumptions and suggests that
preventive use of MenAfriVac—compared to re-
active use of polysaccharide vaccines—would
prevent approximately 59,000 cases of meningi-
tis, 7,100 deaths, and 14,200 permanent disabil-
ities over ten years. These estimates presuppose
that reactive use of polysaccharide vaccine re-
duces the number of cases by roughly 23 per-
cent.10 Over the entire hyperendemic region
(Burkina Faso, Mali, Niger, Chad, northern Ni-
geria, Sudan, and Ethiopia) with a population of
about 240 million, use of the conjugate vaccine
over a decade is estimated to prevent about
142,000 deaths and 284,000 permanent dis-
abilities.
Until recently,meningitis outbreakswere con-

Exhibit 2

World Health Organization Proposed Rollout Plan For Meningococcal Conjugate Vaccine In Meningitis-Belt Countries After
Initial Introduction In Burkina Faso, Niger, And Mali, 2011–16

Country 2011 2012 2013 2014 2015 2016

Nigeria • • •

Chad •

North Sudan •

Ghana • •

Benin •

Ethiopia • •

Cameroon • •

Democratic Republic of the Congo • •

South Sudan • •

Senegal • •

Côte d’Ivoire • •

Togo •

Uganda •

Guinea •

The Gambia •

Central African Republic •

Eritrea •

Kenya •

Burundi •

Guinea-Bissau •

Mauritania •

Rwanda •

Tanzania •

SOURCE World Health Organization.
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trolledwith reactive vaccination campaigns; that
is, campaignswere launchedonce epidemics had
been recognized. The project team also devel-
oped cost estimates for introduction of Men-
AfriVac and compared these to the costs of re-
active vaccinations (those done in response to an
epidemic) over time. The team further consid-
ered potential savings in health care and labora-
tory costs associatedwith the introduction of the
longer-lasting conjugate vaccine. The analysis
shows major long-term cost savings associated
with use of MenAfriVac to prevent epidemics in
hyperendemic areas, even without including
economic benefits from decreased deaths and
disability. Most of the savings are associated
with switching from a polysaccharide vaccine,
which is less effective and must be given repeat-
edly, to a more potent conjugate vaccine that is
effective for ten years or more. The analysis
strongly suggests that conjugate vaccine intro-
duction strategies are cost-effective and that the
vaccine should be introduced into hyperendemic

countries as soon as possible.
Exhibit 3 shows estimated costs for introduc-

ing MenAfriVac in seven hyperendemic coun-
tries over a ten-year period. Exhibit 4 shows
potential savings from introduction of the con-
jugate vaccine—savings attributable mostly to
eliminating the need for repeated purchase
and administration of polysaccharide vaccine.
The analysis suggests that widespread use of
the conjugate vaccine could save $350 million
or more over a decade.
An important caveat should be noted in artic-

ulating “savings” that accrue fromno longerpur-
chasing polysaccharide vaccine. Over the past
twenty years, vaccine purchases in hyper-
endemic countries usually took place after the
onset of a meningitis epidemic. Donations or
purchases of vaccine occurred under urgent con-
ditions. The introduction of the new meningo-
coccal A conjugate vaccine will occur as a
planned public health initiative, in the absence
of an epidemic. Under such conditions, itmay be

Exhibit 3

Estimated Costs For Introduction Of MenAfriVac Under Four Different Strategies In Chad, Niger, Mali, Burkina Faso, Sudan,
Ethiopia, And The Nine Northern States Of Nigeria (Hyperendemic Region), 2010–19

Strategy

Cost for introduction for
country of 12 million
population

Projected cost for
hyperendemic region of
240 million population

Men A conjugate vaccine catch-up (ages 1–29 years)
plus 1 dose conjugate vaccine at 9–12 monthsa

$12.1 million $242 million

Men A conjugate vaccine catch-up (ages 1–29 years)
plus 2 doses conjugate at 14 weeks and
9–12 months a

$14.7 million $294 million

Men A conjugate vaccine catch-up (ages 1–29 years)
plus 2 follow-up campaigns (ages 1–4) in years 6
and 11

$15.1 million $302 million

SOURCE Note 10 in text. NOTE Figures are US dollars. aA one-dose schedule (age 9–12 months) and a two-dose schedule (ages 14 weeks
and 9–12 months) are being evaluated in ongoing clinical trials.

Exhibit 4

Potential Savings From Introduction Of MenAfriVac In Chad, Niger, Mali, Burkina Faso, Sudan, Ethiopia, And The Nine
Northern States Of Nigeria (Hyperendemic Region), 2010–19

Category
Projected savings for country of
12 million population

Projected savings for hyperendemic region of
240 million population

Health care $2.8 million $56 million
Laboratory $0.24 million $4.8 million

Polysaccharide vaccine
purchases

$15.9 million $318 million

Polysaccharide vaccine
administration

$13.9 million $278 million

Total potential savings $32.84 million $656.8 million

SOURCE Note 10 in text. NOTE Figures are US dollars.
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more difficult to identify donor support for a
conjugate vaccine to be given preventively.
Cost and savings calculations for introducing

MenAfriVac in lower-risk meningitis-belt coun-
tries (such as Ghana and Côte d’Ivoire) are more
uncertain than those in high-risk countries
(such as Burkina Faso and Nigeria). The inad-
equacy of disease incidence and bacteriologic
data makes it difficult to create accurate models
for assessing costs and savings associated with
introducing the conjugate vaccine.

Conclusion
An affordable, effective, long-lasting conjugate
vaccine against Group A meningococcus offers
extraordinary hope for wiping out epidemics of
group A meningococcal meningitis in sub-
Saharan Africa. A one-time investment to vacci-

nate populations throughout themeningitis belt
could savemore than 140,000 lives over the next
decade and spare another 280,000 people from
serious permanent disabilities, such as brain
damage and profound hearing loss.
The GAVI Alliance and other groups have al-

ready committed funds to support the new vac-
cine’s introduction in Burkina Faso, Niger, and
Mali.Yet the full promise of the vaccine to elimi-
nate epidemic meningitis from sub-Saharan
Africa can be realized only with an estimated
US$475 million in additional funding. This pro-
vides an excellent opportunity for policy makers
and donors to contribute to a momentous suc-
cess in collaborative work to improve global
health. The low cost of the vaccine will allow
countries to sustain its use to protect newborn
cohorts. ▪
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