
Preparedness for Infectious Threats

Supplement 1, 2007, Vol 97, No. S1 | American Journal of Public Health Nelson et al. | Peer Reviewed | Health Policy and Ethics | S15

 HEALTH POLICY AND ETHICS 

Public–Private Partnership to Develop an Affordable 
Vaccine for an Emergent Threat: The Trivalent 
Neisseria meningitidis ACW135 Polysaccharide Vaccine
| Christopher B. Nelson, PhD, MPH, Maureen Birmingham, DVM, MPH, Alejandro Costa, MSc, Joelle Daviaud, PhD, DEA, PharmD, William Perea, MD,

MPH, Marie-Paule Kieny, PhD, and Daniel Tarantola, MD

With the emergence of epi-
demic Neisseria meningitidis
W135 meningitis in Burkina
Faso during early 2002, the
public health community was
faced with the challenge of
providing access to an appro-
priate and affordable vaccine
in time for the upcoming 2003
epidemic season.

Recognizing the implications
of the emergent threat, the
World Health Organization de-
veloped a strategy, established
a public–private partnership to
provide the needed vaccine,
and then ensured that a stock-
pile was available for future use.

The trivalent N meningitidis
ACW135 polysaccharide vac-
cine that resulted is now one of
the primary tools for epidemic
response in African meningi-
tis belt countries. It will remain
so for the foreseeable future
and until appropriate and af-
fordable conjugate vaccines
become part of national im-
munization programs in the
region. (Am J Public Health.
2007;97:S15–S22. doi:10.2105/
AJPH.2005.075085)

DURING 2000 AND 2001, AN
unusually high number of Neisseria

meningitidis W135 meningitis
cases were confirmed among
Hajj and Umra pilgrims and their
contacts.1–3 This coincided with
a high number of N meningitidis
W135 meningitis cases being
confirmed in Burkina Faso and
other African meningitis belt
countries (countries located in
the semi-arid region of sub-
Saharan Africa stretching from
Senegal to Ethiopia and subject
to seasonal meningitis epidemics
between November and June;
Figure 1) toward the end of the
2000–2001 epidemic season
(October 2000 to June 2001).4-10

In response, the World Health
Organization (WHO) and its part-
ners reiterated recommendations
for the vaccination of pilgrims
and chemoprophylaxis for case
contacts and worked to reinforce
meningococcal disease surveil-
lance, especially in African men-
ingitis belt countries.

In January 2002, the first dis-
trictwide meningitis epidemic of
the season was detected in Burk-
ina Faso, an African meningitis
belt country. By the end of Feb-
ruary, 5 epidemic districts had

been identified, and reinforced
surveillance confirmed an excep-
tionally high proportion of N
meningitidis W135 cases (87%).11,12

The epidemic later spread to 29
of 53 districts, placing more
than 7 million persons at risk of
disease. During the 2001–2002
epidemic season, a total of
13735 meningitis cases and
1640 deaths were reported in
Burkina Faso with 73% of cases
being reported in just 8 weeks
during March and April. At the
peak of the epidemic, 2172
meningitis cases and 220
deaths were reported to the
Ministry of Health in 1 week
(week 14; Figure 2).13

In Africa, the WHO recom-
mends effective surveillance for
the early detection and confirma-
tion of meningitis epidemics
linked to a response strategy tar-
geted at reducing mortality (pro-
vision of antibiotics) and limiting
the emergence of disease (mass
vaccination, historically with a
bivalent polysaccharide vaccine
specific for N meningitidis A and
C).14,15 Although sporadic cases of
N meningitidis W135 meningitis

are common in African meningi-
tis belt countries,16—23 the over-
whelming predominance of
N meningitidis W135 among
confirmed cases together with
the magnitude of the 2002 men-
ingitis epidemic in Burkina Faso
posed a new challenge to epi-
demic management in the region.

WHO RESPONSE AND
STRATEGY

As the N meningitidis W135
meningitis epidemic developed
in the first quarter of 2002, the
WHO and its partners were quick
to recognize the limitations of
the existing strategy. In particular,
sufficient stocks of an affordable
meningococcal vaccine that in-
cluded an N meningitidis W135
component were not available for
mass vaccination campaigns. Their
immediate response focused on 3
areas: (1) the early detection and
laboratory confirmation of menin-
gitis cases, (2) the provision of an-
tibiotics (oily chloramphenicol) at
no cost to patients or their family,
and (3) the implementation of
mass vaccination campaigns using
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Source. World Health Organization.55

FIGURE 1—Annual meningitis attack rates by country: 1995 to 2003.

either bivalent N meningitidis AC
polysaccharide vaccine or avail-
able stocks of tetravalent N menin-
gitidis ACYW135 polysaccharide
vaccine.

Looking to the future, the
WHO and others recognized that
stocks of an affordable N menin-
gitidis W135 containing menin-
gococcal vaccine had to be se-
cured in time for the upcoming
2002–2003 epidemic season,
just 6 months away. With this
in mind, the WHO launched a
review of currently available 

meningococcal vaccines and those
in the development pipeline.

Although several manufacturers
were producing meningococcal
vaccines, at that time only Glaxo-
SmithKline Biologicals (Rixensart,
Belgium) and Aventis Pasteur
(now Sanofi Pasteur, Lyon, France)
had licensed a meningococcal
vaccine with an N meningitidis
W135 component, a tetravalent
N meningitidis ACYW135 poly-
saccharide vaccine. The Glaxo-
SmithKline Biologicals vaccine
was targeted at Hajj and Umra

pilgrims and others at risk and, as
such, was available across Europe,
Africa, the Middle East, and parts
of Asia.24 The Aventis Pasteur
vaccine was targeted at adoles-
cents and adults in the United
States but was not registered for
use in other countries.

Discussion with these manu-
facturers revealed that tetrava-
lent polysaccharide vaccine
prices were too high to be afford-
able for mass vaccination cam-
paigns in African meningitis belt
countries. Moreover, there were

insufficient stocks of tetravalent
polysaccharide vaccine for these
campaigns, and neither manufac-
turer reported sufficient capacity
at existing facilities to scale up
production quickly. Furthermore,
without a robust demand fore-
cast backed by advance purchase
commitments, there was little in-
centive for these manufacturers
to invest in additional capacity.

As an alternative, the availabil-
ity of conjugate meningococcal
vaccines was investigated.25,26

The findings were disappointing.
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Source. World Health Organization Multi-disease Surveillance Center, Ouagadougou, Burkina Faso, unpublished data, 2004.

FIGURE 2—Meningitis surveillance data for weekly reported meningitis cases per 100000 population from Burkina Faso, Niger, and Mali for
2001–2003.

Although tetravalent N meningi-
tidis ACYW135 conjugate vac-
cines were under development by
at least 2 manufacturers, they
were not yet licensed and were
expected to be relatively expen-
sive when made available. In addi-
tion to these established manufac-
turers, the Meningitis Vaccine
Project, a partnership between
WHO and the Program for Ap-
propriate Technology in Health
that was developing an N meningi-
tidis A conjugate vaccine for use
in sub-Saharan Africa, was con-
sulted. However, the Meningitis

Vaccine Project reviewed the
situation and concluded that the
situation did not justify a change in
their vaccine development strategy.

Toward the end of the second
quarter of 2002, the WHO re-
viewed the situation and orga-
nized its vaccine procurement
strategies into those for the short
term (i.e., the upcoming 2002–
2003 and the following 2 epi-
demic seasons) and those for
the long term (i.e., 2005–2006
and beyond). These strategies
took into account the high like-
lihood of continuing seasonal

N meningitidis A meningitis epi-
demics, as well as the risk of a
continuing or expanding N menin-
gitidis W135 epidemic with the
possibility that N meningitidis
W135 could gradually replace
N meningitidis A in the future.

After considerable consulta-
tion, it was decided the short-
term vaccine procurement strat-
egy should focus on facilitating
access to appropriate vaccines
that were already licensed (i.e.,
the tetravalent polysaccharide
vaccines), and the long-term
strategy would focus on gaining

access to the conjugate N menin-
gitidis W135 containing vaccines
that were under development.

As discussions with tetravalent
polysaccharide vaccine manufac-
turers continued, it became in-
creasingly apparent that already
licensed N meningitidis W135
containing vaccines could not be
made available. Consequently,
the WHO began to discuss ap-
propriate alternatives, such as 
a monovalent N meningitidis
W135 or a trivalent N meningi-
tidis ACW135 polysaccharide
vaccine.
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BKey Issues Affecting Access to Meningococcal
Vaccines

• Appropriate formulation and presentation
• Robust demand forecasting 
• Production capacity
• Purchase precommitment, price, financing
• Licensure 
• WHO prequalification for purchase through UNICEF 
• Registration in the country of use

Discussions covered a range of
issues including the implications
of excluding vaccine components
found in the tetravalent formula-
tion. The conclusion was that
epidemiologic evidence from 
African meningitis belt countries
clearly supported the need for 
N meningitidis A, C, and W135
components but not the 
Y component. The implications
were that either a monovalent
W135 vaccine would have to be
developed for use with a biva-
lent AC vaccine as part of a 2-
injection strategy or a new triva-
lent ACW135 vaccine would
have to be developed.

Other discussions also favored
a trivalent vaccine. National reg-
ulatory authorities indicated that
because of its similarity to the
bivalent and tetravalent vac-
cines, trivalent vaccine licensure
would be less complex than
would that for the monovalent
vaccine. The monovalent vaccine
would likely require prelicensure
trials to evaluate performance
when administered at the same
time as bivalent vaccine. In ad-
dition, early feedback from man-
ufacturers was supportive of a
trivalent vaccine.

FACILITATING ACCESS 
TO THE APPROPRIATE
VACCINE

As the WHO gained a better
understanding of which vac-
cine would be most appropri-
ate, it also moved to develop 
a comprehensive strategy for
making this vaccine available
to African meningitis belt
countries. This strategy ad-
dressed the following issues:

demand forecasting; produc-
tion capacity; establishment of
a guaranteed market for the
vaccine through the simultane-
ous negotiation of purchase
precommitment, price, and fi-
nancing; licensure; WHO pre-
qualification for purchase
through UNICEF; and registra-
tion in the country of use (see
the box on this page).

Given its proven success,
WHO’s first step was to work
with the International Coordi-
nating Group (ICG) on Vaccine
Provision for Epidemic Meningi-
tis Control27 to plan for a re-
gional vaccine stockpile. The
ICG had been established in
response to the West African
meningococcal epidemic of
1995–1997 and used purchase
precommitments to establish re-
gional stockpiles of bivalent N
meningitidis AC polysaccharide
vaccine, oily chloramphenicol,
and other materials.

After this, the demand fore-
casting, price per dose, and fi-
nancing could be addressed.
The price of a meningococcal
vaccine for epidemic response
had already been considered 
in WHO consultations during
2001, and the consensus was
that countries and international
donors would not tolerate a

price higher than US $1 per
dose.28 These consultations also
indicated that a stockpile for use
in African meningitis belt coun-
tries should be no smaller than
3 million doses, although sce-
narios for the spread of the epi-
demic to neighboring countries
indicated that 7 million doses
would be needed and even
more if populations in northern
Nigeria or other regions were
affected. With this in mind,
WHO sought financing for 7
million doses of vaccine at a tar-
get price of US $1 per dose.

To secure financing, donors
who traditionally supported mass
reactive vaccination campaigns
in the African meningitis belt
were approached first. However,
it soon became apparent that
their support was targeted at
emergency humanitarian assis-
tance and could be made avail-
able only after an epidemic had
been detected. This setback
forced the WHO to look to other
funding sources, including gov-
ernments and organizations with
a preventive view and those with
specific interest in providing ac-
cess to vaccines. The result of
this effort was an expression of
interest from the Bill and Melinda
Gates Foundation (www.
gatesfoundation.org).

A CALL TO ACTION

By the third quarter of 2002,
the results of enhanced surveil-
lance activities in African men-
ingitis belt countries were being
used to plan for the upcoming
epidemic season. The region’s
health officials were increas-
ingly concerned by the threat
posed by the emergence of
epidemic N meningitidis W135
disease. Country representatives
and others called for action at a
WHO technical consultation
held in Ouagadougou, Burkina
Faso, with African meningitis
belt countries, the international
community, and the ICG in
September 2002. Regional
health officials wanted to en-
sure that an affordable W135-
containing meningococcal vac-
cine would be available in time
for the 2003 epidemic sea-
son.29,30 At the same time, vac-
cine manufacturers warned that
without an immediate purchase
precommitment backed by fi-
nancing, it was increasingly un-
likely that sufficient supplies of
an appropriate vaccine could be
provided.

By October 2002, WHO was
in a position to seek recommen-
dations for a short-term strategy.
To facilitate this, an expert panel
was convened by teleconference
that included representatives
from WHO’s African regional of-
fice, as well as nongovernmental
organizations working in African
meningitis belt countries, ICG
representatives, national regula-
tory agencies, procurement agen-
cies, and scientists specializing in
meningococcal disease and me-
ningococcal vaccines.
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Three key questions were ad-
dressed. First, recognizing the
emergent threat of N meningitidis
W135 meningitis in African
meningitis belt countries and the
issues related to use of a vaccine
in mass vaccination campaigns,
which vaccine would be most
appropriate in the short term:
monovalent, trivalent, or tetrava-
lent polysaccharide vaccine? Sec-
ond, recognizing the humanitar-
ian need to make available an
appropriate vaccine for epidemic
response as soon as possible,
what would be the requirements
for licensure and subsequent use
of the recommended vaccine
during 2003? Third, what plans
should be made to ensure the
availability of the recommended
vaccine until appropriate new
generation conjugate meningo-
coccal vaccines can be used for
disease prevention in African
meningitis belt countries?

After extensive discussion, the
panel recommended a short-term
strategy of pursuing the develop-
ment and licensure of a trivalent
N meningitidis ACW135 polysac-
charide vaccine, because it of-
fered the needed range of protec-
tion, was operationally feasible,
and was likely to be licensed
without additional preclinical
data or delay. WHO communi-
cated this recommendation to
vaccine manufacturers and in-
formed them that progress had
been made toward financing an
initial vaccine stockpile.

GlaxoSmithKline Biologicals
responded favorably. It offered
to produce a trivalent N meningi-
tidis ACW135 polysaccharide
vaccine with the stipulation that it
be used exclusively for epidemic

response in African meningitis
belt countries. Because of limita-
tions with production capacity,
its proposal focused on releasing
2 million doses by February
2003 to address any immediate
need and an additional 3 million
doses later in the year for a
stockpile.

Additional discussion on the
terms of licensure for the triva-
lent polysaccharide vaccine was
promising. Belgian regulatory au-
thorities indicated that full licen-
sure within the short timeframe
was feasible, because extensive
experience with the already li-
censed bivalent and tetravalent
polysaccharide vaccines from
GlaxoSmithKline Biologicals
showed them to be safe and ef-
fective. With this, full licensure
and export authorization in time
for the 2002–2003 epidemic
season seemed possible.

Even with this, the WHO ex-
pert panel recommended that it
would be good public health
practice to evaluate the safety
and effectiveness of the trivalent
vaccine in the context of a mass
vaccination campaign, as well as
its immunogenicity and reacto-
genicity. Belgian regulatory au-
thorities agreed. In response,
GlaxoSmithKline Biologicals of-
fered the initial trivalent vaccine
doses for epidemic response in
2003 and the impact assessment
activities at 1 euro per dose at a
time when the exchange rate
was 1 euro=US$1.10.

FOLLOW THROUGH

With this breakthrough, the
WHO established a partner-
ship with GlaxoSmithKline 

Biologicals focused on the pro-
duction of a trivalent ACW135
polysaccharide vaccine. Finan-
cial support for the purchase 
of the initial trivalent vaccine
doses and the impact assess-
ment activities was provided
by the Bill and Melinda Gates
Foundation.

From that point, the project
moved ahead quickly. In De-
cember 2002, the Belgian na-
tional regulatory authority
began its review of the trivalent
vaccine dossier. In mid-January
2003, marketing authorization
for the trivalent vaccine was
granted by the Belgian national
regulatory, conditioned on the
postlicensure evaluation of vac-
cine safety, effectiveness, im-
munogenicity, and reactogenic-
ity. In late January 2003, the
first 3 lots of trivalent vaccine
were released by the Belgian
national control laboratory. In
early February 2003, the na-
tional regulatory authorities of
meningitis belt countries were
contacted, and filing for licen-
sure was initiated. In mid-
February 2003, Burkina Faso
issued a 5-year license for use
of the trivalent vaccine in mass
vaccination campaigns, and ap-
provals from other countries
followed soon afterward. In
September 2003, after an ini-
tial commitment of 1 million
euro by Médecins Sans Fron-
tières31 and an appeal from
WHO and the ICG members,32

a 6-million dose trivalent vac-
cine stockpile was established.33

In mid-2005, the trivalent vac-
cine was prequalified by the
WHO for purchase through
UNICEF.34

THE 2002–2003
EPIDEMIC SEASON

Given the heightened sense of
concern, in preparation for the
2002–2003 epidemic season,
national surveillance systems in
African meningitis belt countries
were reinforced with specific at-
tention to the laboratory confir-
mation of reported meningitis
cases. In addition, a regional sur-
veillance team was established to
support national activities and
to distribute a weekly regional
surveillance report that summa-
rized epidemic activity, the re-
sponsible pathogens, and the
status of response activities.35

As the 2003 epidemic season
got under way, surveillance offi-
cers in Burkina Faso became in-
creasingly concerned because the
initial weekly disease rates were
higher than in the 2000–2001
or even 2001–2002 seasons
(Figure 2). Although the first
district to report epidemic men-
ingitis did not confirm any N
meningitidis W135 disease, the
subsequent emergence of a
mixed N meningitidis W135 and
N meningitidis A meningitis epi-
demic in 1 district triggered mass
vaccination campaigns using na-
tional stocks of tetravalent vac-
cine. At the same time, the Min-
istry of Health made an appeal
to the ICG for trivalent vaccine
in support of additional vaccina-
tion campaigns.

By the end of February 2003,
1.5 million doses of trivalent vac-
cine had been used in mass vac-
cination campaigns. An addi-
tional 500000 doses would be
used starting in March. During
the 2003 epidemic season, a
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total of 2 million doses of triva-
lent vaccine were used in Burk-
ina Faso for mass vaccination
campaigns in 10 epidemic dis-
tricts with evidence of N meningi-
tidis W135 disease. As recom-
mended by the WHO, bivalent
N meningitidis AC polysaccharide
vaccine was used in the 1 epi-
demic district where there was
no evidence of N meningitidis
W135 disease.

TRIVALENT VACCINE
ASSESSMENT ACTIVITY
RESULTS

Preparations for the trivalent
vaccine postlicensure assessments
began in October 2002. These
included ensuring safe mass vac-
cination campaigns and surveil-
lance for adverse events after im-
munization during the campaigns.
Effectiveness was assessed in
coordination with the reinforced
meningitis surveillance activities
and the vaccination campaigns.
The immunogenicity assessment
was initiated in 2003.

The results of these postlicen-
sure assessments have shown the
trivalent vaccine to be safe, effec-
tive, and immunogenic. Regard-
ing safety,36 during the trivalent
mass vaccination campaigns in
Burkina Faso, rates of adverse
events after immunization (5.8
total adverse events after immu-
nization cases and 1.5 serious
adverse events after immuniza-
tion cases per 100000 doses dis-
tributed) were shown to be com-
parable to or less than those of
mass vaccination campaigns in
other countries where meningo-
coccal polysaccharide vaccines
have been used.37,38

Effectiveness39 against N
meningitidis A or N meningitidis
W135 was 84% (95% confi-
dence interval=32, 97; P=.01)
and against N meningitidis A
alone was 94% (95% confidence
interval=59, 99; P<.01). There
were insufficient cases to assess
effectiveness against N meningi-
tidis W135 alone.

Immunogenicity40-42 and reac-
togenicity were assessed in north-
ern Ghana among adolescents and
adults 15 to 34 years of age in a
noninferiority trial. Vaccine re-
sponse did not differ significantly
between the 2 groups through
23 months of follow-up. Results
among young children aged 2 to
14 years living in Ethiopia are
expected in late 2006.

FUTURE REGULATORY
ISSUES

Soon after the trivalent vac-
cine was granted a 5-year mar-
keting authorization by the Bel-
gian regulatory authorities on
January 22, 2003, the European
regulatory environment changed
dramatically. In May 2004, new
European pharmaceutical legisla-
tion was published that categori-
cally excluded licensure of vac-
cines and medicinal products
used exclusively outside the Eu-
ropean Union community.43 The
new legislation generated consid-
erable concern, because product
licensure would then become the
responsibility of receiving coun-
try national regulatory authori-
ties, and in many cases, these na-
tional regulatory authorities are
heavily dependent on licensure
in the country of origin to ensure
quality.

To ensure that there was no dis-
ruption in the supply of vaccines
and medicinal products important
for developing countries and that
there is no disincentive for the
timely discovery and develop-
ment of these products during the
development of the new policy,
the WHO consulted with the
European Commission, the Euro-
pean Medicines Agency, and the
European Federation of Pharma-
ceutical Industries and Associa-
tions. The result was article 58 of
regulation (European Commis-
sion) No. 726/2004, which came
into effect in May 2005.

Article 58 establishes a mech-
anism whereby the European
Medicines Agency may give a
scientific opinion in the context
of cooperation with the WHO for
the evaluation of certain medici-
nal products for human use in-
tended exclusively for markets
outside the European Union. Ar-
ticle 58 of the regulation re-
sponds to the need to protect
public health and give scientific
assistance to nonmember coun-
tries in the context of coopera-
tion with the WHO while at the
same time allowing rapid access
of those countries to important
new medicinal products.44

Article 58 and the scientific
opinion procedure apply to vac-
cines and medicinal products
meeting defined criteria. Because
the trivalent vaccine is used ex-
clusively outside the European
Union and is part of a WHO-
managed stockpile for emergency
response, it qualifies for the scien-
tific opinion procedure (article
58) and will be submitted for re-
view before January 2008 when
the current Belgian marketing

authorization expires. It is ex-
pected that the trivalent vaccine
postlicensure impact assessment
data will be included in the 
application.

CONCLUSIONS

The emergence of epidemic N
meningitidis W135 meningitis in
Burkina Faso during 2002 posed
a new challenge to epidemic
management in African meningi-
tis belt countries. Recognizing
the implications of the emergent
threat, the WHO reviewed the
available vaccine options and
then worked to make an appro-
priate and affordable vaccine
available within 6 months, in time
for the 2003 epidemic season.

The successful response to this
challenge resulted from an early
and focused commitment from
the WHO, as well as its ability to
coordinate strategy across diverse
public and private organizations
and at the international, regional,
and national levels. Other key
elements that allowed for this
unprecedented response to an
emerging vaccine need in devel-
oping countries included the fol-
lowing: (1) pressing demand
from several African countries
for a vaccine that would reduce
the spread and impact of the
highly feared meningitis epidemic,
(2) prompt financing from the Bill
and Melinda Gates Foundation in
support of an initial vaccine stock-
pile and impact assessment activi-
ties, and (3) rapid agreement from
GlaxoSmithKline Biologicals to
produce an affordable vaccine
formulation that provided the
range of protection and ease of
use that was needed for epidemic
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response in African meningitis belt
countries. It was this environment
that resulted in the production of
an appropriate and affordable
vaccine in record time and that
ensured that a stockpile was avail-
able for use in the future.

Public–private partnerships
have received increasing atten-
tion as a mechanism for provid-
ing developing countries with
access to necessary drugs and
vaccines.45–49 These partnerships
typically rely on a pharmaceuti-
cal partner for drug and vaccine
discovery, development, and pro-
duction and a public sector part-
ner(s) for issues related to access.
The Global Alliance for Vaccines
and Immunization accelerated
development and introduction
programs for pneumococcal and
rotavirus vaccines, as well as
other recent vaccine initiatives
(Haemophilus influenzae type B,
meningococcal, Japanese en-
cephalitis, and yellow fever) to-
gether with guaranteed financing
from the Vaccine Fund and oth-
ers are recent examples of public
sector contributions to public–
private partnerships.

Through June 2006, 3 million
doses of the trivalent vaccine
have been used for epidemic re-
sponse in meningitis belt coun-
tries: Burkina Faso (2003), Chad
(2005),50 Guinea (2006), and
Sudan (200551 and 200652).
An additional 576000 doses of
trivalent vaccine were adminis-
tered during 2006 when epi-
demic N meningitidis W135
disease emerged among dis-
placed persons in Gulu district,
Uganda,53 and across the border
in Kenya.54 A stockpile of 3.5
million trivalent doses remains.

Trivalent vaccine is now one of
the primary tools for epidemic re-
sponse in African meningitis belt
countries. It will continue to play
an important role during the fore-
seeable future and until affordable
and appropriate conjugate vaccines
become part of national immuniza-
tion programs in the region.
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land; Mike Ryan, World Health Organi-
zation, Geneva, Switzerland; Thomas
Verstraeten, GlaxoSmithKline Biologi-
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This paper is dedicated to the mem-
ory of our friend and colleague Nicolas
Nathan who passed away unexpectedly
in May 2004.
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lection, analysis, and interpretation of
data; in the writing of reports; or in the
decision to submit articles for presenta-
tion or publication.
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