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           INTRODUCTION OF A SEROGROUP A MENINGOCOCCAL CONJUGATE VACCINE  
                                               IN THE GAMBIA, WEST AFRICA  
 
Background 
 
Epidemics of meningococcal meningitis have occurred at frequent but irregular intervals in the dry 
savannah regions of countries forming the southern border of the Sahara, the African meningitis 
belt, for over 100 years.  No reliable way of predicting when and where these epidemics will occur 
has been found. African epidemics are characterised by their large size, with nearly 100,000 cases 
being recorded in an epidemic in Nigeria in 1996, although the true figure was probably much 
larger.  Epidemics begin at the start of the dry season and finish with the coming of the rains, often 
starting up again during the following dry season. During epidemics, cases may occur in subjects of 
all ages. Incidence is often highest in infants but the majority of cases are seen in older children 
and young adults. Large epidemics cause major disruptions to the health services. 
 
Meningococci can be characterised by the composition of their capsular polysaccharide.   Most 
African epidemics have been caused by meningococci belonging to serogroup A, a rare cause of 
meningococcal disease in industrialised countries for the past 50 years, and initially it was believed 
that all African epidemics were caused by meningococci belonging to this serogroup. However, in 
the 1970s epidemics due to serogroup C meningococci were recorded in Nigeria and Burkina Faso 
and, in 2002, the international community was taken by surprise when a large epidemic of 
meningococcal meningitis due to a serogroup W meningococcus occurred in Burkina Faso. In 
2005/6 an outbreak of meningococcal disease due to a serogroup X meningococcus was reported 
in Niger and cases of both serogroup W and X have been reported in several countries within the 
African meningitis belt during the past few years. The period 2010 – 2012 was relatively quiet in 
the African meningitis belt with approximately 22,000, 30,000 and 28,000 cases being reported in 
2010, 2011 and 2012 respectively.  Serogroup A disease has been encountered only rarely in 
countries in the central part of the meningitis belt in recent years, even  prior to the introduction 
of the new serogroup A conjugate vaccine. However, in 2011 and 2012 there were substantial 
outbreaks of predominantly serogroup A meningococcal disease in Chad and adjacent areas of 
northern Cameroun.  
 
Prevention of epidemic meningitis by vaccination 
 
Until recently, the mainstay of epidemic meningitis control in Africa has been reactive vaccination 
with polysaccharide vaccines after an outbreak has been detected. To be effective, this approach 
requires early detection of an outbreak, rapid diagnosis of its cause and a quick vaccination 
response. This approach has saved many thousands of lives and reduced the impact of major 
epidemics but, despite the deployment of millions of doses of polysaccharide vaccines in the 
African meningitis belt, epidemics of serogroup A meningococcal disease have continued to occur.  
The reasons why polysaccharide vaccines have not prevented epidemics are that they are poorly 
immunogenic in the very young, probably induce only transient protection in older children and, 
mostly importantly, have little or no effect on meningococcal carriage and are thus unable to 
prevent transmission of the infection. 
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Development of a conjugate vaccine 
 
Studies conducted in The Gambia and in Burkina Faso 20 years ago showed that it was possible to 
develop meningococcal A and C polysaccharide protein conjugate vaccines which were safe and 
immunogenic in African children and which induced immunological memory. However, these early 
studies were not followed up by any of the major pharmaceutical companies which focussed on 
the development of monovalent serogroup C conjugate vaccines for use in Europe, where these 
vaccines have proved to be highly effective. It was not until 2001 when, with support from the Bill 
and Melinda Gates Foundation, a serious attempt was made to develop a serogroup A 
meningococcal conjugate vaccine that could be used in Africa. This initiative led to the 
establishment of the Meningitis Vaccine Project (MVP), a partnership between WHO and PATH, 
which has done a remarkable job in developing and deploying a monovalent serogroup A 
meningococcal conjugate vaccine PsA‐TT(MenAfrivacTM) within a period of 10 years.1 The vaccine 
is manufactured, using a new conjugate technology, at the Serum Institute of India and produced 
at a price of approximately $0.40 per dose.  Studies in Mali, Senegal and The Gambia have shown 
that the vaccine is safe and immunogenic in toddlers and adults and a study undertaken in 
Ghanaian infants indicates that it is also immunogenic in this age group. 
 
In 2010, the vaccine was prequalified by WHO and vaccination of subjects aged 1‐29 years 
commenced in Burkina Faso, Mali and Niger. In Burkina Faso, nearly 100% coverage was achieved 
in a six‐ week mass vaccination campaign.2 In 2011, universal vaccine coverage of those aged 1‐29 
years was achieved in Mali, Niger and in several states in Nigeria. In 2012, Chad was fully 
vaccinated and additional states in Nigeria were also vaccinated.  Plans are in place to roll out the 
vaccine across the rest of the African meningitis belt during the period 2013‐2016. Sustaining the 
immune level of the population following these mass campaigns will be achieved  either by 
introduction of  PsA‐TT into the routine infant immunisation programme, with one or two doses 
being given during the first two years of life,  or by periodic mass immunisation programmes. 
 
PsA‐TT was pre‐qualified on the basis of its safety and immunogenicity 3 and no phase 3 efficacy 
trial was done. Thus, evaluation of the efficacy of PsA‐TT through phase 4 post‐introduction 
studies is essential.  In the meningitis season following the national immunisation programme in 
Burkina Faso, there was a marked fall in the number of cases of meningitis over previous years and 
only one serogroup A case was reported; 4   there was also a marked decline in the prevalence of 
serogroup A meningococcal carriage 5 suggesting that the vaccine is highly effective in preventing 
both meningitis and carriage. However, PsA‐TT was introduced in Burkina Faso at a time when 
there was a very low level of transmission of serogroup A meningococci in the central part of the 
African meningitis belt as a result of natural fluctuations in the incidence of this infection.   
Evidence for an impact of PsA‐TT on meningococcal meningitis and carriage has also been 
obtained in Chad. Although these initial results are very encouraging, more post implementation 
information is needed on the efficacy of PsA‐TT in preventing cases and carriage, on its ability to 
provide herd protection among unvaccinated subjects and on the duration of protection that it 
provides.  
 
In 2014, a decision will need to be made as to whether PsA‐TT should be introduced in The 
Gambia. 
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 THE GAMBIA 
 
The Gambia is a small country on the west coast of Africa which is completely surrounded by 
Senegal, except for a short coastline. The country covers an area of approximately 11,000 km2 and 
is mainly flat savannah with flood plains bordering the river. The climate is typical of the sub‐
Sahelian region of West Africa with a three to four month rainy season (July‐October) and a long 
dry season during the remainder of the year. Average rainfall in recent years has been about 1,000 
mm, although this used to be much higher. The population has increased rapidly in recent years 
and is now estimated to be about 1.7 million.  The Gambia is occupied by people belong to several 
ethnic groups with Wollofs predominating on the coast and Mandinkas and Fulas up‐country. The 
majority of the population still lives in rural areas and is engaged in farming although there is an 
increasing urban population in the areas around the capital Banjul where about 0.5 million people 
live.   GDP is estimated to be about $2,000 per person. The country has an active tourist industry, 
most active during the dry season,  focussed on the coast but with some tourist spending a period 
up country.    
 
The Gambia 
 

 
 
 
The Gambia has a relatively good health service and a well established EPI programme. Vaccine 
coverage in 2011 was estimated to be 96% for DPT3 and that 91% for measles vaccination. The 
Gambia was the first country in sub‐Saharan Africa to introduce Hib vaccination into its routine 
immunisation programme and the second, after Rwanda, to introduce a pneumococcal conjugate 
vaccine. This was initially PCV‐7 but this was replaced in 2011 by PCV‐13. 
 
The Gambia is on the margin of the African meningitis belt. In 1992/3 over 1,000 cases were 
reported, due predominantly to infection with serogroup A meningococcus and a large epidemic 
caused by a serogroup A meningococcus occurred in 1997 with over 1,000 reported cases. The 
Ministry of Health responded to these epidemics by reactive vaccination with serogroup A + C 
polysaccharide vaccination in affected areas.  Between epidemics, a small number of cases have 
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been recorded in most years. In 2012, there as an outbreak of serogroup W meningitis in Upper 
River region with over 100 reported cases.  Meningococcal disease in The Gambia shows the 
characteristic features of epidemic meningitis in Africa with outbreaks occurring during the dry 
season and with cases in all age groups but with the greatest number of cases occurring in older 
children and young adults. 
 
Task 
 
The Ministry of Health of The Government of The Gambia is considering whether or not it should 
introduce PsA‐TT in The Gambia. Although large outbreaks have occurred in the country, these 
have been relatively infrequent and occasional outbreaks can be managed through reactive 
vaccination. Mounting a national campaign is a large and demanding process. Because of these 
uncertainties, the Minister of Health has set up a working group to advise him and the Minister of 
Finance on ‐ 
 

a. Whether The Gambia should introduce PsA‐TT into its routine immunisation and, 
        if so – 
b. What kind of vaccination programme should be used?  
c. Who should be vaccinated?   
d. How should the impact of introducing the vaccine be monitored. 

 
Instructions to the break out group 
 
You are the working group established by the Ministry of Health to a advise the Minister of Health 
and the Minister of Finance, whose support will be needed for any large scale vaccination 
programme, as to whether PsA‐TT should be introduced into the Gambia and, if so, how this 
would be done.  If your decision is to support vaccination then you will need a strong case to back 
this argument and to persuade the Ministry of Finance to release the funds that this would 
require. 
 
To move forward ‐  
 

 Choose your chairman and rapporteur. 

 Give each member of the group a role in the expert team. 
 
You will be informed of how long you have for your discussions. After these have finished your 
rapporteur will be asked to make a presentation of your findings.    
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BACKGROUND PAPERS. 
 
1. Frasch C, Preziosi MP, Laforce FM. Development of a group A meningococcal conjugate 

vaccine, MenAfriVac (TM). Human Vaccine and Immunotherapeutics; 2012; 8; 715‐724.  

Group A meningococcal disease has been an important public health problem in sub‐Saharan 
Africa for over a century. Outbreaks occur there annually, and large epidemics occur at intervals 
ranging between 8 and 12 y. The Meningitis Vaccine Project was established in 2001 with funding 
from the Gates Foundation with the goal of developing, testing, licensing, and introducing an 
affordable group A meningococcal conjugate vaccine into Africa. From 2003 to 2009 a monovalent 
group A conjugate vaccine, MenAfriVac (TM), was developed at the Serum Institute of India, Ltd 
through an innovative public/private partnership. Preclinical studies of the new conjugate vaccine 
were completed in 2004 and a Phase 1 study began in India in 2005. Phase 2/3 studies in African 1‐
29 y olds were completed in 2009 showing the new meningococcal A conjugate vaccine to be as 
safe as currently licensed meningococcal polysaccharide vaccines, but much more immunogenic. 
After Indian market authorization (December 2009) and WHO prequalification (June 2010), 
MenAfriVac (TM) was introduced at public health scale using a single 10 µg dose in individuals 1‐
29 y of age in Burkina Faso, Mali, and Niger in December 2010. We summarize the laboratory and 
clinical studies leading to prequalification of MenAfriVac (TM) . The 2011 epidemic season ended 
with no reported case of group A meningitis in vaccinated individuals 

 
2. Djingarey MH, Barry R, Bonkoungou M, Tiendrebeogo S, Sebgo R, Kandolo D, Lingani C, Preziosi 

MP, Zuber PL, Perea W, Hugonnet S, Dellepiane de Rey Tolve N, Tevi‐Benissan C, Clark TA, 
Mayer LW, Novak R, Messonier NE, Berlier M, Toboe D, Nshimirimana D, Mihigo R, Aguado T, 
Diomandé F, Kristiansen PA, Caugant DA, Laforce FM. Effectively introducing a new 
meningococcal A conjugate vaccine in Africa: the Burkina Faso experience. Vaccine. 2012;Suppl 
2: B40-45.  

A new Group A meningococcal (Men A) conjugate vaccine, MenAfriVac™, was prequalified by the 
World Health Organization (WHO) in June 2010. Because Burkina Faso has repeatedly suffered 
meningitis epidemics due to Group A Neisseria meningitidis special efforts were made to conduct 
a country‐wide campaign with the new vaccine in late 2010 and before the onset of the next 
epidemic meningococcal disease season beginning in January 2011. In the ensuing five months 
(July‐November 2010) the following challenges were successfully managed: (1) doing a large safety 
study and registering the new vaccine in Burkina Faso; (2) developing a comprehensive 
communication plan; (3) strengthening the surveillance system with particular attention to 
improving the capacity for real‐time polymerase chain reaction (PCR) testing of spinal fluid 
specimens; (4) improving cold chain capacity and waste disposal; (5) developing and funding a 
sound campaign strategy; and (6) ensuring effective collaboration across all partners. Each of 
these issues required specific strategies that were managed through a WHO‐led consortium that 
included all major partners (Ministry of Health/Burkina Faso, Serum Institute of India Ltd., UNICEF, 
Global Alliance for Vaccines and Immunization, Meningitis Vaccine Project, CDC/Atlanta, and the 
Norwegian Institute of Public Health/Oslo). Biweekly teleconferences that were led by WHO 
ensured that problems were identified in a timely fashion. The new meningococcal A conjugate 
vaccine was introduced on December 6, 2010, in a national ceremony led by His Excellency Blaise 
Compaore, the President of Burkina Faso. The ensuing 10‐day national campaign was hugely 
successful, and over 11.4 million Burkinabes between the ages of 1 and 29 years (100% of target 
population) were vaccinated. African national immunization programs are capable of achieving 
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very high coverage for a vaccine desired by the public, introduced in a well‐organized campaign, 
and supported at the highest political level. The Burkina Faso success augurs well for further 
rollout of the Men A conjugate vaccine in meningitis belt countries. 

3. Sow SO, Okoko BJ, Diallo A, Viviani S, Borrow R, Carlone G, Tapia M, Akinsola AK, Arduin P, 
Findlow H, Elie C, Haidara FC, Adegbola RA, Diop D, Parulekar V, Chaumont J, Martellet L, Diallo 
F, Idoko OT, Tang Y, Plikaytis BD, Kulkarni PS, Marchetti E, LaForce FM, Preziosi MP. 
Immunogenicity and safety of a meningococcal A conjugate vaccine in Africans. N Engl J Med 
2011; 364: 2293‐304. 

 

Background: Group A meningococci are the source of major epidemics of meningitis in Africa. An 
affordable, highly immunogenic meningococcal A conjugate vaccine is needed. 

Methods: We conducted two studies in Africa to evaluate a new MenA conjugate vaccine (PsA‐
TT). In study A, 601 children, 12 to 23 months of age, were randomly assigned to receive PsA‐TT, a 
quadrivalent polysaccharide reference vaccine (PsACWY), or a control vaccine (Haemophilus 
influenzae type b conjugate vaccine [Hib‐TT]). Ten months later, these children underwent 
another round of randomization within each group to receive a full dose of PsA‐TT, a one‐fifth 
dose of PsACWY, or a full dose of Hib‐TT, with 589 of the original participants receiving a booster 
dose. In study B, 900 subjects between 2 and 29 years of age were randomly assigned to receive 
PsA‐TT or PsACWY. Safety and reactogenicity were evaluated, and immunogenicity was assessed 
by measuring the activity of group A serum bactericidal antibody (SBA) with rabbit complement 
and performing an IgG group A‐specific enzyme‐linked immunosorbent assay.  

Results: In study A, 96.0% of the subjects in the PsA‐TT group and 63.7% of those in the PsACWY 
group had SBA titers that were at least four times as high as those at baseline; in study B, 78.2% of 
the subjects in the PsA‐TT group and 46.2% of those in the PsACWY group had SBA titers that were 
at least four times as high as those at baseline. The geometric mean SBA titers in the PsA‐TT 
groups in studies A and B were greater by factors of 16 and 3, respectively, than they were in the 
PsACWY groups (P<0.001). In study A, the PsA‐TT group had higher antibody titers at week 40 than 
the PsACWY group and had obvious immunologic memory after receiving a polysaccharide booster 
vaccine. Safety profiles were similar across vaccine groups, although PsA‐TT recipients were more 
likely than PsACWY recipients to have tenderness and induration at the vaccination site. Adverse 
events were consistent with age‐specific morbidity in the study areas; no serious vaccine‐related 
adverse events were reported. 

Conclusions: The PsA‐TT vaccine elicited a stronger response to group A antibody than the 
PsACWY vaccine. (Funded by the Meningitis Vaccine Project through a grant from the Bill and 
Melinda Gates Foundation; Controlled‐Trials.com numbers, ISRCTN78147026 and 
ISRCTN87739946.). 

 
4. Serogroup A meningococcal conjugate vaccination in Burkina Faso: analysis of national 

surveillance data.Novak RT, Kambou JL, Diomandé FV, Tarbangdo TF, Ouédraogo‐Traoré R, 
Sangaré L, Lingani C, Martin SW, Hatcher C, Mayer LW, Laforce FM, Avokey F, Djingarey MH, 
Messonnier NE, Tiendrébéogo SR, Clark TA. Lancet Infect Dis 2012;12:757‐764. 

 

Background: An affordable, highly immunogenic Neisseria meningitidis serogroup A 
meningococcal conjugate vaccine (PsA‐TT) was licensed for use in sub‐Saharan Africa in 2009. In 
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2010, Burkina Faso became the first country to implement a national prevention campaign, 
vaccinating 11∙4 million people aged 1‐29 years. We analysed national surveillance data around 
PsA‐TT introduction to investigate the early effect of the vaccine on meningitis incidence and 
epidemics. 

Methods: We examined national population‐based meningitis surveillance data from Burkina Faso 
using two sources, one with cases and deaths aggregated at the district level from 1997 to 2011, 
and the other enhanced with results of cerebrospinal fluid examination and laboratory testing 
from 2007 to 2011. We compared mortality rates and incidence of suspected meningitis, probable 
meningococcal meningitis by age, and serogroup‐specific meningococcal disease before and 
during the first year after PsA‐TT implementation. We assessed the risk of meningitis disease and 
death between years. 

Findings: During the 14 year period before PsA‐TT introduction, Burkina Faso had 148 603 cases of 
suspected meningitis with 17 965 deaths, and 174 district‐level epidemics. After vaccine 
introduction, there was a 71% decline in risk of meningitis (hazard ratio 0∙29, 95% CI 0∙28‐0∙30, 
p<0∙0001) and a 64% decline in risk of fatal meningitis (0∙36, 0∙33‐0∙40, p<0∙0001). We identified a 
statistically significant decline in risk of probable meningococcal meningitis across the age group 
targeted for vaccination (62%, cumulative incidence ratio [CIR] 0∙38, 95% CI 0∙31‐0∙45, p<0∙0001), 
and among children aged less than 1 year (54%, 0∙46, 0∙24‐0∙86, p=0∙02) and people aged 30 years 
and older (55%, 0∙45, 0∙22‐0∙91, p=0∙003) who were ineligible for vaccination. No cases of 
serogroup A meningococcal meningitis occurred among vaccinated individuals, and epidemics 
were eliminated. The incidence of laboratory‐confirmed serogroup A N meningitidis dropped 
significantly to 0∙01 per 100 000 individuals per year, representing a 99∙8% reduction in the risk of 
meningococcal A meningitis (CIR 0∙002, 95% CI 0∙0004‐0∙02, p<0∙0001). 

Interpretation: Early evidence suggests the conjugate vaccine has substantially reduced the rate of 
meningitis in people in the target age group, and in the general population because of high 
coverage and herd immunity. These data suggest that fully implementing the PsA‐TT vaccine could 
end epidemic meningitis of serogroup A in sub‐Saharan Africa. 

 
5. Impact of the serogroup A meningococcal conjugate vaccine, MenAfriVac, on carriage and herd 

immunity. Kristiansen PA, Diomandé F, Ba AK, Sanou I, Ouédraogo AS, Ouédraogo R, Sangaré L, 
Kandolo D, Aké F, Saga IM, Clark TA, Misegades L, Martin SW, Thomas JD, Tiendrebeogo SR, 
Hassan‐King M, Djingarey MH, Messonnier NE, Préziosi MP, Laforce FM, Caugant DA. Clin 
Infect Dis 2013; 56: 354‐363. 

 

Background: The conjugate vaccine against serogroup A Neisseria meningitidis (NmA), 
MenAfriVac, was first introduced in mass vaccination campaigns of 1‐29‐year‐olds in Burkina Faso 
in 2010. It is not known whether MenAfriVac has an impact on NmA carriage. 

Methods: We conducted a repeated cross‐sectional meningococcal carriage study in a 
representative portion of the 1‐29‐year‐old population in 3 districts in Burkina Faso before and up 
to 13 months after vaccination. One district was vaccinated in September 2010, and the other 2 
were vaccinated in December 2010. We analyzed 25 521 oropharyngeal samples, of which 22 093 
were obtained after vaccination. 
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Results: In October‐November 2010, NmA carriage prevalence in the unvaccinated districts was 
comparable to the baseline established in 2009, but absent in the vaccinated district. Serogroup X 
N. meningitidis (NmX) dominated in both vaccinated and unvaccinated districts. With 4 additional 
sampling campaigns performed throughout 2011 in the 3 districts, overall postvaccination 
meningococcal carriage prevalence was 6.95%, with NmX dominating but declining for each 
campaign (from 8.66% to 1.97%). Compared with a baseline NmA carriage prevalence of 0.39%, no 
NmA was identified after vaccination. Overall vaccination coverage in the population sampled was 
89.7%, declining over time in 1‐year‐olds (from 87.1% to 26.5%), as unvaccinated infants reached 1 
year of age. NmA carriage was eliminated in both the vaccinated and unvaccinated population 
from 3 weeks up to 13 months after mass vaccination (P = .003). 

Conclusions: The disappearance of NmA carriage among both vaccinated and unvaccinated 
populations is consistent with a vaccine‐induced herd immunity effect. 
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a  b  s  t  r  a  c  t

A  new  Group  A  meningococcal  (Men  A) conjugate  vaccine,  MenAfriVacTM, was  prequalified  by  the  World
Health  Organization  (WHO)  in  June  2010.  Because  Burkina  Faso  has repeatedly  suffered  meningitis
epidemics  due  to  Group  A Neisseria  meningitidis  special  efforts  were  made  to  conduct  a  country-wide
campaign  with  the  new  vaccine  in  late  2010  and  before  the onset  of  the  next  epidemic  meningococcal
disease  season  beginning  in January  2011.  In  the  ensuing  five  months  (July–November  2010)  the  fol-
lowing  challenges  were  successfully  managed:  (1)  doing  a large  safety  study  and  registering  the  new
vaccine  in  Burkina  Faso;  (2)  developing  a  comprehensive  communication  plan;  (3) strengthening  the
surveillance  system  with  particular  attention  to improving  the  capacity  for  real-time  polymerase  chain
reaction  (PCR)  testing  of  spinal  fluid  specimens;  (4)  improving  cold  chain  capacity  and  waste  disposal;
(5)  developing  and funding  a  sound  campaign  strategy;  and  (6)  ensuring  effective  collaboration  across
all  partners.  Each  of  these  issues  required  specific  strategies  that  were  managed  through  a  WHO-led  con-
sortium  that  included  all major  partners  (Ministry  of Health/Burkina  Faso,  Serum  Institute  of  India  Ltd.,
UNICEF, Global  Alliance  for  Vaccines  and  Immunization,  Meningitis  Vaccine  Project,  CDC/Atlanta,  and  the
Norwegian  Institute  of  Public  Health/Oslo).  Biweekly  teleconferences  that  were  led  by  WHO  ensured  that
problems  were  identified  in  a timely  fashion.  The  new  meningococcal  A  conjugate  vaccine  was  introduced

on  December  6,  2010,  in  a national  ceremony  led by  His  Excellency  Blaise  Compaore,  the  President  of
Burkina  Faso.  The  ensuing  10-day  national  campaign  was  hugely  successful,  and  over  11.4  million Burk-
inabes  between  the  ages  of 1 and  29  years  (100%  of  target  population)  were  vaccinated.  African  national
immunization  programs  are  capable  of achieving  very  high  coverage  for  a vaccine  desired  by  the  public,
introduced  in  a  well-organized  campaign,  and  supported  at the  highest  political  level. The  Burkina  Faso

rther
success  augurs  well  for fu

. Introduction
Burkina Faso is a landlocked country with a population of 15.7
illion that sits in the heart of the meningitis belt surrounded
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 rollout  of  the  Men  A  conjugate  vaccine  in  meningitis  belt  countries.
© 2012 Elsevier Ltd. All rights reserved.

by Mali, Niger, Benin, Togo, Ghana, and Côte d’Ivoire. All districts
in Burkina Faso are at risk of meningitis epidemics. The last major
meningitis epidemic occurred from 2006 to 2008 and caused over
45,000 cases of meningitis with about 90% of cases due to Group
A Neisseria meningitidis (NmA; Fig. 1). Endemic meningococcal

disease rates are also high, making meningitis one of the most
important public health problems in Burkina Faso.

Over the last 20–25 years epidemic meningococcal menin-
gitis epidemics in Africa have been managed using a reactive

dx.doi.org/10.1016/j.vaccine.2011.12.073
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:fmlaforce@path.org
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Fig. 1. Weekly reported mening

trategy: i.e., when district meningitis rates exceed 10 cases per
00,000 population in a single week, reactive campaigns using
olysaccharide meningococcal vaccines are implemented. These
ampaigns are logistically challenging, and often polysaccharide
accines are given after epidemics are over. Moreover, polysaccha-
ide vaccines have drawbacks since immunity wanes over three
ears, and the vaccine is not recommended for children under two
ears [1].

In 1996 and after a particularly severe NmA meningitis epi-
emic with over 180,000 reported cases African ministries of
ealth (MoH) made a formal request to WHO  for help in managing
hese epidemics. Three WHO-sponsored international consulta-
ions were held in 1999, 2000, and 2001; and all recommended
hat more potent meningococcal conjugate vaccines be devel-
ped for meningitis belt countries [2].  In June 2001, with funding
rom the Bill & Melinda Gates Foundation, PATH, a Seattle-based
GO, and WHO  formed a partnership called the Meningitis Vac-
ine Project (MVP) with the specific goal of eliminating NmA
pidemics by developing, testing, licensing, and introducing an
ffordable meningococcal A conjugate vaccine for use in the African
eningitis belt [3].  Serum Institute of India Ltd. in Pune, India

SIIL), began developing a monovalent meningococcal A conju-
ate vaccine using a conjugation method originally discovered
t the Center for Biologics Evaluation and Research laborato-
ies at the US Food and Drug Administration in Bethesda, USA.
linical trials of the vaccine were begun in 2005, and after the
rugs Controller General of India granted market authorization

or the vaccine in December 2009 the dossier was  submitted
y SIIL to WHO  for prequalification. Given the severity and
agnitude of the meningitis problem in sub-Saharan Africa the

requalification of the Men  A conjugate vaccine, now called
enAfriVacTM, was granted “fast track” status by WHO, and

fter extensive review the vaccine was prequalified in June 2010
3].

Burkina Faso, Mali, and Niger were chosen as “early introduc-
ion countries” because they are at high risk of NmA epidemics,
ad well-developed surveillance systems, and their respective
inistries of health expressed interest in supporting the intro-

uction of a new more potent vaccine to control the problem.
ali and Niger chose to introduce the new Men  A conjugate

accine in two stages, a first phase in 2010 and a second
n 2011. Burkina Faso opted to immunize its entire 1–29-
ear-old population by the end of 2010. Consequently, efforts
ere begun in mid-2010 to plan for comprehensive immu-

ization of 1–29-year-old Burkinabes in late 2010. This paper
escribes the steps taken that allowed for a highly successful

mmunization campaign to unfold in Burkina Faso in December
010.
ses – Burkina Faso 2005–2010.

2. Vaccination strategy

The vaccination strategy was aimed at providing a single
10 mcg  dose of MenAfriVac to all 1–29-year-old Burkinabes. Since
1–29-year-olds represent about 70% of the population, 11.6 million
Burkinabes were targeted. From the outset a specific goal was the
attainment of district-specific coverage rates greater than 90% to
enhance the likelihood of herd immunity. Attaining herd immu-
nity was  very important because under ones were not included in
the vaccination campaign. Studies conducted in the Netherlands
after the introduction of meningococcal C conjugate vaccines have
shown that under ones could be protected through herd immunity
[4].

3. Regulatory issues

In December 2009 WHO’s Global Advisory Committee on Vac-
cine Safety (GACVS) was updated on clinical safety data from
studies of the new Men  A conjugate vaccine and of plans for mass
vaccination campaigns to be launched soon after the vaccine was
prequalified by WHO  [5].  The reactogenicity and safety of the vac-
cine had been evaluated in 7 clinical trials in 5 countries (Ghana,
India, Mali, Senegal, and The Gambia). These included 1 study of
children aged 14 weeks to 18 months while the other studies were
conducted in participants aged 1–29 years, the target age group
for the initial mass vaccination campaigns. The safety data from
the clinical trials did not raise any particular concerns, but the
committee highlighted the need for additional data from a larger
population base to better assess the safety profile in particular with
respect to potentially rare and delayed reactions [6].  In addition,
the GACVS recommended that studies be done to evaluate vac-
cine safety in pregnancy because of the likelihood of administration
of the vaccine to pregnant women during mass vaccination cam-
paigns. The committee also highlighted the importance of gaining
additional information on MenAfriVac with respect to the duration
of protection; its effect on carriage of NmA; interactions with vac-
cines delivered by the Expanded Program on Immunization (EPI);
any possible effect on the prevalence of other serotypes (serotype
replacement); and the safety and immunogenicity of the vaccine
in groups considered to be potentially at high risk, such as people
infected with HIV and those who  are severely malnourished.

While the clinical trial data did not show any significant safety
issues with the vaccine, the GACVS committee also advised that,
where possible, phased introduction of the vaccine would be desir-

able so that additional safety data could be accumulated before
the vaccine was  eventually used in large national mass campaigns.
Consequently, three safety studies were done in September 2010 in
Burkina Faso, Mali, and Niger in about 1.1 million persons. Districts
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ere chosen in each of the three countries, and between 300,000
nd 400,000 1–29-year-olds in each country were given a single
ose of the new vaccine. Passive surveillance systems were used to
ollow postimmunization complications. All serious adverse events
ere investigated and reviewed by national Adverse Event Fol-

owing Immunization (AEFI) committees. Studies were begun in
eptember, and data from the studies were reviewed by national
ommittees in November, 2010.

GACVS was further updated on vaccine safety data relating to
he introduction of MenAfriVac vaccine collected in the three early-
dopter countries (Burkina Faso, Mali, and Niger). A total of 215
eports of AEFI, including 34 serious adverse events, were received
fter 1.04 million people were vaccinated. Based on reviews by
ational expert committees, only 1 serious AEFI (an anaphylac-
ic reaction) was classified as related to vaccination. After review
ACVS concluded that the new data did not suggest that there
hould be any special concern about safety [7].

The committee also addressed precautions about use of the vac-
ine in pregnant and lactating women. Given the potential benefits
f the vaccine, the high risk of disease in the geographical area,
nd past experiences using similar vaccines in comparable condi-
ions, GACVS supported WHO’s position that the NmA conjugate
accine should be offered to pregnant and lactating women resid-
ng in the meningitis belt during any stage of pregnancy or lactation.
onetheless, GACVS recommended that MoHs develop plans to fol-

ow vaccinated pregnant women in antenatal or obstetric clinics
nd to monitor pregnancy outcomes by making appropriate com-
arisons with unvaccinated pregnant women.

In June 2011 the GAVSC Committee received new data on the
afety profile of the Men  A conjugate vaccine that now included
ata from active surveillance in one Burkina Faso district as well as
he results from the enhanced passive surveillance [8].  There were
8 cases of urticaria and 14 episodes of bronchospasm noted in
he district with active surveillance. GACVS Committee concluded
hat the surveillance data from the introduction of the Men  A con-
ugate vaccine did not indicate any reasons for concern about the
accine’s safety but that the reports of bronchospasm and urticaria
uggested hypersensitivity reactions to the vaccine and that a more
ndepth review of these cases be done to rule out anaphylaxis.
ACVS also recognized that while it would not be practical to con-
uct widespread active AEFI surveillance there was utility in doing
oth active and passive surveillance to provide safety profile infor-
ation [8].
Use of the vaccine in Burkina Faso required that the vaccine

e registered in Burkina Faso, and members of the Burkina Faso
ational Regulatory Agency participated in a review of the Men  A
onjugate vaccine clinical dossier along with representatives from
ali and Niger in Geneva at WHO/HQ in June 2010. SIIL submitted

n application to the Burkina Faso National Regulatory Agency that
as reviewed, and the vaccine was formally licensed in Burkina

aso in November 2010.

. Surveillance system

A properly functioning surveillance system is a fundamental
rerequisite when introducing a new vaccine. This precondition
as particularly important in Burkina Faso because it was to be

he first of about 25 countries that were being considered for intro-
ucing the new Men  A conjugate vaccine. There was  need to ensure
hat the vaccine was safe and that impact could be measured on the
ncidence of NmA meningitis in Burkina Faso. In short, the challenge
as to ensure that suspected cases of meningitis were reported
nd that sufficient spinal fluid samples were taken and available
or microbiological studies. These were critical issues because the
ntroduction of a new Men  A conjugate vaccine was  expected to
e 30S (2012) B40– B45

alter the epidemiology of NmA in Burkina Faso, and it was  important
not only to document impact on the incidence of the disease but
also to monitor whether the vaccination campaign had an impact
on the distribution of men  ingitis pathogens in the country.

Fortunately, major efforts had been expended over the last few
years at improving meningitis surveillance in Burkina Faso. In 2003
several meningitis belt countries began implementing enhanced
meningitis surveillance [9],  an approach that focused on ensuring
that suspected meningitis cases were reported on a weekly basis.
In Burkina Faso the enhanced program emphasized systematic
weekly data collection; compilation and analysis of epidemiolog-
ical data; as well as the prepositioning of laboratory supplies and
the adequate collection, transportation, and analysis of laboratory
specimens. Standard Operating Procedures (SOPs) were developed
by WHO  in close collaboration with Meningococcal Collaborating
Centres (CDC/Atlanta, NIPH/Oslo, and IMTSSA/Marseilles) and MVP.
District health officers including laboratory officers were trained
across the country; and lumbar puncture kits, trans-isolate media,
and diagnostic reagents were provided to rural and reference health
facilities.

In 2009 a more demanding but more informative surveillance
system was introduced into selected districts in Burkina Faso. The
new system was  case-based and required that clinical and labora-
tory information were connected such that information could be
related back to the individual—a process that facilitates person-
specific analysis rather than grouped information. With the support
of WHO  and CDC/Atlanta progress was  made in 2010 to shift
district- to case-based reporting. Financial support for the purchase
of laboratory supplies came from MVP  and a special grant from the
Michael and Susan Dell Foundation.

5. Laboratory confirmation

Pneumococci and Hemophilus influenzae type b can cause
meningitis that is clinically similar to that seen in meningococcal
meningitis. Hence, laboratory confirmation of the etiologic agent
is an essential component of meningitis surveillance. Except for a
single classic population-based study in Niger the standard lab-
oratory methods used in Africa such as latex agglutination or
culture have neither accurately measured the disease burden nor
given good meningococcal serogroup distribution data [10]. Latex
agglutination is expensive, and the test is a subjective one, often
being performed by untrained staff. Furthermore latex agglutina-
tion tests do not identify Group X meningococci. Although culture
and identification of the infecting organism continues to serve as
the “gold standard” for diagnosis the number of positive cultures
in most African surveillance systems has remained low because of
antibiotic administration prior to collection of spinal fluid, delayed
specimen transport, and the lack of properly standardized media.
These problems are notoriously difficult to correct, and attempts at
improving diagnostic capabilities have been an important goal of
improving surveillance activities in Burkina Faso.

Use of the polymerase chain reaction (PCR) can solve many of the
above problems. Real-time PCR (rt-PCR) is a closed system using flu-
orescent dyes to detect amplification. The dyes make rt-PCR more
sensitive than conventional PCR, and the use of 2 primers and a
probe can provide increased specificity as well. Because rt-PCR is a
closed system the technique largely eliminates the risk of amplicon
DNA cross-contamination in the laboratory.

During 2010–2011 rt-PCR was introduced in Burkina Faso, Mali,
and Niger to detect and characterize N meningitidis, Hs influen-

zae, and pneumoniae (Nm, Hi,  and Sp).  Using standardized methods
four reference laboratories did rt-PCR assays on DNA from spinal
fluid and other clinical specimens from clinically defined bacte-
rial meningitis patients [11–14].  The assays detect Nm,  Hi,  and
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p as well as determining Nm serogroups A, B, C, W135, X, and
. Up until this introduction, only Niger has been able to obtain

aboratory confirmation for clinically defined bacterial meningi-
is at rates better than 1–2%. However, in 2011 and for the 4
aboratories using rt-PCR the confirmation rates with group deter-

ination approached 35%, a rate similar to that seen in Europe and
orth America. Internal and external quality control of testing was
one within the countries and at CDC/Atlanta. The introduction of
t-PCR provided a sound platform for the study of etiologic agents
n case of suspected meningitis but equally important has ensured
hat vaccine-induced changes in meningococcal strains will be reli-
bly identified.

. The meningococcal carriage study

As previously noted, a principal goal of the Burkina Faso intro-
uction of a new Men  A conjugate vaccine is the development of
erd immunity that will protect unvaccinated individuals by reduc-

ng the circulation of NmA  in the population. Given the importance
f this phenomenon a major effort was made to study meningo-
occal circulation in the general population before and after the
ntroduction of MenAfriVac.

With support from Norwegian Institute of Public Health (NIPH)
nd CDC/Atlanta, baseline meningococcal carriage prevalence was
ssessed by the MoH  in 2009, using a multicenter, repeated cross-
ectional study design with four sampling campaigns performed
ithin a 4-week period every three months, covering both the

pidemic and the nonepidemic season [15]. During each car-
iage study, over 5000 oropharyngeal samples were collected
rom a representative selection of 1–29-year-old volunteers liv-
ng in three health districts in Burkina Faso—the urban district
f Bogodogo and the rural districts of Dandé in the west and
aya in the east. A questionnaire about risk factors for meningo-
occal carriage was administered to each participant or parent
hen the subject was less than 18 years of age. Isolation and

dentification of the meningococci were performed by national
aboratories in Burkina Faso; while confirmation and molecu-
ar characterization, including genogrouping, multilocus sequence
yping, and porA/fetA sequencing, were performed at NIPH in
slo.

Analysis of the baseline meningococcal carriage in 2009 from
 total of 20,326 samples showed an overall carriage prevalence
f 3.96% [15]. NmA  was carried by 0.39% of the population, and all
he strains (N = 80) were identical; NmA, ST-2859, P1.20,9/F3-1. Car-
iage prevalence of NmY  was 2.28%, NmX  0.44%, and NmW135 0.34%.
here were geographic and seasonal variations of carriage preva-
ence with a higher prevalence in the rural districts compared to
he urban districts and higher prevalence in the dry season, but
erogroup distribution also varied by district. Male participants
ere more likely to carry meningococci with a maximum preva-

ence (7.5%) in the 15–19-year-olds, while the peak prevalence for
emale participants was in 10–14-year-olds (4.4%).

The carriage study district of Kaya was chosen as a site for the
eptember 2010 safety study that was previously mentioned, and
ll 1–29-year-olds were given a dose of MenAfriVac from 18 to
4 September. A carriage study had already been scheduled for
ctober–November 2010 which created an interesting situation
hereby the 1–29-year-olds from Kaya would be vaccinated in

eptember 2010, and 3–6 weeks later the same group of 1–29-
ear-olds would undergo nasopharyngeal cultures as part of the
arriage study. Therefore, the results from the Kaya carriage study

n October–November were of great interest. The results were dra-

atically positive; there were no NmA isolated from over 1700
hroat cultures whereas prior carriage studies in Kaya had shown
n NmA carrier rate of about 1%. These preliminary results provided
e 30S (2012) B40– B45 B43

strong early evidence that comprehensive coverage with the Men
A conjugate vaccine would likely generate herd immunity.

The carriage study required that operational procedures be
standardized and the quality of all reagents ascertained. Hence, a
detailed quality control system was implemented [16]. In addition,
joint training, supervision, and wrap-up meetings after each round
were conducted to ensure high quality. A high level of coordina-
tion between local communities and the MoH  along with WHO,
CDC/Atlanta, NIPH/Oslo, and MVP  has characterized this effort.

7. The communication plan

Informing all citizens that all 1–29-year-olds are to be immu-
nized is no easy matter. Nonetheless, the communication plan that
was  linked to the introduction of the Men  A conjugate vaccine
proved to be flawless largely because it rested on years of prior
work. Beginning in 2007 there were regular communications and
briefings about the development of the Men  A conjugate vaccine.
These occasions included formal and informal press briefings that
were linked to the initiation of clinical studies or international
meningitis meetings held in meningitis belt countries. This early
communication work was  aimed at informing health profession-
als, communicators, and the public that a new, more potent vaccine
against an important cause of epidemic meningitis was in the off-
ing but that the vaccine would not prevent all cases of meningitis.
As clinical trials unfolded each study was preceded by a detailed
“crisis communication training workshop,” an exercise which was
repeated at international scale prior to the December introduction
of the vaccine in Burkina Faso, Mali, and Niger. These exercises
were very useful not only in informing clinicians and public health
officials about the new meningitis A conjugate vaccine but also in
codifying a response should questions about the vaccine arise either
during the clinical trials or during vaccine introduction.

Once the Men  A conjugate vaccine was  prequalified by WHO,
communication activities and social mobilization began addressing
the challenge of informing all Burkinabes that a national vaccina-
tion program was  imminent in December 2010 and that if they were
in the age group 1–29 years, they ought to receive the vaccine. Prior
measles campaigns had targeted those under 15 years of age, but
increasing the target population to 29 years was a new challenge.
Nonetheless, a Burkina Faso communication plan that comprised
national, regional, and village outlets was devised, including town
criers and community volunteers (“relais communautaires).” Tra-
ditional and religious leaders were also put to work communicating
about the new more potent vaccine, the upcoming campaign, and
the need to get vaccinated. Beginning on December 1 radio and tele-
vision spots were broadcast in the national languages announcing
the campaign that was  to start on December 6. Messages empha-
sized that comprehensive coverage with this new vaccine could
put an end to the annual meningitis epidemics that have been
problematic for so long in Burkina Faso.

The success of the vaccination plan was due in no small mea-
sure to the scope and effectiveness of the communication and social
mobilization plan. Particularly important was a national press con-
ference on December 14 that was  headed by the Minister of Health
who  was accompanied by representatives from WHO  and UNICEF.
The Minister emphasized that the campaign was  going well and
that a successful campaign was key in the goal to eliminate epi-
demic meningitis in Burkina Faso.

8. Cold chain and waste management
In May  2009, a WHO-sponsored in-depth assessment of vaccine
logistics in Burkina Faso was  conducted by an expert consultant,
and a plan was formulated to address the problems noted during
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he consultation. The good news was the availability of 6 function-
ng positive cold store rooms at the central level in Ouagadougou
s well as 1 negative cold store room. Each of the 13 regions had a
old store room, and each district had at least 3 refrigerators with
65 liters capacity (SibirTM V170 EG) and 2 high-capacity freezers
or ice packs (Vestfrost MF304 or Electrolux TFW800). About 98%
f the peripheral health facilities had refrigerators (SibirTM). Thus,
nly 1 cold store room (40 m3) was needed at central level in order
hat all 12 million doses of NmA conjugate vaccine could be safely
tored at the central level before being sent to the periphery.

The plan also made recommendations on the distribution of
accination materials by volume and weight and in accordance to
he storage capacity of each region, district, and health facility. A
omputerized tool for the evaluation of vaccine storage capacities
as introduced at all levels that estimated the frequency at which

egions, districts, and peripheral health facilities should be supplied
n vaccines and materials.

An assessment of the waste disposal capabilities identified
ajor gaps, and with help from the Dell Foundation 13 high-

apacity incinerators were purchased and installed in each of the
3 regions of the country. Burkina Faso has two industrial incinera-
ors, one in Ouagadougou and a second in Bobo Dioulasso. In order
o destroy the campaign waste in the 30 days following the cam-
aign it was anticipated that 40% of waste material would be burned

n the newly acquired 13 incinerators and the remaining 60% in
he industrial incinerators. To facilitate this work a transportation
ystem was developed to bring safety boxes to the incinerators.
nfortunately, because of fiscal constraints the waste management
lan could not be fully implemented (see below).

. Design and funding of the Burkina campaign

In Burkina Faso a National Organization Committee was  formed
n July 2010 to manage the national campaign to introduce the
ew NmA  conjugate vaccine. WHO’s Intercountry Support Team
WHO/IST) played a major role in coordinating planning activities
n Burkina Faso, Mali, and Niger through a biweekly teleconference
hat included representatives from the three introduction coun-
ries plus all partners that continued until vaccine introduction
n early December. The teleconferences required country-specific
ummaries describing the status of planning and an enumeration
f constraints. Discussions ensued and led to the identification
f logistic issues that sometimes required consultant assistance.

n important outcome was that the planning process, over time,
esulted in a harmonization of protocols through open discus-
ions that candidly discussed problems that often spanned all three
ountries.

able 1
unding the Burkina Faso campaign.

Costs and donors Amount (US$) Activities

Campaign budget
Vaccine, syringes, needles, safety boxes 10,295,059
Operational costs 3,338,019
Total cost 13,633,078

Donor resources
GAVI contribution through UNICEF Supply Division 4,089,442 Purchase o
Dell  Foundation through WHO  2,558,208 Vaccine, n
Dell  Foundation through WHO  and PATH 3,908,676 Material (
GAVI  through UNICEF Program Division 865,179 Communi
Burkina Faso national budget 703,898 Operation
West African Health Organization (WAHO) 106,382 Operation
Lions Club (Italy) 77,767 Operation
Total resources mobilized 12,309,556

Financial gap on December 6, 2010 1,323,522
e 30S (2012) B40– B45

Burkina Faso’s national plan was based on a district microplan-
ning model for national measles immunization campaigns that had
been originally developed by WHO  and modified by the Burkina
Faso EPI staff. Regional and district staff were familiar with these
documents, and the planning and training processes flowed along
familiar lines. By October 2010, the Burkina Faso EPI had completed
their initial assessment of 1–29-year-olds who  resided in 13 regions
and 63 health districts.

Specifics on the funding of the Burkina Faso vaccination cam-
paign are given in Table 1. The total budget for the Burkina Faso
campaign was US$13,633,078. Of this sum about US$2 million from
the Michael and Susan Dell Foundation was used to improve the
cold chain capacity, to purchase refrigerated vans, to install 13
regional incinerators, and to buy laboratory supplies. Despite sup-
port from GAVI, WHO, and UNICEF the National Organizational
Committee found itself short about US$1.3 million on December
5, the day before the campaign was to be launched. Rather than
delaying the introduction of the vaccine the National Committee
implemented a “Plan B,” a rather daring maneuver that allowed
the vaccination campaign to begin on December 6. Plan B included
the following steps: (1) a decrease in the per diem paid to volunteers
from US$5.31 to US$4.25 per day; (2) a decrease in the communica-
tion funds as well as funds allotted to waste disposal (pick-up and
supervised destruction) and evaluation; and (3) a doubling of the
work for all vaccination teams (fixed posts to vaccinate 600 instead
of 300 persons per day; 500 persons per day instead of 200 for the
advanced strategy sites, and having 1 supervisor per 10 instead of
5 teams).

10. The campaign

A total of 5328 vaccinators and an equal number of volunteers
began the vaccination campaign after a national inaugural in Oua-
gadougou on December 6 that was presided by His Excellency Blaise
Compaore, President of Burkina Faso. In 10 days, the campaign was
completed and the 10,000 plus vaccinators and volunteers had per-
formed superbly despite the conditions imposed by Plan B. A total of
11,425,391 of Burkinabes between the ages of 1–29 years were vac-
cinated in a hugely successful campaign. Community participation
was  extremely high. Citizens enthusiastically accepted the vaccine
and referred to it as “the good vaccine”. Regional administrative
coverage by age group is summarized in Table 2 and showed that
coverage was  extremely high in all regions and in all age groups.
When the campaign was finished and the coverage data analyzed

the MoH  concluded that the Nm A conjugate vaccine campaign was
the most successful vaccination campaign that had been done in
Burkina Faso. While care was  taken to ensure that vaccine recipi-
ents were in the 1–29 year target range it is likely that some persons

f vaccine, needles, syringes, and safety boxes
eedles, syringes, and safety boxes
cold chain support, waste disposal, and vaccination cards); and operational costs
cation and operational costs
al costs
al costs
al costs
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Table 2
Vaccination coverage by age and region in Burkina Faso (includes data from Kaya safety study in September and the December 6–16 national campaign [14]).

Region 1–4 years 5–14 years 15–29 years Total

Number vaccinated % of target Number vaccinated % of target Number vaccinated % of target Number vaccinated % of target

Boucle Mouhoun 248,093 101.80 482,282 102.13 414,618 105.05 1,144,993 103.09
Cascades 97,367 110.10 193,862 108.00 160,597 99.54 451,826 105.26
Centre 241,878 96.63 527,874 95.03 774,222 105.29 1,543,974 100.18
Centre Est 185,179 91.36 371,439 97.25 295,858 96.79 852,476 95.75
Centre Nord 145,995 109.32 260,698 104.11 199,760 100.02 606,453 103.91
Centre ouest 204,308 99.93 422,483 107.38 379,166 115.46 1,005,957 108.60
Centre Sud 106,109 99.91 213,442 105.72 189,558 102.88 509,109 103.40
Est  229,831 100.87 408,512 96.68 328,339 100.18 966,682 98.83
Haut  Bassin 242,332 89.40 482,491 105.94 442,596 101.48 1,167,419 100.41
Nord 210,194 101.21 419,458 107.23 342,444 111.78 972,096 107.39
Plateau central 124,947 119.28 241,760 109.81 201,182 95.67 567,889 106.11
Sahel  181,399 107.31 317,260 99.27 295,279 108.66 793,938 104.41
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Total 2,321,377 100.17 4,540,318 

ver 29 years received vaccine, we view this as a reasonable expla-
ation for coverage over one hundred percent.

The implementation of Plan B did create some problems. The
aste disposal targets were not met. The decreased funding from

lan B resulted in insufficient funds to transport safety boxes to
ncinerator sites. Only 56% of safety boxes were incinerated during
he 30 days following the campaign. In addition, a formal evaluation
f coverage using vaccination cards as the gold standard has not yet
aken place.

1. Discussion

Safely vaccinating 11 million persons in 10 days is no easy task
nder the best of conditions, and the total success of the NmA conju-
ate vaccine introduction bears witness to the ability of the Burkina
aso MoH  to plan and conduct an effective national vaccination
ampaign. MenAfriVac was the “right” vaccine being given at the
right” time. Burkinabes were very knowledgeable about epidemic
eningitis, and their enthusiastic acceptance of the Men A conju-

ate vaccine is an excellent example of what can be achieved when
roducts are highly sought by the population. While the implemen-
ation of Plan B raised concerns at the last minute, the vaccinators
nd volunteers took up the challenge and succeeded. Two impor-
ant problems flowed from the lack of resources: (1) waste disposal
as compromised, and over 40% of the safety boxes had not been

n incinerated during the month following the campaign; and (2) a
ormal coverage evaluation has not yet been conducted [17]. While
ndividuals are convinced of the reality of the high-coverage data
t would be reassuring to have independent data confirming the
overage results.

Only time will tell whether MenAfriVac will eliminate NmA
eningitis epidemics thus achieving the principal goal of the MVP.
hile early surveillance data from the 2011 epidemic season

January–April) suggest that the vaccine has had a major impact,
ore data and more time are needed before a firm and unambigu-

us conclusion on impact can be made [18].
Important lessons from the Burkina Faso introduction include

he following: (1) the key role played by WHO  a natural planning
ocus and as a focus for partner coordination; (2) the need for regu-
ar teleconferences with specific agendas to monitor progress and
o identify problems; (3) the importance of a communication plan

hat begins at least two years prior to vaccine introduction; (4) early
lanning (2–3 years) on improving case and laboratory surveil-

ance activities; and lastly (5) the challenge of identifying funding
artners.

[

[

1 190,682 100.02 493,184 103.91

7 4,214,301 104.53 11,075,996 102.62

Conflict of interest statement

No author has a conflict of interest.

References

[1] Girard MP,  Preziosi MP,  Aguado MT,  Kieny MP.  A review of vaccine research
and  development: meningococcal disease. Vaccine 2006;24(22):4692–700.

[2] WHO. Joint recommendations for the development and introduction of con-
jugate vaccines against meningococcal disease in the African and Eastern
Mediterranean Regions, April 2000.

[3] LaForce FM, Okwo-Bele JM.  Eliminating epidemic group A meningococ-
cal meningitis in Africa through a new vaccine. Health Affairs 2011;30:
1049–57.

[4] De Greef SC, de Melker HE, Spanjaard L, Schouls LM, van Derende A.
Protection from routine vaccination at the age of 14 months with meningo-
coccal serogroup C conjugate vaccine in the Netherlands. Pediatr Infect Dis J
2006;25:79–80.

[5]  WHO. Global Advisory Committee on Vaccine Safety, 3–4 December 2009.
Weekly Epid Rec 2010;85:29–33.

[6] WHO. Global Advisory Committee on Vaccine Safety 16–17 June 2010. Weekly
Epid Rec 2010;85:285–92.

[7] WHO. Meeting of the Global Advisory Committee on Vaccine Safety, December
2010. Weekly Epid Rec 2011;86:37–44.

[8] WHO. Meeting of the Global Advisory Committee on Vaccine Safety, June 2011.
Weekly Epid Rec 2011;86:321–2.

[9] WHO. Enhanced surveillance of epidemic meningococcal meningitis in Africa:
a  three-year experience. Wkly Epidemiol Rec 2007;82(5):34–40.

10] Campagne G, Schuchat A, Djibo S, Ousseini A, Cisse L, Chippaux JP. Epidemiology
of  bacterial meningitis in Niamey, Niger, 1981–96. Bull World Health Organ
1999;77:499–508.

11] Carvalho MG,  Tondella ML,  McCaustland K, Weidlich L, McGee L, Mayer LW,
et al. Evaluation and improvement of real-time PCR assays targeting lytA,
ply,  and psaA genes for detection of pneumococcal DNA. J Clin Microbiol
2007;45:2460–6.

12] Dolan JM,  Hatcher CP, Satterfield D, Theodore MJ,  Bach M, Linscott K, et al.
sodC-based real-time PCR for detection of Neisseria meningitidis. PLoS One
2011;6:e19361.

13] Mothershed EA, Sacchi CT, Whitney AM,  Barnett GA, Ajello GW,  Schmink S, et al.
Use of real-time PCR to resolve slide agglutination discrepancies in serogroup
identification of Neisseria meningitidis. J Clin Microbiol 2004;42:320–8.

14] Wang X, Mair R, Hatcher C, Theodore MJ,  Edmond K, Wu  HM,  et al. Detec-
tion of bacterial pathogens in Mongolia meningitis surveillance with a new
real-time PCR assay to detect Haemophilus influenzae.  Int J Med  Microbiol
2011;301:303–9.

15] Kristiansen PA, Diomande F, Wei  SC, Ouedraogo R, Sangare L, Sanou I, et al.
Baseline meningococcal carriage in Burkina Faso before the introduction
of  a meningococcal serogroup A conjugate vaccine. Clin Vaccine Immunol
2011;18:435–43.

16] Kristiansen PA, Ouédraogo AS, Sanou I, Absatou BK, Ouédraogo CD, Sangaré L,
et  al. Laboratory Quality Control in a Multicentre Meningococcal Carriage Study
in  Burkina Faso. Trans R Soc Trop Med  Hyg, in press.
17] Toboe D. Rapport synthèse des deux phases de la campagne de vaccination con-
tre  la méningite A avec le nouveau vaccin conjugué (MenAfriVacTM) au Burkina
Faso. WHO  Consultant report, January 2011.

18] WHO  Intercountry Support Team – West Africa. Meningitis Weekly Bulliten
Weeks 31–34; 2011.



www.thelancet.com/infection   Vol 12   October 2012 757

Articles

Lancet Infect Dis 2012; 
12: 757–64

Published Online
July 18, 2012
http://dx.doi.org/10.1016/
S1473-3099(12)70168-8

See Comment page 738

Centers for Disease Control and 
Prevention, Atlanta, GA, USA 
(R T Novak PhD, 
F V K Diomandé MD, 
S W Martin MSc, C Hatcher MPH, 
L W Mayer PhD, 
N E Messonnier MD, 
T A Clark MD); Direction de la 
Lutte contre la Maladie, 
Ministère de la Santé, 
Ouagadougou (J L Kambou MD, 
T F Tarbangdo MSc, 
S R Tiendrébéogo MD); Centre 
Hospitalier Universitaire 
Pédiatrique Charles de Gaulle, 
Ouagadougou (Prof 
R Ouédraogo-Traoré PhD); 
Centre Hospitalier Universitaire 
Yalgado, Ouagadougou 
(Prof L Sangaré PhD); WHO 
Intercountry Support Team for 
West Africa, Ouagadougou, 
Burkina Faso  (F V K Diomandé, 
C Lingani MSc, F Avokey MD, 
M H Djingarey MD); and 
Meningitis Vaccine Project at 
PATH, Ferney, France and 
Washington, DC, USA 
(F M LaForce MD)

Correspondence to:
Dr Ryan Novak, Centers for 
Disease Control and Prevention, 
Atlanta, GA 30329, USA
bnk4@cdc.gov

Serogroup A meningococcal conjugate vaccination in 
Burkina Faso: analysis of national surveillance data
Ryan T Novak, Jean Ludovic Kambou, Fabien V K Diomandé, Tiga F Tarbangdo, Rasmata Ouédraogo-Traoré, Lassana Sangaré, Clement Lingani, 
Stacey W Martin, Cynthia Hatcher, Leonard W Mayer, F Marc LaForce, Fenella Avokey, Mamoudou H Djingarey, Nancy E Messonnier, 
Sylvestre R Tiendrébéogo, Thomas A Clark

Summary
Background An aff ordable, highly immunogenic Neisseria meningitidis serogroup A meningococcal conjugate vaccine 
(PsA–TT) was licensed for use in sub-Saharan Africa in 2009. In 2010, Burkina Faso became the fi rst country to 
implement a national prevention campaign, vaccinating 11·4 million people aged 1–29 years. We analysed national 
surveillance data around PsA–TT introduction to investigate the early eff ect of the vaccine on meningitis incidence 
and epidemics.

Methods We examined national population-based meningitis surveillance data from Burkina Faso using two 
sources, one with cases and deaths aggregated at the district level from 1997 to 2011, and the other enhanced with 
results of cerebrospinal fl uid examination and laboratory testing from 2007 to 2011. We compared mortality rates 
and incidence of suspected meningitis, probable meningococcal meningitis by age, and serogroup-specifi c 
meningococcal disease before and during the fi rst year after PsA–TT implementation. We assessed the risk of 
meningitis disease and death between years.

Findings During the 14 year period before PsA–TT introduction, Burkina Faso had 148 603 cases of suspected meningitis 
with 17 965 deaths, and 174 district-level epidemics. After vaccine introduction, there was a 71% decline in risk of 
meningitis (hazard ratio 0·29, 95% CI 0·28–0·30, p<0·0001) and a 64% decline in risk of fatal meningitis (0·36, 
0·33–0·40, p<0·0001). We identifi ed a statistically signifi cant decline in risk of probable meningococcal meningitis 
across the age group targeted for vaccination (62%, cumulative incidence ratio [CIR] 0·38, 95% CI 0·31–0·45, p<0·0001), 
and among children aged less than 1 year (54%, 0·46, 0·24–0·86, p=0·02) and people aged 30 years and older (55%, 
0·45, 0·22–0·91, p=0·003) who were ineligible for vaccination. No cases of serogroup A meningococcal meningitis 
occurred among vaccinated individuals, and epidemics were eliminated. The incidence of laboratory-confi rmed 
serogroup A N meningitidis dropped signifi cantly to 0·01 per 100 000 individuals per year, representing a 99·8% 
reduction in the risk of meningococcal A meningitis (CIR 0·002, 95% CI 0·0004–0·02, p<0·0001).

Interpretation Early evidence suggests the conjugate vaccine has substantially reduced the rate of meningitis in 
people in the target age group, and in the general population because of high coverage and herd immunity. These 
data suggest that fully implementing the PsA–TT vaccine could end epidemic meningitis of serogroup A in sub-
Saharan Africa.

Funding None.

Introduction
For at least 100 years, the meningitis belt of sub-Saharan 
Africa—stretching from Senegal to Ethiopia (fi gure 1) 
and home to 430 million people—has had high endemic 
rates of meningitis, annual seasonal outbreaks, and 
explosive epidemics occurring every 5–12 years.1,2 About 
90% of cases during epidemics are attributable to 
Neisseria meningitidis serogroup A.3 Burkina Faso, a 
landlocked west African country with a population of 
roughly 16 million, is one of the few countries entirely 
located within the meningitis belt and has hyperendemic 
rates of meningitis.3,4 Annually, the government of 
Burkina Faso spends about 2% of its health budget on 
responding to epidemic meningitis.5 During the 
2007 epidemic, households with an aff ected family 
member incurred an average cost equivalent to a third of 
their household income.6

In late 2009, a novel meningococcal serogroup A 
polysaccharide–tetanus toxoid conjugate vaccine 
(PsA–TT, MenAfriVac) was licensed and subsequently 
pre qualifi ed by WHO—a requirement for purchase by 
UN agencies—based on results of clinical trials assessing 
safety and immunogenicity, but without effi  cacy trials.7–9 
After pilot implementation in the health district of Kaya 
in September, 2010, PsA–TT was introduced in the 
remaining 62 health districts through a national mass 
vaccination campaign in Burkina Faso. More than 
11 million people were vaccinated in about 10 days in 
December, 2010, resulting in 11 466 950 vaccinees in the 
target population of people aged 1–29 years.10 The vaccine 
and the aggressive strategy of rolling national vaccination 
campaigns in up to 26 at-risk countries within or 
bordering the meningitis belt (fi gure 1) over the next 
5 years form an example of a new approach to control 
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epidemic-prone, orphan diseases.11 Successful demon-
stration of the early eff ect of vaccination will validate this 
strategy and inform implementation plans for subse-
quent country campaigns. Toward this goal, we analysed 
national surveillance data around PsA–TT introduction 
and report the early eff ect of the vaccine on meningitis 
incidence and epidemics in Burkina Faso.

Methods
Data collection
In Burkina Faso, two complementary systems of 
population-based meningitis surveillance exist. Surveil-
lance for reportable diseases is done by the Télégramme 
Lettre Offi  cial Hebdomadaire (TLOH), to which district-
level aggregate reports of clinically defi ned meningitis 
cases and meningitis-related deaths are transmitted 
weekly. Functional since 1997, this system contains no 
identifying information or laboratory data, and only 
scarce demographic information. A second system—
enhanced surveillance for Maladies Potentiel Épidémie 
(MPE)—was implemented in 2003, in response to the 
fi rst large meningitis outbreak caused by serogroup 
W135.12,13 This system collects enhanced case-level 
demographic information and results of cerebrospinal 
fl uid examination and laboratory testing for a proportion 
of TLOH cases, using integrated disease surveillance 
and response instruments. The standard operating 
procedures for MPE surveillance have been modifi ed 

over time, but were consistent between 2007 and 2010. 
In 2009, substantial eff orts were made to improve 
specimen collection and transport to a national 
reference laboratory, pathogen confi rmation, links 
between la boratory and demographic information, and 
case-based data manage ment and quality (eg, 
completeness and timeliness)—these eff orts to 
strengthen MPE sur veillance were concentrated in ten 
districts. After the 2010 meningitis season and before 
the national PsA–TT vaccination campaign, revised 
case-based MPE surveil lance standard operating 
procedures were implemented nationwide.

Cases were classifi ed according to WHO case 
defi nitions.14 Suspected cases of meningitis are defi ned 
as sudden onset of fever with a stiff  neck or, in infants, a 
bulging fontanelle. Probable bacterial meningitis is a 
suspected case with turbid cerebrospinal fl uid. A prob-
able case of meningococcal meningitis is a suspected 
case with either a petechial or purpuric rash, Gram-
negative diplococci on cerebrospinal fl uid Gram stain, or 
in the setting of a continuing meningococcal meningitis 
epidemic. A confi rmed case of meningitis is a suspected 
or probable case with Neisseria meningitidis, Haemophilus 
infl uenzae type b, or Streptococcus pneumoniae antigen 
detected in cerebrospinal fl uid or isolated in culture from 
blood or cerebrospinal fl uid. Beginning in 2010, real-
time PCR capacity was implemented at the national 
reference laboratory level, and detection of N meningitidis, 

Figure 1: The meningitis belt of Africa and meningococcal serogroup A conjugate vaccine (PsA–TT) rollout plan 2010–16
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H infl uenzae type b, or S pneumoniae genetic material by 
PCR was deemed confi rmatory.15,16 Serogroup determin-
ation was made either by antigen detection or PCR, with 
PCR deemed defi nitive. 

This assessment was deemed to be a public health 
programme evaluation and was therefore exempted from 
ethical review by the US Centers for Disease Control and 
Prevention and Burkina Faso Ministry of Health.

Statistical analyses
To assess the eff ect of PsA–TT on epidemic meningitis, 
we compared national and district level incidence 
of meningitis, overall meningitis mortality rate, and 
occurrence of epidemics before and during the fi rst year 
after PsA–TT implementation. Suspected cases and 
deaths reported through TLOH from 1997 to 2010 com-
prised the before PsA–TT period, and 2011 the after 
PsA–TT period. The analysis of these TLOH data was 
restricted to epidemiological weeks 1–24 (meningitis 
season) to represent the period of highest predictive 
value for serogoup A meningococcal infection in the 
absence of causal information in the dataset. Annual and 
weekly cumulative incidence rates were calculated with 
national and district population estimates from the 
Institut National de la Statistique et de la Démographie 
(INSD) census.17 To account for redefi nition of districts 
done during the assessment period, some health districts 
were combined, resulting in a total of 55 districts. 
District-level epidemics were defi ned by an annual 
incidence rate exceeding 100 per 100 000 popu lation.18–20 

We defi ned an epidemic year as a year in which the 
national incidence rate exceeded 100 per 
100 000 population; other years were defi ned as endemic 
years. We used a piecewise exponential model for 
grouped survival data to assess for signifi cant diff er ences 
in the risk of disease and death during the meningitis 
season between years. Hazard ratios (HR) were calculated 
comparing all years combined, epidemic years only, 
endemic years only, or each individual year compared 
with 2011.

To assess the age-specifi c and pathogen-specifi c eff ect 
of vaccination, we analysed MPE data for each year 
from 2007 to 2010 compared with 2011, excluding cases 
among known non-residents. PsA–TT was 
implemented in one district during epidemiological 
week 38, thus the analysis of MPE data was restricted to 
weeks 1–37. We calculated the population-weighted 
cumulative incidence of probable meningococcal 
meningitis by age group, using the age distribution 
from the 2006 INSD census applied to each year’s 
estimated total population. These yearly age-specifi c 
incidence rates were compared by a log-Poisson 
regression model. We compared age-specifi c cumulative 
incidence rate ratios for each year compared with 2011. 
We used log-binomial regression to assess for 
diff erences in the proportion of bacterial meningitis 
cases attributed to N meningitidis serogroup A between 
years. To account for possible bias resulting from 
changes identifi ed in S pneumoniae incidence over 
time, analyses were repeated excluding confi rmed 

Figure 2: Suspected cases of meningitis and deaths reported by the Télégramme Lettre Offi  cial Hebdomadaire surveillance system, by week, and number of 
health districts experiencing epidemics by year in Burkina Faso, 1997–2011
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S pneumoniae cases from the yearly proportion de-
nominators. We compared pathogen-specifi c cumu-
lative incidence of confi rmed meningitis disease by 
year using the same log-Poisson regression method 
described above, assuming that the distribution of 
laboratory results for meningitis cases with specimens 
collected but not sent for confi rmatory tests was the 
same as the distribution for cases with laboratory test 
results avail able. We used SAS version 9.2 for analyses.

Role of the funding source
We had no external funding sources—the investigators 
were responsible for study design, data collection, data 
analysis, data interpretation, and writing of the report. 
The corresponding author had full access to all the data 
in the study and had fi nal responsibility for the decision 
to submit for publication.

Results
From Jan 1, 1997, to Dec 31, 2010, 148 603 cases of 
suspected meningitis were reported through TLOH 
in Burkina Faso, with 17 965 deaths, corresponding to 
an annual median of 7757 cases (IQR 5082–13 886) 
and incidence of 61·0 per 100 000 population 
(IQR 37·8–117·3, fi gure 2). Overall, 92% (136 831 of 
148 603) of cases occurred during the meningitis season 
(weeks 1–24). During this 14 year period, 174 district-level 
epidemics occurred; at least one district had an epidemic 
during each year (range 1–35). 5 epidemic years—1997, 
2001, 2002, 2006, and 2007—accounted for 78% (135 of 
174) of district-level epidemics, and 54 of 55 districts 
had at least one epidemic year during those 5 years. 
The median epidemic-year incidence was 131·5 per 
100 000 individuals (IQR 117·3–179·1), and a median of 
25 district epidemics (22–32) were recorded during 
these 5 years. By contrast, in the 9 endemic years the 
median incidence was 43·5 per 100 000 individuals (IQR 
31·6–52·6), and a median of two districts had epidemics 
(IQR one to fi ve).

In 2011, after the national PsA–TT campaign, 
3875 suspected meningitis cases and 588 deaths were 
reported—the corresponding cumulative incidence of 
24·1 per 100 000 individuals represented a decline of 60% 
from the median incidence 1997–2010. 71% (2748 of 3875) 
of cases occurred during the meningitis season, and no 
districts had epidemics in 2011—this fi nding was a break 
from the periodicity recorded in the previous 14 years. 
Comparing 2011 district-level meningitis sea son 
incidence to each of the 14 before PsA–TT years, 
incidence decreased in all health districts by a median of 
79% (IQR 71–86% decrease).

With all 14 before PsA–TT years as a baseline (fi gure 3), 
risk of meningitis decreased by 71% (HR 0·29, 95% CI 
0·28–0·30, p<0·0001) and risk of death decreased by 
64% (0·36, 0·33–0·40, p<0·0001) after PsA–TT imple-
mentation. Signifi cant declines in risk (p<0·0001 for all 
comparisons except p=0·04 for deaths in 2009) were 
identifi ed when the analysis was repeated comparing 
2011 to grouped epidemic years (88% disease, 80% 
deaths), grouped endemic years (54% disease, 51% 
deaths), and each year individually for both meningitis 
disease (range 21% [2005] to 92% [1997]) and deaths 
(range 13% [2009] to 87% [1997]).

From 2007 to 2011, 25 220 cases of suspected 
meningitis were reported through the MPE enhanced 
meningitis surveillance, compared with 51 700 meningitis 
cases through TLOH. During this time, the sensitivity of 

Figure 3: Cumulative curves of rates per 100 000 population of suspect meningitis cases (A) and deaths (B)
reported through Télégramme Lettre Offi  cial Hebdomadaire by week during the meningitis season in Burkina 
Faso, 1997–2011
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MPE surveillance to detect suspected meningitis cases—
with TLOH for comparison—improved from 41% 
(10 614 of 25 695) to 88% (3412 of 3875), the proportion of 
MPE-reported suspect cases with a cerebrospinal fl uid 
specimen that was transported to a reference laboratory 
for confi rmatory testing increased from 29% (2898 of 
9824) to 99% (3399 of 3412), and the proportion of case-
patient specimens with a bacterial meningitis pathogen 
identifi ed increased from 7% (685 of 9824) to 35% 
(1157 of 3318).

When comparing 2011 to the lowest incidence year 
before PsA–TT (either 2009 or 2010), a 62% decline in 
risk of probable meningococcal meningitis was iden-
tifi ed across the age group targeted for vaccination 
(cumulative incidence ratio [CIR] 0·38, 95% CI 
0·31–0·45, p<0·0001; table). A statistically signifi cant 
decline (p<0·0001) was also recorded for the comparison 
of 2011 to each age group individually, with the largest 
decline among people aged 5–14 years. Among age 
groups not eligible for vaccine, a 55% decline in risk of 
bacterial meningitis was indentifi ed among people aged 
30 years and older (p=0·003, table), and a 54% decline 
in risk among children aged younger than 1 year 
(p=0·02, table).

The overall proportion of confi rmed cases of menin-
gococcal meningitis during the before PsA–TT period 
was 68% (1020 of 1505), of which 86% (875 of 1020) were 
caused by serogroup A N meningitidis (fi gure 4). Among 
all identifi ed pathogens, the proportion of serogroup A 
was higher during 2007–08 (80%, 771 of 965) than the 
subsequent endemic years (19%, 104 of 540, p<0·0001). 
In 2011, with cerebro spinal fl uid obtained for laboratory 
confi rmation from 99% of all patients with suspected 
meningitis, only one case of serogroup A meningococcal 
meningitis was confi rmed among resi dents of Burkina 
Faso—who had not received PsA–TT—representing a 
decrease in serogroup A to less than 0·1% (one of 1157) 
of confi rmed meningitis cases. This proportion was 
signifi cantly (p<0·0001) lower than for each individual 

year from 2007 to 2010, whether S pneumoniae cases were 
included (relative risk range 0·005, 95% CI 0·0007–0·03 
[2010] to 0·002, 0·0003–0·01 [2007]) or omitted (data not 
shown) from the proportion denominators.

In 2011, one confi rmed case of serogroup A men-
ingococcal disease was identifi ed in Burkina Faso, 
resulting in an incidence of 0·01 cases per 100 000 in-
dividuals (fi gure 5). This fi nding represents a 99·8% 
decline in risk compared with 2010 (CIR 0·002, 95% CI 
0·0004–0·02, p<0·0001). Among other meningococcal 

Cumulative incidence (n) Baseline year* 2011 compared to baseline year

2007 2008 2009 2010 2011 CIR (95% CI) p value Relative risk 
reduction†

Age (years)

<1 26·9 (167) 14·4 (92) 6·3 (42) 4·4 (30) 2·0 (14) 2010 0·46 (0·24–0·86) 0·02 54%

1–4 30·6 (652) 14·2 (312) 3·6 (83) 6·0 (140) 1·5 (37) 2009 0·43 (0·29–0·63) <0·0001 57%

5–14 32·6 (1339) 15·3 (649) 5·5 (243) 10·9 (492) 2·0 (92) 2009 0·36 (0·29–0·46) <0·0001 64%

15–29 11·6 (417) 5·3 (195) 1·9 (72) 1·8 (71) 0·7 (28) 2010 0·39 (0·25–0·6) <0·0001 61%

≥30 4·8 (185) 3·3 (132) 0·7 (30) 0·6 (24) 0·3 (11) 2010 0·45 (0·22–0·91) 0·003 55%

Total (1–29) 24·4 (2408) 11·4 (1156) 3·8 (398) 6·5 (703) 1·4 (157) 2009 0·38 (0·31–0·45) <0·0001 62%

Total (<1, ≥30) 7·8 (352) 4·8 (224) 1·5 (72) 1·1 (54) 0·5 (25) 2010 0·45 (0·28–0·73) 0·001 55%

CIR=cumulative incidence ratio. *The year with the lowest incidence before implementation was used as the baseline year for comparison to 2011. †Relative risk reduction 
indicates a decrease in risk of meningitis in the aff ected population relative to the baseline after vaccine introduction calculated as (1–CIR)×100.

Table: Cumulative incidence per 100 000 population of probable meningococcal meningitis by age category reported through Maladies Potentiel Épidémie 
surveillance during weeks 1–37 in Burkina Faso, 2007–11

Figure 4: Proportions of confi rmed meningitis cases by year attributable to Neisseria meningitidis, 
Haemophilus infl uenzae type b, and Streptococcus pneumoniae from Maladies Potentiel Épidémie surveillance 
compared with suspected cases reported by TLOH in Burkina Faso, 2007–11
TLOH=Télégramme Lettre Offi  cial Hebdomadaire.
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serogroups, the incidence of serogroup W135 was fairly 
constant over time from 2007. Although serogroup X 
incidence declined in 2011, the number of districts with 
confi rmed serogroup X cases increased from 6% (four of 
63 districts, two epidemics) in 2010, to 67% (42 of 
63 districts, no epidemics). By contrast, the mean 
incidence of pneumococcal meningitis increased from 
3·4 (2007–08) to 6·6 per 100 000 (2009–11), and a slight 
seasonality was identifi ed with a peak in February and 
March (data not shown).

Discussion
Observational data after the fi rst national meningococcal 
A conjugate vaccination campaign provide evidence 
that serogroup A meningococcal conjugate vaccine 
has substantially reduced the burden of meningitis 
in Burkina Faso. Signifi cant reductions were achieved 
both nationally and at the district level in the occurrence 
of meningitis epidemics and cases of suspected and 
probable meningococcal meningitis. The unprecedented 
low incidence of serogroup A disease in view of 
exceptional laboratory confi rmation provides strong 
evidence for a great short-term vaccine eff ect.

Trials done before licensure showed that PsA–TT 
vaccination results in high titres of antibodies in both 
adults and children, which would be expected to lead to a 
high degree of direct individual protection.8,9,21 Results 
from a coverage survey completed in December, 2011, 
showed national coverage of 95% among the target 
population of the 2010 PsA–TT campaign. Therefore, the 
5 million individuals either too young or too old to be 
vaccinated were likely to indirectly benefi t from high 
population immunity. The complete absence of con-
fi rmed serogroup A meningococcal disease among 
vaccine recipients is attributable in large measure to the 

immunogenicity of the vaccine. However, one serogroup 
A case was confi rmed in an unvaccinated resident of 
Burkina Faso and three additional cases were confi rmed 
in Burkina Faso among unvaccinated non-residents, 
showing that serogroup A has not completely been 
eradicated.

Epidemic waves are postulated to occur when 
epidemic cofactors increase and novel strains are 
introduced into an immunologically naive popu-
lation.22,23 The experience with H infl uenzae type b and 
meningococcal serogroup C clearly shows the 
substantial eff ect conjugate vaccines can have on 
nasopharyngeal carriage of bac teria, a necessary 
precursor to invasive disease.24–28 Our fi nding of a 
signifi cant reduction in risk of probable meningococcal 
meningitis not only in the vaccinated age group, but 
also in the population broadly suggests a herd eff ect 
resulting from reduction in carriage and inter ruption 
of transmission. Studies are underway in Burkina Faso 
to assess herd immunity, but this broad risk reduction 
is consistent with evidence of a substantial reduction in 
serogroup A carriage prevalence after the vaccination 
campaign (DA Caugant, Norwegian Institute of Public 
Health, a WHO Collaborating Centre for Reference and 
Research on Meningococci, personal communication).29 
The continued near elimin ation of the hyperendemic 
ST-11 serogroup C clone in the UK after its serogroup C 
vaccination programme might be largely attributable to 
a sustained herd eff ect despite waning titres of 
protective antibody among individual vaccinees.30,31 
Molecular subtyping of carriage and invasive isolates 
from Burkina Faso identifi ed a high degree of 
homogeneity among serogroup A isolates in the past 
5 years.10 The potential for sustained reductions in 
carriage (or even elimination) of hyperendemic 
serogroup A meningococci is unclear.

2011 showed a break from the cyclic meningitis epi-
demic patterns recorded between 1997 and 2010. Im-
proved surveillance nationally after the 2007 serogroup 
A epidemic has led to recognition that S pneumoniae 
was the most common cause of bacterial meningitis in 
re cent endemic years—the proportion of S pneumoniae 
increased from less than 20% in 2007–08 to greater than 
50% during 2009–11. This fi nding might be an actual 
increase in disease burden, potentially from the intro-
duction of a more virulent serotype.32,33 We compared 
these data to regional data from the endemic period 
before 2007, and identifi ed similarities in both the 
relative rates of pneumococcal to meningococcal men-
ingitis and the slight seasonality of pneumococcal 
meningitis.34,35 Thus, the diff erence in incidence could 
equally be confounded by improved surveillance, with 
the most recent data showing the true endemic rate. 
Although we did not report pneumococcal serotype, 
data from one Burkina Faso region suggested that the 
seven-valent pneumococcal conjugate vaccine would 
only cover less than a third of serotypes identifi ed in 

Figure 5: Estimated annual incidence of confi rmed meningitis by pathogen and year from Maladies Potentiel 
Épidémie surveillance in Burkina Faso, 2007–11
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children aged younger than 5 years, but ten-valent and 
13-valent vaccines that are now becoming available 
could improve serotype coverage to 67%.35 In-country 
capacity for mo lecular serotype determination is being 
established in Burkina Faso to assist the country in 
planning and assessment of the pneumococcal vaccine 
programme.

These data provide compelling fi rst evidence of a 
substantial eff ect of serogroup A meningococcal conju-
gate vaccine when applied in a public health programme 
(panel). Although this is an observational study 
assessing only the fi rst year of follow-up after 
implementation, a decrease in suspect cases and 
probable meningococcal meningitis in 2011 was 
identifi ed even when compared with the lowest endemic 
years, suggesting an eff ect of vaccination as opposed to 
only secular variation in incidence. Strengthened 
surveillance provided early evidence of eff ective 
prevention of serogroup A disease and elimination of 
epidemics in the short term—continued investment to 
sustain high-quality surveil lance in Burkina Faso is 
necessary to monitor vaccine eff ect and modifi cation of 
secular epidemic trends over time. Although serogroup 
X has not been documented to cause epidemics similar 
in scale to serogroups A or W135, improved surveillance 
has detected the emergence and geographic expansion 
of serogroup X from four districts in 2010, to 42 in 
2011.36,37 Serogroup replacement has not been identifi ed 
in countries that have used monovalent serogroup C 
conjugate vaccine. However, the recent localised 
epidemics of serogroups X and W135, and historically C 
are a cautionary reminder that maintenance of high-
quality laboratory confi rmation is crucial beyond the 
assessment of the immediate eff ect of the PsA–TT mass 
vaccination programme.27 Other important assessments 
that should come from the fi rst national implementation 
of PsA–TT include measures of vaccine eff ectiveness 
and causes of vaccine failures.38,39

Burkina Faso achieved high vaccine coverage in a 
period of only 10 days in December, 2010, as a result of 
experience in doing mass vaccination campaigns for 
meningitis epidemic response and other vaccine pre-
ventable diseases, and years of concerted eff ort to 
advocate with policy makers, sensitise the population, 
and organise the logistics necessary to fully implement 
the fi rst national PsA–TT campaign. Surveillance sys-
tems in Burkina Faso can be viewed as an example of the 
high quality that can be achieved in developing countries 
through concerted collaboration. Although this eff ort is 
not warranted in all countries that implement the 
vaccine, other at-risk countries of the meningitis belt 
present logistical challenges to achieving full imple-
mentation of vaccination campaigns, and some degree of 
infrastructure strengthening of surveillance health 
systems is essential to show the eff ectiveness of the 
vaccine and eff ect of vaccination under variable con-
ditions. Longitudinal surveillance should be sustained in 

some countries to measure long-term eff ect and assess 
the need for booster vaccination or other maintenance 
strategies. Without adequate surveillance infrastructure, 
system weaknesses could be interpreted as vaccine 
failure and threaten the implementation strategy.

Epidemic meningitis has been a devastating problem 
in Africa for the past century. The true goal must be 
to sustain its elimination. Future challenges such as 
accumulation of susceptible cohorts due to waning 
immunity, introduction across porous national borders 
of novel serogroup A strains, and the potential for other 
serogroups to emerge all argue for sustained investment 
in surveillance and response capacity. PsA–TT is not 
licensed for use in infants, and appropriate strategies 
for maintenance of epidemic elimination should be 
planned.11,40 Aff ordable multivalent conjugate vaccines 
are needed, because other serogroups are proven causes 
of meningitis outbreaks. Despite these future challenges, 
this early success in Burkina Faso should strengthen 
momentum toward achieving the goal of ending 
epidemic meningitis as a public health concern in sub-
Saharan Africa.
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Panel: Research in context

Systematic review
We searched PubMed with the terms “MenAfriVac” OR “PsA–TT” OR “meningococcal A 
conjugate vaccine” OR “group A meningococcal conjugate vaccine” AND “epidemic 
meningitis” OR “epidemic meningococcal meningitis” AND “Africa” for reports from 
December, 2009, onward, since the fi rst monovalent conjugate meningococcal 
serogroup A meningitis vaccine was licensed in 2009. The date of the search was May 15, 
2012. We identifi ed 32 articles but no population-based reports of the eff ect of 
vaccination on meningitis epidemics.

Interpretation
Our study is the fi rst to report the eff ects of a national meningococcal serogroup A 
conjugate vaccination programme on epidemic meningitis at a population level. We have 
shown a substantial decrease in all-cause meningitis, meningitis epidemics, and 
serogroup A meningococcal disease in Burkina Faso after the implementation of the mass 
vaccination programme. Continued progress toward elimination of serogroup A 
meningococcal meningitis epidemics in sub-Saharan Africa will require high vaccination 
coverage in at-risk countries, adequate surveillance to monitor vaccine eff ect and the 
potential re-emergence of disease, and implementation of a vaccination programme to 
maintain epidemic elimination.
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Background. The conjugate vaccine against serogroup A Neisseria meningitidis (NmA), MenAfriVac, was first
introduced in mass vaccination campaigns of 1–29-year-olds in Burkina Faso in 2010. It is not known whether
MenAfriVac has an impact on NmA carriage.

Methods. We conducted a repeated cross-sectional meningococcal carriage study in a representative portion
of the 1–29-year-old population in 3 districts in Burkina Faso before and up to 13 months after vaccination. One
district was vaccinated in September 2010, and the other 2 were vaccinated in December 2010. We analyzed
25 521 oropharyngeal samples, of which 22 093 were obtained after vaccination.

Results. In October–November 2010, NmA carriage prevalence in the unvaccinated districts was comparable
to the baseline established in 2009, but absent in the vaccinated district. Serogroup X N. meningitidis (NmX)
dominated in both vaccinated and unvaccinated districts. With 4 additional sampling campaigns performed
throughout 2011 in the 3 districts, overall postvaccination meningococcal carriage prevalence was 6.95%, with
NmX dominating but declining for each campaign (from 8.66% to 1.97%). Compared with a baseline NmA car-
riage prevalence of 0.39%, no NmA was identified after vaccination. Overall vaccination coverage in the population
sampled was 89.7%, declining over time in 1-year-olds (from 87.1% to 26.5%), as unvaccinated infants reached 1
year of age. NmA carriage was eliminated in both the vaccinated and unvaccinated population from 3 weeks up to
13 months after mass vaccination (P = .003).

Conclusions. The disappearance of NmA carriage among both vaccinated and unvaccinated populations is
consistent with a vaccine-induced herd immunity effect.

Keywords. Neisseria meningitidis; meningitis belt; conjugate vaccine; carriage; herd immunity.

Meningococcal disease is a major public health chal-
lenge in countries of sub-Saharan Africa lying in the
meningitis belt [1, 2]. The causative agent, Neisseria
meningitidis normally lives in a commensal relationship
with humans, colonizing the nasopharynx [1, 3, 4], and
is transmitted between healthy persons by close contact.
Only exceptionally it enters the bloodstream and causes
meningitis and/or septicemia. In the meningitis belt,
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N. meningitidis of serogroups A (NmA), W135 (NmW135),
and X (NmX) have caused outbreaks [5–7], but NmA has
been responsible for all but one of the major epidemics.

In spite of extensive use of polysaccharide vaccines, epidem-
ics are still occurring [8]. Conjugate vaccines, developed by
coupling a carrier protein to the polysaccharide antigen, elicit
strong and long-lasting immune responses, including children
<2 years old [3, 9] and may confer herd immunity by inter-
rupting transmission of the pathogens [10–14]. Meningococcal
conjugate vaccines against serogroups A, C, Y, and W135 are
marketed in industrialized countries [3], but for most African
countries, they are not affordable [15].

MenAfriVac, a safe, immunogenic and affordable conjugate
vaccine [16] was developed especially to eliminate NmA epi-
demics in the meningitis belt and was first introduced in
Burkina Faso, Mali, and Niger in 2010 [15, 17, 18]. Mass vacci-
nation of 10.8 million 1–29-year-olds was done in Burkina Faso
from 5 to 15 December 2010. When vaccination coverage is not
complete, however, the ability to achieve herd immunity in ad-
dition to protecting vaccinated individuals will be an essential
benefit of the vaccine. Although many conjugate vaccines have
been shown to interrupt carriage of the pathogen, this remained
to be demonstrated for a NmA conjugate vaccine.

To evaluate the potential for herd immunity after
MenAfriVac vaccination, we studied its impact on NmA car-
riage in a multicenter repeated cross-sectional carriage study
in Burkina Faso. Baseline NmA carriage was estimated to
0.39% in Burkina Faso in 2009 [19]. The impact of MenAfri-
Vac on NmA carriage up to 13 months after vaccination and
evidence of a herd immunity effect is presented here.

METHODS

Ethics
The study obtained ethical clearance from the Norwegian Re-
gional Committee for Medical Research Ethics, Southern
Norway, the Ethical Committee for Health Research in
Burkina Faso, and the Institutional Review Board at Centers
for Disease Control and Prevention, Atlanta, Georgia.

Study Design and Oversight
The study was conducted as a multicenter repeated cross-
sectional survey in 3 health districts in Burkina Faso; the
urban district of Bogodogo, counting roughly 616 000 inhabi-
tants and in 2 rural districts, Dandé (215 000 inhabitants) and
Kaya (500 000 inhabitants), as described elsewhere [19]. Mul-
tiple sampling campaigns were conducted simultaneously in
all 3 districts, and for each campaign a representative portion
of the 1–29-year-olds was included within a 4-week period.
We used a multistage cluster design and performed a new
random selection of households for each sampling campaign.

All healthy 1–29-year-olds residing the selected households
were invited to participate in a survey and to provide a swab
specimen, independently of vaccination status and participa-
tion in previous campaigns. Informed consent was obtained
from each participant or guardian if the subject was <18 years
old. Household leaders and participants answered a structured
questionnaire that included information on risk factors for
carriage and MenAfriVac vaccination. All data were entered
on personal digital assistants.

Prevaccination carriage prevalence was determined in 4
sampling campaigns (S1–S4) performed every 3 months in
2009 [19]. As part of a phased vaccine introduction, a safety
study of MenAfriVac was conducted in Kaya, one of the study
sites, from 18 to 24 September 2010 when all 1–29-year-olds
were immunized. Three weeks later, carriage study S5 started
in all 3 districts and was conducted in October–November
2010; S5 documented the carriage prevalence in nonvaccinated
districts immediately before vaccination and also represented
the first postvaccination campaign in Kaya.

The 1–29-year-olds in the rest of Burkina Faso were va-
ccinated with MenAfriVac in the period of 5–15 December
2010 [17]. Four postvaccination carriage campaigns were then
done in the 3 study sites every 3 months through 2011 in the
same way as before vaccine introduction. Campaigns S6, S7,
S8, and S9 were conducted in February–March, May, August,
and October–November 2011, respectively.

Sample Collection and Analysis
Oropharyngeal samples were obtained from each participant
and analyzed at the Centre Hospitalier Universitaire Pédiatri-
que Charles de Gaulle for the district of Bogodogo, at the
Centre Hospitalier Régional de Kaya for the district of Kaya,
and at the Centre Hospitalier Universitaire Souro Sanou for
the district of Dandé, as described elsewhere [19]. The Norwe-
gian Institute of Public Health (NIPH), Oslo, Norway, received
all presumptive meningococcal isolates for confirmatory anal-
yses. The serogroup of confirmed N. meningitidis was deter-
mined by slide agglutination using A, B, C, X, Y, Z, W135,
and 29E antiserum (Remel). For nonserogroupable isolates,
the serogroup obtained by capsule gene polymerase chain re-
action [20] was used as the final result. The quality of the lab-
oratory analysis in Burkina Faso was monitored through a
laboratory quality control (QC) system, as described else-
where [21]. In addition to internal QC of reagents, media, and
incubation conditions, a subset of presumptive N. meningitidis–
negative samples were retrieved from 2 of the analytical steps
and controlled at the NIPH as part of the external QC [21].

Data Management and Statistical Analyses
Field and laboratory data were combined. Samples with
missing or duplicate links between the person and the
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laboratory identification or between the person and the house-
hold were excluded. Data management was done with R
v.2.14.1 and statistical analysis with Stata v.11.1. Bivariable
comparisons were performed using Rao-Scott corrected χ2

tests, and odds ratios were calculated by logistic regression,
using survey methods accounting for the cluster sampling
design. Statistical significance was defined as P values <.05 and
as 95% confidence intervals not including null.

RESULTS

Study Population
During the sampling campaigns S5–S9, a total of 28 625 persons
were asked to participate, and 27 012 (94.4%) accepted
(Table 1). Of these, 25 940 (96.0%) reached the swabbing station
where an oropharyngeal swab specimen was obtained from
25 726 (99.2%). A total of 205 (0.8%) samples were excluded
due to lack of traceability. Among the 205 excluded participants
14 (6.8%) were carriers, but none were carriers of NmA (13
NmX and 1 NmY). Of the 25 521 participants with data correct-
ly registered in all databases (range, 5071–5169 per campaign),
22 093 were enrolled after vaccine introduction and therefore in-
cluded when comparing pre- [19] and postvaccination carriage
prevalence. The remaining 3428 samples were taken from the
districts of Bogodogo and Dandé in S5, just before vaccine intro-
duction. With 20 326 samples obtained in the baseline study
[19], the total sampling size of the carriage study reaches 45 847.

In the postvaccination sampling campaigns, 43.4% of the
participants were male, and 51.9% were <10 years old. The

overall vaccine coverage estimated from the participant’s re-
sponses was 89.7% for the first assessments possible after mass
vaccination (S6), but coverage varied by districts (93.6%,
83.8%, and 91.8% for Bogodogo, Dandé, and Kaya, respective-
ly). Vaccine coverage was age dependent in a consistent way;
coverage was lowest in the 16–29-year age group at about 85%
but remaining stable over time, and coverage of 1-year-olds
declined over time from 87.1% in S5 to 26.5% in S9, as unvac-
cinated children reached 1 year of age.

Overall Meningococcal Carriage Prevalence
A total of 1649 carriers were identified, of whom 1536 were
from the 22 093 participants enrolled after mass vaccination
(6.95%) (Table 2). Carriage prevalence in the 3 districts de-
creased gradually, from 10.31% in S5 to 3.29% in S9
(Figure 1). In each campaign, prevalence was highest in the
district of Kaya, and lowest in Bogodogo. There was a higher
prevalence during the 2011 dry season (S6 and S7) than
during the rainy season (S8 and S9) (P < .001).

NmA Carriage Before and After Vaccination
In campaign S5, NmA carriage prevalence in Dandé (0.24%)
was comparable to the overall 2009 prevalence (0.21%) in that
district. In Bogodogo, no NmA was found in S5, but NmA
carriage was also intermittent and low in the baseline study.
Thus, campaign S5 demonstrated that NmA was still circulat-
ing in unvaccinated districts at the same magnitude as during
the baseline study in 2009 [19].

Table 1. Enrolled Participants and Collected Samples in Carriage Study Performed in 3 Districts in Burkina Faso, 2009–2011

Prevaccination Postvaccination

2009 2010 2010 2011
Total
S5–S9

Postvaccination
TotaldS1–S4a S5 (Bogodogo, Dandé)b S5 (Kaya)c S6–S9

No. of persons

Asked to participate 23 097 3779 1877 22 969 28 625 24 846

Agreeing to participate 21 583 3567 1825 21 620 27 012 23 445
Meeting at swabbing
station

20 676 3480 1716 20 744 25 940 22 460

Providing swab specimen 20 470 3444 1704 20 578 25 726 22 282

No. of samples
Excludede 144 16 61 128 205 189

Included in analysis 20 326 3428 1643 20 450 25 521 22 093

a Baseline study of meningococcal carriage [19].
b S5 in Bogodogo and Dandé: last carriage study campaign before vaccination.
c S5 in Kaya: first postvaccination carriage study campaign.
d Samples taken in Bogodogo and Dandé during S5 (before MenAfriVac vaccination in those districts) are not included.
e Samples without full traceability were excluded.
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Table 2. Meningococcal Carriage Before and After MenAfriVac Vaccination in Burkina Faso

Sampling Campaign

Prevaccination Totala

(n = 20 326)
S5 (B, D)b

(n = 3428)
S5 (K)c

(n = 1643)
S6

(n = 5169)
S7

(n = 5096)
S8

(n = 5106)
S9

(n = 5079)
Postvaccination Totald

(n = 22 093) OR (95% CI) P

Serogroup

A 80 (0.39) 4 (0.12) 0 0 0 0 0 0 NAe .003

B 0 0 0 0 0 1 (0.02) 0 1 (0.01) NAe .341
C 4 (0.02) 2 (0.06) 1 (0.06) 1 (0.02) 0 1 (0.02) 0 3 (0.01) 0.69 (.11–4.53) .697

W135 70 (0.34) 9 (0.26) 0 7 (0.14) 26 (0.51) 35 (0.69) 24 (0.47) 92 (0.42) 1.21 (.69–2.13) .506

X 90 (0.44) 51 (1.49) 388 (23.62) 311 (6.02) 240 (4.71) 138 (2.70) 100 (1.97) 1177 (5.33) 12.65 (6.88–23.25) <.001
Y 457 (2.25) 36 (1.05) 15 (0.91) 66 (1.28) 37 (0.73) 43 (0.84) 30 (0.59) 191 (0.86) 0.38 (.25–.57) <.001

NGf 108 (0.53) 11 (0.32) 6 (0.37) 16 (0.31) 15 (0.29) 22 (0.43) 13 (0.26) 72 (0.33) 0.61 (.41–.90) .014

Total 809 (3.98) 113 (3.30) 410 (24.95) 401 (7.76) 318 (6.24) 240 (4.70) 167 (3.29) 1536 (6.95) 1.80 (1.37–2.38) <.001

Unless otherwise specified, data represent No. (%) of carriers.

Abbreviations: CI, confidence interval; NA, not applicable; NG, nonserogroupable; OR, odds ratio.
a Baseline study of meningococcal carriage, campaigns S1–S4 in 2009 [19].
b S5 in Bogodogo and Dandé: last carriage study campaign before vaccination.
c S5 in Kaya: first postvaccination carriage study campaign.
d Samples taken in Bogodogo and Dandé on S5 (before MenAfriVac vaccination in those districts) are not included.
e Not applicable, because no NmB was found before vaccination, and no NmA was found after vaccination.
f Nonserogroupable Neisseria meningitidis.
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In the district of Kaya, where MenAfriVac vaccination cam-
paign had ended 3 weeks before the carriage sampling S5
started, none of the 1643 persons enrolled during S5 carried
NmA. The postvaccination carriage study campaigns S6–S9,
conducted simultaneously in all 3 districts in 2011, enrolled
an additional 20 450 persons, and none were carriers of NmA
(Table 2; Figure 2). Elimination of NmA after mass vaccina-
tion was statistically significant when all 3 districts were con-
sidered together as well as when each district was considered
separately (P < .05) (Figure 2).

Herd Immunity
Of 2241 unvaccinated participants, the expected number of
NmA carriers was calculated to be 8.74 when we considered

the overall baseline carriage of 0.39% or 6.84 when age-specific
carriage prevalence was considered. No NmA carrier was
found after vaccination and the difference was significant
(P < .05).

Serogroup Distribution
In all 5 sampling campaigns S5–S9, NmX was dominant with
an overall prevalence of 4.81%. NmX carriage decreased over
time in all 3 districts and overall prevalence declined from
8.66% in S5 to 1.97% in S9 (Table 2). NmX was dominant in
Kaya and represented 85.3%–94.6% of all meningococcal iso-
lates; it represented 21.1%–63.3% of the isolates in Bogodogo
and 9.5%–33.3% in Dandé (Figure 3). NmX prevalence was
highest at S5 in Kaya (23.6%), but NmX was present in

Figure 1. Carriage prevalence of Neisseria meningitidis in 3 districts in Burkina Faso at 9 sampling time points, S1–S9 (2009–2011) before and after
MenAfriVac mass vaccination.

Figure 2. Carriage of serogroup A Neisseria meningitidis at 5 timepoints before (pre-5 to pre-1) and 5 timepoints after (post1 to post5) MenAfriVac
vaccination.
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Figure 3. Serogroup distribution of meningococcal carriage isolates in 3 districts in Burkina Faso at 9 sampling time points, S1–S9 (2009–2011),
before and after MenAfriVac mass vaccination.
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unvaccinated districts (1.74% in Bogodogo; 1.23% in Dandé),
at higher rates compared with 2009 data (P < .001 for both
comparisons). NmX was the dominant serogroup in Bogodo-
go in S5 and S6 (Figure 3).

The proportion of nongroupable isolates was highest in Bo-
godogo, whereas NmY dominated in Dandé (Figure 3).
Overall, NmY carriage was low (0.86%), and its prevalence by
campaign declined through the study period (Table 2).
NmW135 was almost nonexistent in Kaya, but it represented
up to 36.8% and 42.9% of the isolates from Bogodogo and
Dandé, respectively (Figure 3). Overall, NmW135 carriage
prevalence reached a maximum in S8 (0.69%) and then de-
clined in S9 (0.47%) (Table 2). Comparison of carriage preva-
lence before and after vaccination shows a significant
reduction in NmA, NmY, and nonserogroupable carriage and
a significant increase in NmX carriage (Table 2).

Age and Sex Distribution of Meningococcal Carriers
For the 20 092 participants providing swab specimens after
MenAfriVac vaccination, carriage prevalence was higher for
male participants (8.11%) than female participants (6.06%;
P < .001). The highest prevalence was found among 10–14-
year-olds for male and 5–9-year-olds for female participants
(Figure 4). Carriage prevalence varied substantially with age
only for NmX, with a maximum carriage in the age groups of
5–9 years (7.59%) and 10–14 years (7.48%) (Figure 5).

Laboratory QC
Five meningococcal isolates were found among the 1155 pre-
sumptive N. meningitidis–negative QC samples [21] retrieved
from all the postvaccination campaigns. Of these 2 were NmX
and 3 were nongroupable. Considering the proportion of
samples tested in the 2 analytical steps included in the external

Figure 4. Carriage prevalence of Neisseria meningitidis by age group and sex. Abbreviation: Nm, Neisseria meningitidis.

Figure 5. Carriage prevalence of dominating serogroups of Neisseria meningitidis by age. Abbreviations: NG, nonserogroupable; Nm, Neisseria
meningitidis.
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QC, we extrapolated that the number of false-negative samples
was 58, whereas the number of true-negative samples was
20 419. Of 1616 presumptive meningococcal isolates sent to
the NIPH 1531 were confirmed as N. meningitidis (true posi-
tive) and 85 were not (false positive). Using standard formu-
las, the overall sensitivity of meningococcal isolation and
identification in Burkina Faso after mass vaccination was
96.3% (range, 92.4%–100% for each campaign), and the
overall specificity was 99.6% (range, 98.8%–99.8% for each
campaign).

DISCUSSION

The study demonstrated that NmA carriage was eliminated
after a successful mass vaccination campaign with MenAfriVac
in Burkina Faso. The effect was seen in both vaccinated and
unvaccinated persons and persisted throughout the 13-month
postintroduction period.

The introduction of MenAfriVac, originally planned for the
end of 2009, was delayed by 1 year. Because of lack of funds,
we had to interrupt the repeated carriage samplings initiated
in 2009 [19] until study S5, performed in October–November
2010, when NmA still circulated in unvaccinated districts at
levels comparable to the 2009 baseline.

The age and sex of participants in the study were similar
to those in the baseline study (43.7% male; 54% <10 years
old) [19]; we assumed thus that the populations sampled were
comparable. Study workers were largely the same as during
the baseline study, the studies were identical in methodology,
and retraining was provided before the study began. The QC
system [21] documented excellent performance of the labora-
tories in Burkina Faso; the underestimation of meningococcal
carriage was lower than during the baseline study (0.24% vs
0.49%), and 95% of the isolates sent to the NIPH were con-
firmed as N. meningitidis, compared with 77% in the baseline
study. Moreover, none of the QC samples contained NmA.
Hence, we feel confident that carriage prevalence before and
after mass vaccination can be compared and that the disap-
pearance of NmA carriage was not related to methodological
changes or lapses in quality of the work performed.

We studied the 1–29-year-old age group, targeted for
MenAfriVac vaccination. Consequently, some participants in
the postvaccination carriage study were not vaccinated because
they were either too young at time of vaccination or did not
receive or accept the vaccine (mainly the 16–29-year-olds). If
the vaccine did not interrupt transmission, the unvaccinated
population would be at the same risk of carrying NmA as
before vaccination. Our study demonstrated that NmA car-
riage was eliminated in the unvaccinated group. The herd
effect was probably a result of high antibody titers demonstrat-
ed during the development and testing of the vaccine [16].

After the vaccination campaign, the dramatic decrease in
NmA disease in Burkina Faso in 2011 and 2012 is also consis-
tent with a strong herd effect [22]. In comparison, immuniza-
tion of teenagers with NmC conjugate vaccines in the United
Kingdom reduced carriage of serogroup C meningococci by
66% after 1 year [10], and the attack rate in unvaccinated was
reduced by 66% [13]. Polysaccharide-protein conjugate vac-
cines against other pathogens have also been shown to reduce
carriage and generate herd immunity. Vaccination of young
children with pneumococcal conjugate vaccines has contribut-
ed to significant reduction of carriage and disease in older
children and adults [14, 23, 24]. Conjugate vaccines against
Haemophilus influenzae type b infection have enabled the
control of this disease, and in some countries its elimination,
an accomplishment partly attributed to the vaccine’s ability to
protect against colonization [11, 25]. Achieving herd immuni-
ty is an essential benefit of MenAfriVac and might contribute
to significant reduction of meningitis epidemics.

Serogroup replacement, as demonstrated after the use of
pneumococcal conjugate vaccines [24, 26], is always a con-
cern when a new vaccine is introduced. A notable increase in
NmX cases and a high NmX carriage prevalence was seen in
2011 [22]. However, NmX was already circulating in the
eastern districts of Bogodogo and Kaya in 2009, occupying a
larger ecological niche than NmA [19]. NmX started to cause
disease in 2009 [27], and in the epidemic season of 2010,
before vaccine introduction, about 20% of the tested isolates
were confirmed as NmX [22]. The significantly higher NmX
carriage prevalence in October-November 2010 seemed unre-
lated to vaccination as it was observed in both vaccinated and
unvaccinated districts. Waning of NmX carriage in the course
of 2011 suggests increasing immunity against this serogroup.
Altogether, these data suggest that vaccine-induced serogroup
replacement with NmX did not occur and that the increase of
NmX cases in 2011 was due to a wave of NmX that had
already started in 2009, as observed elsewhere [28].

Geographic variations in the meningococcal carriage rates
were similar to those observed during the baseline study [19],
with the district of Kaya having the highest prevalence. Sea-
sonal variation was also similar, with lowest carriage in the
rainy season.

The age distribution of meningococcal carriage, very much
dominated by NmX, showed a maximum carriage in younger
age groups compared with the prevaccination study [19]. Car-
riage of serogroups other than NmX varied little with age.
Thus, age distribution of each serogroup was different from
the baseline study, but in both studies, the dominant se-
rogroup varied significantly by age, whereas the other se-
rogroups did not. Age distribution of meningococcal carriage
might therefore depend on the epidemiological context and
the dominant serogroup.
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Our study showed no NmA circulation after vaccine introduc-
tion. We hypothesize that NmA colonization was impeded such
that the effective reproduction number (R) fell to <1 and the
pathogen disappeared [29]. Detailed analysis of the NmC circu-
lation in the United Kingdom before the introduction of MenC
conjugate vaccines estimated a basic reproduction number (R0)
at 1.36, lower than had been suspected [30]. Given the low NmA
carrier rate in Burkina Faso before immunization it is likely that
NmA R0 in Africa may also be very low. If that supposition is
correct, even modest coverage rates with NmA conjugate vaccine
should have a major impact, assuming that complete population
mixing is taking place [31]. Better data on NmA R0 in Africa are
sorely needed, as well as more detailed information on the
length of protection after a dose of MenAfriVac.

The accepted theory for conjugate vaccines is that the high
immunoglobulin G titers produced in blood leak onto the
mucosal epithelium of the nasopharynx, thus preventing car-
riage acquisition [32]. Our study showed that MenAfriVac pre-
vented acquisition but also possibly interrupted ongoing
carriage, because unexpected rapid elimination of NmA carriage
was seen in the district of Kaya. The possibility that MenAfriVac
may be a therapeutic vaccine should be further explored.

In summary, NmA carriage was eradicated in both vaccinat-
ed and unvaccinated populations in Burkina Faso from 3
weeks up to at least 13 months after mass vaccination with
MenAfriVac. Our findings are consistent with a vaccine-
induced herd immunity effect. With herd immunity, the pro-
gressive implementation of MenAfriVac ultimately encom-
passing the whole of the meningitis belt may be expected to
progressively eliminate NmA. Protecting the unvaccinated, es-
pecially the young children until the vaccine is integrated into
child immunization programs, is clearly beneficial for the pop-
ulations. To better understand the impact of a major public
health intervention such as the introduction of MenAfriVac,
in addition to continued surveillance, the dynamic of clear-
ance, and the long-term protection of the vaccine against
disease and carriage should be further explored.
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Group Ameningococcal disease has been an important public
health problem in sub-Saharan Africa for over a century.
Outbreaks occur there annually, and large epidemics occur at
intervals ranging between 8 and 12 y. The Meningitis Vaccine
Project was established in 2001 with funding from the Gates
Foundation v/ith the goal of developing, testing, licensing, and
introducing an affordable group A meningococcal conjugate
vaccine into Africa. From 2003 to 2009 a monovalent group A
conjugate vaccine, MenAfriVac"*'; was developed at the Serum
Institute of India, Ltd., through an innovative public/private
partnership. Preclinical studies of the new conjugate vaccine
were completed in 2004 and a phase 1study began in India in
2005.Phase 2/3 studies in African1-29 yolds were completed in
2009 showing the new meningococcal Aconjugate vaccine to
be as safe as currently licensed meningococcal polysaccharide
vaccines, but much more immunogenic. After Indian market
authorization (December 2009) and WHO prequaiifkation
(June 2010), MenAfriVacm was introduced at public health
scale using a single 10 \xg dose in individuals 1-29 y of age in
BurkinaFaso, Maliand Niger in December 2010.We summarize
the laboratory and clinical studies leading to prequalification
of MenAfriVacm. The 2011 epidemic season ended with no
reported case of group A meningitis in vaccinated individuals.

Introduction

Neisseria meningitidis, (the meningococcus) is a particularly
important cause of bacterial meningitis in children and adults
because of its potential ro cause epidemics. The relative impor
tance of meningococcal disease as a public health threat var
ies greatly over time and geographic location, but the epidemic
potential of meningococci confers a special public health concern
whenever clinical cases of meningococcal disease occur.

Meningococci are divided into 12 different serogrottps based
upon the expression ofchemically and serologically different cap
sular polysaccharides (PSs).' Virtually all meningococcal disease
is caused by serogroups A, B, C, X. Y and W135. The relative
importance of each serogroup varies with geographic region.

'Correspondence to: Carl E. Frasch; Email: cfraschl@iuno.com
Submitted: 12/01/11; Re/ised: 01/31/12; Accepted: 02/06/12
http://dx.doi.ofg/i0.416i/hv.196i9

Group A meningococcal disease is largely a problem in sub-
Saharan Africa, while .serogroups C and Yaccountfor two-thirds
of the meningococcal disease in the US. Group BN. meningitidis
causes up to 90% of meningococcal disease in some European
countries, while serogroups Xand W135 have caused small- and
moderate-sized outbreaks in Africa. •'

Humans are the only natural host of meningococci, and
about 5-10% of adults are asymptomatic meningococcal carri
ers. Recent data from sub-Saharan African have shown endemic

carriage rates less than 1 percent forgroup A meningococci.'

Protective Immunity

Colonization can at times lead to invasive disease. Expression of
a capsular polysaccharide is a requirement for invasion, but dif
ferent strains of the same serogroup can differ greatly in their
ability to invade and cause disease. Studies by Goldschneider et
al. clearly showed thatonly individuals lacking bactericidal anti
bodies against the circulating virulent meningococcal strain go
on to develop disease."

Prior to development of antibiotics and effective vaccines,
marked reductions in lerhality of meningococcal infections
were achieved using therapeutic sera. Thesuccess of serotherapy
demonstrated the central role of humoral antibody in protec
tion against invasive meningococcal disease.' The critical role
of bactericidal antibodies has been further demonstrated in a
number ofways: (a) the highest incidence ofmeningococcal dis
ease occurs in individuals between 6 and 12 mo ofage, at a time
when bactericidal antibody levels are at their nadir; (b) studies
in US Army recruits in the mid-1960s showed a direct correla
tion between susceptibility to meningitis and absence of scrum
bactericidal antibodies; (c) individuals deficient in complement
components C5, C6, C7 or G8 have an increased susceptibility
to invasive meningococcal infection, even though they may have
high levels of anti-meningococcal antibodies; (d) a correlation
has been shown between the efficacy of meningococcal vaccines
and persistence of vaccine-induced bactericidal antibodies.

Measurement ofbactericidal antibody can serve as a surrogate
for protective immunity, and in the development ofmeningococ
cal vaccines a primary requirement is the demonstration of the
induction of bactericidal antibodies. Antibody responses can also
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Background
Group A meningococci are the source of major epidemics of meningitis in Africa. An 
affordable, highly immunogenic meningococcal A conjugate vaccine is needed.

Methods
We conducted two studies in Africa to evaluate a new MenA conjugate vaccine (PsA-TT). 
In study A, 601 children, 12 to 23 months of age, were randomly assigned to receive 
PsA-TT, a quadrivalent polysaccharide reference vaccine (PsACWY), or a control vaccine 
(Haemophilus inf luenzae type b conjugate vaccine [Hib-TT]). Ten months later, these 
children underwent another round of randomization within each group to receive a 
full dose of PsA-TT, a one-fifth dose of PsACWY, or a full dose of Hib-TT, with 589 of 
the original participants receiving a booster dose. In study B, 900 subjects between 
2 and 29 years of age were randomly assigned to receive PsA-TT or PsACWY. Safety 
and reactogenicity were evaluated, and immunogenicity was assessed by measuring 
the activity of group A serum bactericidal antibody (SBA) with rabbit complement 
and performing an IgG group A–specific enzyme-linked immunosorbent assay.

Results
In study A, 96.0% of the subjects in the PsA-TT group and 63.7% of those in the 
PsACWY group had SBA titers that were at least four times as high as those at baseline; 
in study B, 78.2% of the subjects in the PsA-TT group and 46.2% of those in the 
PsACWY group had SBA titers that were at least four times as high as those at base-
line. The geometric mean SBA titers in the PsA-TT groups in studies A and B were 
greater by factors of 16 and 3, respectively, than they were in the PsACWY groups 
(P<0.001). In study A, the PsA-TT group had higher antibody titers at week 40 than 
the PsACWY group and had obvious immunologic memory after receiving a polysac-
charide booster vaccine. Safety profiles were similar across vaccine groups, although 
PsA-TT recipients were more likely than PsACWY recipients to have tenderness and 
induration at the vaccination site. Adverse events were consistent with age-specific 
morbidity in the study areas; no serious vaccine-related adverse events were reported.

Conclusions
The PsA-TT vaccine elicited a stronger response to group A antibody than the PsACWY 
vaccine. (Funded by the Meningitis Vaccine Project through a grant from the Bill and 
Melinda Gates Foundation; Controlled-Trials.com numbers, ISRCTN78147026 and 
ISRCTN87739946.)

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITE DE GENEVE on April 28, 2013. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 364;24 nejm.org june 16, 20112294

For more than a century, major me-
ningococcal meningitis epidemics have oc-
curred every 10 to 12 years in what is known 

as the African meningitis belt, which stretches 
from Senegal to Ethiopia.1-3 The majority of these 
epidemics have been caused by group A Neisseria 
meningitidis, and incidence rates have been as high 
as 500 cases per 100,000 population, with most 
cases occurring in persons between 1 and 29 years 
of age.4,5 In 2009, more than 50,000 cases of group 
A meningococcal meningitis were reported in north-
ern Nigeria.6 Because of the epidemic potential and 
high disease burden of group A meningococcal dis-
ease, controlling it is a public health priority in 
Africa.1-3,7

To address this problem, the World Health 
Organization (WHO) has emphasized case man-
agement and reactive emergency vaccination with 
polysaccharide vaccines.8,9 Although group A poly-
saccharide vaccine induces a solid antibody re-
sponse in persons between 1 and 29 years of age 
and has been shown to be effective in African 
field trials,10-12 reactive vaccination campaigns 
are expensive and logistically difficult, and they 
have not eliminated meningococcal epidemics. 
In addition, the immunity induced by polysac-
charide vaccines is short-lived and has little or 
no effect on carriage.13,14

In response to the need for more effective me-
ningococcal vaccines in Africa, the Meningitis 
Vaccine Project (MVP), a partnership between the 
WHO and the Program for Appropriate Technol-
ogy in Health (PATH), an international nonprofit 
organization, was established in 2001 with fund-
ing from the Bill and Melinda Gates Foundation. 
The goal of this partnership is to eliminate epi-
demics of group A meningitis through the devel-
opment, testing, licensure, and introduction of a 
group A meningococcal conjugate vaccine that 
would be affordable in Africa.15 The new group A 
meningococcal conjugate vaccine, referred to here 
as PsA-TT, costs less than 50 cents per dose.15,16 
After the completion of a phase 1 study involving 
healthy adults in India,17 two clinical studies were 
conducted to evaluate the safety and immunoge-
nicity of a single dose of the PsA-TT vaccine as 
compared with that of a licensed vaccine with ac-
tivity against meningococcal polysaccharide groups 
A, C, Y, and W135 in persons between 1 and 29 
years of age. We report the results of both studies.

Me thods

Study Design and Oversight

Studies A and B were double-blind, randomized, 
controlled, comparative trials designed to evalu-
ate the immunogenicity and safety of a single 
injection of PsA-TT vaccine in healthy residents 
of the study areas; study A was also designed to 
evaluate the ability of the vaccine to induce immu-
nologic memory. Study A was conducted among 
healthy children between 12 and 23 months of age 
at Centre pour le Développement des Vaccins in 
Bamako, Mali, and the Medical Research Council 
Laboratories in Basse, Gambia. Study B was con-
ducted among healthy children and adults between 
2 and 29 years of age in Mali, in Gambia, and at 
the Institut de Recherche pour le Développement 
in Niakhar, Senegal.

The participants in study A were 601 children, 
12 to 23 months of age, who were randomly as-
signed in equal proportions to receive PsA-TT 
(MenAfriVac, Serum Institute of India); a reference 
vaccine, PsACWY (Mencevax ACWY, GlaxoSmith-
Kline); or a control vaccine, Haemophilus inf luenzae 
type b conjugate Hib-TT, (Hiberix, GlaxoSmith-
Kline). Ten months later, 589 of the participants 
underwent within-group randomization to receive 
a booster vaccination with a full dose of PsA-TT, 
one-fifth of a full dose of PsACWY, or a full dose 
of Hib-TT.18 In study B, participants between 2 and 
29 years of age were recruited and evenly stratified 
according to age into three groups: 2 to 10 years, 
11 to 17 years, and 18 to 29 years. They were then 
randomly assigned in a ratio of 2:1 to receive the 
PsA-TT vaccine or the PsACWY vaccine. Immuno-
genicity, reactogenicity, and short-term safety were 
assessed 4 weeks after both the primary and 
booster vaccinations were administered in study A 
and 4 weeks after the primary vaccination in study 
B. Immunogenicity was also evaluated 10 months 
after primary vaccination and 1 week after booster 
vaccination in study A. Only the staff members at 
the study sites who were responsible for preparing 
the vaccines were aware of group assignments; the 
subjects, other site staff members, investigators, 
laboratory personnel, and sponsors were unaware 
of group assignments throughout the study period.

The main criteria for exclusion were a history of 
vaccination against N. meningitidis within the pre-
ceding 6 years, known exposure to N. meningitidis 
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within the preceding 3 months, allergy or known 
hypersensitivity after any vaccination, and a posi-
tive pregnancy test. (Further details are provided in 
the Supplementary Appendix, available with the 
full text of this article at NEJM.org.) Both studies 
were conducted in accordance with the study pro-
tocols (available at NEJM.org).

The trials were designed and conducted in ac-
cordance with the Good Clinical Practice Guide-
lines established by the International Conference 
on Harmonization and with the Declaration of 
Helsinki.

The Serum Institute of India provided all vac-
cines except the Mencevax vaccine used in study 
A, which was provided by GlaxoSmithKline; all 
vaccines were provided free of charge. All authors 
contributed to the writing of the study and par-
ticipated in the decision to publish the manu-
script. Each participating community provided 
permission to conduct the study, and written in-
formed consent was obtained before enrollment 
from all subjects between 18 and 29 years of age 
and from all parents or guardians of subjects 
younger than 18 years of age. Information on ap-
proval of the study by various committees charged 
with monitoring research involving human sub-
jects is provided in the Supplementary Appendix.

Vaccines

A reconstituted dose of PsA-TT vaccine (0.5 ml) 
contained 10 μg of group A polysaccharide con-
jugated to 10 to 33 μg of tetanus toxoid, 0.3 mg 
Al3+ in AlPO4 (aluminum phosphate) as adjuvant, 
TRIS buffer, 0.01% thimerosal, and 0.9% sodium 
chloride. A reconstituted dose of reference vac-
cine, PsACWY (0.5 ml), contained 50 μg of puri-
fied polysaccharide from each of the N. meningiti-
dis groups A, C, Y, and W135; lactose; sodium 
chloride; and water for injection. A reconstituted 
dose of the control vaccine, Hib-TT (0.5 ml), used 
in study A contained 10 μg of the polyribosylri-
bitol phosphate capsular polysaccharide of H. in-
f luenzae type b (Hib) conjugated to 20 to 40 μg 
of tetanus toxoid, lactose, and sodium chloride. 
Vaccines were injected intramuscularly in the 
right deltoid unless participants were younger 
than 2 years of age, in which case, the right thigh 
was injected; the one-fifth booster doses of the 
PsACWY vaccine were administered subcutane-
ously in the right deltoid.19

Immunologic Evaluation

Blood samples were obtained before vaccination 
and 4 weeks after the primary vaccination in study 
A and the single vaccination in study B. In study A, 
samples were also obtained before the booster vac-
cination (i.e., 10 months after primary vaccination), 
1 week and 4 weeks after the booster vaccination. 
For each blood sample collected, a thick smear was 
examined for malaria. The immunogenicity of the 
PsA-TT vaccine and the group A component of the 
PsACWY vaccine was assessed by measuring the 
activity of group A serum bactericidal antibody 
(SBA) with rabbit complement and performing a 
group A–specific IgG enzyme-linked immunosor-
bent assay (ELISA). Measurement of SBA titers was 
performed at the Health Protection Agency, Man-
chester, United Kingdom,20 and the ELISA was 
performed at the Centers for Disease Control and 
Prevention (CDC), Atlanta, with the use of the 
standard reference serum CDC1992.21 The SBA 
reference strain was F8238, and titers were ex-
pressed as the reciprocal of the final serum dilu-
tion, resulting in a colony-count reduction of at 
least 50% after 60 minutes of incubation.

The primary end point for immunogenicity was 
seroconversion, defined as an SBA titer that was at 
least four times as high as that at baseline 28 days 
after immunization (e.g., baseline titers ≤4 re-
quired postimmunization titers ≥16). Other end 
points included a level of group A–specific IgG 
that was at least 4 times as high as that at base-
line, an SBA titer of 8 or more and 128 or more,22 
percentages of subjects with a group A–specific 
IgG concentration of 2 μg per milliliter or more, 
geometric mean titer, and geometric mean concen-
tration.

Safety Evaluation

Subjects were observed for 30 minutes after vac-
cination to record and treat immediate reactions. 
Subjects were monitored for local and systemic 
postimmunization reactions during daily home 
visits for 4 days; adverse events were assessed for 
1 month, and serious adverse events were assessed 
throughout the course of each study. Subjects (or 
their parents or guardians) were asked about 
tenderness and induration at the vaccination site; 
fever, vomiting, and diarrhea (for all subjects) as 
well as lethargy, irritability, and loss of appetite 
(for subjects between 1 and 10 years of age) and 
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headache, fatigue, myalgia, and arthralgia (for sub-
jects older than 10 years of age). Solicited reactions 
within 4 days were presumed to be vaccine-related. 
Assessment of causality in the case of unsolicited 
adverse events was performed by the study inves-
tigators at each site. A data and safety monitoring 
board was established for studies A and B.

Statistical Analysis

The primary objective of each study was to dem-
onstrate that the PsA-TT vaccine was not inferior 
to the PsACYW vaccine, as determined by the 
achievement of an SBA titer that was at least four 
times as high as that at baseline (noninferiority 
margin for the titer increase, 0.10). The 95% confi-
dence interval for the difference in the proportions 
of subjects with this response in the PsACWY 
and PsA-TT groups was calculated with the use 
of the Miettinen–Nurminen method.23 If the up-
per limit of the confidence interval was less than 
0.10, the PsA-TT vaccine was considered to be 
noninferior to the PsACWY vaccine. The exact 95% 
confidence intervals for the binomial proportions 
were calculated for all applicable secondary end 
points in each vaccine group. The Cochran–Mantel–

Haenszel test was used to compare the proportions 
between vaccine groups with adjustment for age 
in study B. Student’s t-test and Fisher’s exact test 
were used to compare the groups as appropriate. 
Reverse cumulative distribution curves were gen-
erated 4 weeks after primary immunization. All 
immunogenicity and safety analyses were con-
ducted in the intention-to-treat population. Miss-
ing values were treated as missing at random. Data 
were analyzed with SAS software, version 9.1.3. 
Calculations of the sample size required for the 
noninferiority assessment were based on formulas 
derived by Farrington and Manning24 (see the Sup-
plementary Appendix for details).

R esult s

Study Population

In study A, among the 669 subjects who under-
went randomization, 601 (300 in Mali and 301 in 
the Gambia) received the primary vaccination be-
tween September 18 and November 6, 2006; and 
589 received a booster vaccination 10 months 
later (Fig. 1). In study B, among the 909 subjects 
who underwent randomization, 900 were vacci-

900 Received vaccination

909 Subjects 2–29 yr of age
underwent randomization

9 Did not satisfy entry criteria
1 Had a history of meningitis
1 Had a history of allergic disease
2 Were pregnant
5 Had serious chronic illness

1 Moved

604 Were assigned to PsA-TT group 296 Were assigned to PsACWY group

203 Were 
2–10 yr old

202 Were 
11–17 yr old

199 Were 
18–29 yr old

198 Were included
in 4-wk follow-up 

1 Was lost to
follow-up

99 Were 
2–10 yr old

99 Were 
11–17 yr old

98 Were 
18–29 yr old

97 Were included
in 4-wk follow-up 

Figure 2. Randomization and Follow-up of Subjects in Study B.
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nated (300 subjects each in Mali, the Gambia, 
and Senegal) (Fig. 2). All vaccinated subjects were 
included in the analyses. Immunogenicity data on 
SBA titers were available for at least 93% of the 
subjects at each time point in both studies. Demo-
graphic and clinical characteristics of the subjects 
are summarized in the Supplementary Appendix.

Immunogenicity

Immunogenicity was measured 4 weeks after pri-
mary vaccination. In study A, 96.0% of the sub-
jects in the PsA-TT group (95% confidence inter-
val [CI], 92.2 to 98.2) had SBA titers that were at 
least four times as high as those at baseline, as 
compared with 63.7% of subjects in the PsACWY 
group (95% CI, 56.5 to 70.5) and 35.6% of those in 
the Hib-TT group (95% CI, 28.8 to 42.7). In study B, 
78.2% of the subjects in the PsA-TT group (95% CI, 
74.7 to 81.5) and 46.2% of those in the PsACWY 
group (95% CI, 40.4 to 52.1) had titers that were at 
least four times as high as those at baseline. Simi-
lar changes in titer were noted across all age groups. 
On the basis of guidelines from the European Med-
icines Agency, the differences between the PsACWY 
and PsA-TT groups of –32.2 percentage points (95% 
CI, –39.6 to –25.0%) in study A and –32.0 percent-
age points (95% CI, –38.5% to –25.4%) in study B 
support a claim of superiority for the PsA-TT vac-
cine (P<0.001 for both comparisons).25

In studies A and B, the geometric mean SBA 
titers (Table 1) and the proportions of subjects with 
SBA titers of 128 or more after vaccination were 
significantly higher in the PsA-TT group than in 
the other vaccine groups (for details, see the Sup-
plementary Appendix). Postimmunization levels of 
group A–specific IgG were significantly higher in 
the PsA-TT vaccine group than in the other vaccine 
groups in both studies and across all age groups. 
(See Table 1 for geometric mean concentrations 
according to vaccine type, and see the Supple-
mentary Appendix for titers that were at least 
four times as high as those at baseline and for 
percentages of subjects with an IgG level of 2 μg 
per milliliter or more.) Reverse cumulative distri-
bution curves for SBA titers according to study 
and age group are shown in Figure 3; postimmu-
nization results were consistently better with the 
PsA-TT vaccine.

Persistence of Immunologic Response

Forty weeks after the primary vaccination in study 
A, the proportions of subjects who still had an Pr
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increase by a factor of 4 or more in the SBA titer, 
as compared with the preimmunization titer, were 
82.1% (95% CI, 75.9 to 87.2) in the PsA-TT group, 
38.3% (95% CI, 31.4 to 45.5) in the PsACWY 
group, and 38.3% (95% CI, 31.5 to 45.6) in the 
Hib-TT group. The geometric mean SBA titers in 

the three groups were 1167.9 (95% CI, 873.7 to 
1561.3), 47.2 (95% CI, 31.1 to 1.6), and 52.6 (95% 
CI, 34.1 to 81.0), respectively, and the proportions 
of subjects with SBA titers of 128 or more were 
92.3% (95% CI, 87.6 to 95.6), 54.6% (95% CI, 47.3 to 
61.7), and 54.1% (95% CI, 46.8 to 61.3), respectively.
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Figure 3. Reverse Cumulative Distribution Curves for Antibody Titers in Studies A and B, According to the Vaccine Group and the Age 
of the Subjects.

Subjects in study A were randomly assigned to the MenA conjugate vaccine (PsA-TT), a quadrivalent polysaccharide reference vaccine 
(PsACWY), or a control vaccine (Haemophilus influenzae type b conjugate vaccine [Hib-TT]); subjects in study B were randomly assigned 
to PsA-TT or PsACWY. Serum bactericidal antibody activity with rabbit complement was measured at baseline and 4 weeks after primary 
vaccination. Results are shown for subjects in study A, who were 12 to 23 months old (Panel A), and subjects in Study B, who were as-
signed by age to one of three groups: those 2 to 10 years old (Panel B), those 11 to 17 years old (Panel C), and those 18 to 29 years old 
(Panel D). All x-axis values are titers expressed as reciprocals of serum dilutions.
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A similar pattern characterized the between-
group differences in geometric mean concentra-
tions of group A–specific IgG, which were as 
follows: 1.0 μg per milliliter (95% CI, 0.9 to 1.3) 
in the PsA-TT group, 0.4 μg per milliliter (95% 
CI, 0.4 to 0.5) in the PsACWY group, and 0.1 μg 
per milliliter (95% CI, 0.1 to 0.2) in the Hib-TT 
group. Significant differences were also found be-
tween the PsA-TT vaccine group and the PsACWY 
and Hib-TT groups for the other end points based 
on group A–specific IgG values (a level that was 
at least four times as high as that at baseline and 
percentages of subjects with a concentration of 
2 μg or more per milliliter); these data are pro-
vided in the Supplementary Appendix.

Immunologic Memory

To evaluate the ability of the study vaccines to 
induce immunologic memory, we measured geo-
metric mean SBA titers and geometric mean con-
centrations of group A–specific IgG 7 days after 
the booster vaccination in study A. Among the 
subjects who received one fifth of the full dose of 
the PsACWY vaccine, geometric mean SBA titers 
were 8679.1 in the group primed with the PsA-TT, 
2294.5 in the group primed with PsACWY, and 
4418.6 in the group primed with Hib-TT. Among 
subjects who received PsA-TT as the booster dose, 
the geometric mean SBA titers were 21720.7 in the 
group primed with PsA-TT, 12214.2 in the group 
primed with PsACWY, and 14063.4 in the group 
primed with Hib-TT (Table 1). Serologic data re-
corded 28 days after the administration of boost-
ers, summarized in Table 1, showed similar trends.

Safety

Postimmunization reactions and adverse events are 
shown in Table 2. No reactions occurred immedi-
ately after immunization. Rates of injection-site 
and systemic reactions during the first 4 days after 
immunization and rates of adverse events during 
the first 28 days after immunization were similar 
among vaccine groups. However, induration in 
study A and tenderness in study B were reported 
more frequently after primary vaccination in the 
PsA-TT group, whereas vomiting in study A and 
fatigue in study B were reported more frequently 
in the PsACWY group. Diarrhea (in study A), head-
ache (in study B, among subjects 11 to 29 years of 
age), and fever (in study B, among subjects in all 
age groups — 2 to 29 years of age) were the most 

frequently reported systemic postimmunization 
reactions after primary vaccination. Local and sys-
temic postimmunization reactions were transient 
and mild and resolved without sequelae.

Commonly reported adverse events included 
malaria, respiratory infections, gastroenteritis, and 
conjunctivitis. All adverse events resolved without 
sequelae, and no vaccine-related adverse events 
were recorded. In study A, 16 serious adverse events 
were reported within 2 years after primary vacci-
nation, and in study B, 5 serious adverse events in 
5 subjects were recorded within 1 year. In study A, 
5 of the 16 serious adverse events were fatal; no 
deaths were reported in study B. In both studies 
there were no significant differences among vac-
cine groups with respect to serious adverse events 
after vaccination (Table 2). For detailed data on 
solicited local and systemic reactions, adverse 
events, and serious adverse events, see the Sup-
plementary Appendix.

Discussion

The level of SBA activity correlates with the degree 
of protection against meningococcal disease.26,27 
An SBA titer at least four times as high as that at 
baseline is accepted as a criterion for seroconver-
sion and has been used to support the licensing 
of the meningococcal conjugate vaccines Menac-
tra (Sanofi Pasteur) and Menveo (Novartis) in the 
United States.28,29 This criterion can be particu-
larly difficult to meet in a population with high 
baseline titers of antibodies against N. meningitidis. 
Among the subjects in study B who were older than 
2 years of age, 75% had baseline functional antibody 
titers of 128 or higher. Nonetheless, we found that 
the criterion of an SBA titer at least four times as 
high as that at baseline worked well across all age 
groups in comparing the immunogenicity of the 
PsA-TT conjugate vaccine with that of the refer-
ence polysaccharide vaccine, PsACWY. The high-
er proportion of responses in the PsA-TT group 
than in the polysaccharide group indicated that 
the conjugate vaccine was superior.25

The maintenance of antibody levels over time 
is a key determinant of immunologic protection; 
when antibody levels decline, protection wanes, 
even if vaccinees are primed for the development 
of immunologic memory.30 The proportion of 
subjects with persistent antibody responses at 
40 weeks was significantly higher with PsA-TT 
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than with PsACWY, which suggests that recipients 
of the PsA-TT vaccine would have the benefit of 
a longer period of protection.

Conjugate vaccines, by recruiting T-helper cells, 
induce immunologic memory,31 whereas T-cell–
independent polysaccharide vaccines are charac-
terized by hyporesponsiveness after repeated ad-
ministration.32 In study A, 7 and 28 days after a 
booster vaccination with PsACWY at one fifth of 
the full dose (10 μg), subjects who had been 

primed with the PsA-TT vaccine had significantly 
higher geometric mean SBA titers than those who 
had been primed with the PsACWY or Hib-TT 
vaccine. The decline in SBA from day 7 to day 28 
may be attributable to the early rapid expansion 
of antibody-secreting cells, and thus increased an-
tibody production, followed by a contraction or 
down-regulation of antibody-secreting cells as an-
tigen becomes less available. Similar findings have 
been reported in other studies.33,34

Table 2. Reactions and Adverse Events in the Two Studies.

Immunization  
and Vaccine Group

Total No.  
of Subjects

Local Reactions,  
≤4 Days after  
Immunization

Systemic Reactions,  
≤4 Days after  
Immunization

Adverse Events, ≤28  
Days after Immunization

Serious Adverse Events, ≤280 
Days after Immunization or  

450 Days after Booster*

no. % (95% CI) no. % (95% CI) no. % (95% CI) no. % (95% CI)

Study A, 12–23 mo of age

Primary

PsA-TT 201 27 13.4 (9.0–18.9)† 33 16.4 (11.6–22.3) 69 34.3 (27.8–41.3) 3‡ 1.5 (0.3–4.3)

PsACWY 200 10 5.0 (2.4–9.0)† 31 15.5 (10.8–21.3) 62 31.0 (24.7–37.9) 5 2.5 (0.8–5.7)

Hib-TT 200 19 9.5 (5.8–14.4) 31 15.5 (10.8–21.3) 53 26.5 (20.5–33.2) 1 0.5 (0.0–2.8)

Booster

PsA-TT/PsA-TT 64 2 3.1 (0.4–10.8) 8 12.5 (5.6–23.2) 3 4.7 (1.0–13.1) 0 0 (0.0–5.6)

PsA-TT/PsACWY 67 0 0 (0.0–5.4) 8 11.9 (5.3–22.2) 5 7.5 (2.5–16.6) 1§ 1.5 (0.0–8.0)

PsA-TT/Hib-TT 66 0 0 (0.0–5.4) 4 6.1 (1.7–14.8) 4 6.1 (1.7–14.8) 0 0 (0.0–5.4)

PsACWY/PsA-TT 65 1 1.5 (0.0–8.3) 6 9.2 (3.5–19.0) 7 10.8 (4.4–20.9) 2§ 3.1 (0.4–10.7)

PsACWY/PsACWY 64 0 0 (0.0–5.6) 11 17.2 (8.9–28.7) 6 9.4 (3.5–19.3) 1¶ 1.6 (0.0–8.4)

PsACWY/Hib-TT 68 1 1.5 (0.0–7.9) 4 5.9 (1.6–14.4) 7 10.3 (4.2–20.1) 1 1.5 (0.0–7.9)

Hib-TT/PsA-TT 63 1 1.6 (0.0–8.5) 12 19.0 (10.2–30.9) 5 7.9 (2.6–17.6) 0 0 (0.0–5.7)

Hib-TT/PsACWY 66 0 0 (0.0–5.4) 5 7.6 (2.5–16.8) 12 18.2 (9.8–29.6) 0 0 (0.0–5.4)

Hib-TT /Hib-TT 66 1 1.5 (0.0–8.2) 9 13.6 (6.4–24.3) 6 9.1 (3.4–18.7) 1 1.5 (0.0–8.2)

Study B, 2–29 yr of age‖

Primary

PsA-TT 604 34 5.6 (3.9–7.8)** 18 3.0 (1.8–4.7) 56 9.3 (7.1–11.9) 2 0.3 (0.0–1.2)

PsACWY 296 5 1.7 (0.6–3.9)** 5 1.7 (0.6–3.9) 28 9.5 (6.4–13.4) 3 1.0 (0.2–2.9)

* For study B, data apply to serious adverse events 392 days after immunization.
† P = 0.005 by Fisher’s exact test for the comparison of PsACWY with PsA-TT. The difference was mainly due to an excess of indurations re-

ported at one site (Mali).
‡ A total of 10 serious adverse events were reported after primary immunization, 2 of which occurred in one subject in the Hib-TT group:  

2 cases of bronchopneumonia 106 and 272 days after immunization. Two cases of serious adverse events resulted in death: protein ener-
gy malnutrition and acute gastroenteritis 226 and 250 days after immunization in the PsA-TT group. 

§ After the booster immunization, a total of 6 serious adverse events were reported in 6 subjects. Three cases of serious adverse events re-
sulted in death: one from complication of marasmus 42 days after immunization in the PsA-TT/PsACWY group, one from cerebral malaria 
356 days after immunization in the PsACWY/PsA-TT group, and one from hemorrhage caused by internal injuries resulting from a car acci-
dent 398 days after immunization in the PsACWY/PsA-TT group.

¶ One serious adverse event was a case of meningococcal A meningitis in the PsACWY/PsACWY group, which occurred in Mali at the end 
of the 2008 dry season in a 2-year-old boy. He was promptly treated and recovered without sequelae. Serologic results subsequently re-
vealed that he had a response to primary vaccination with the PsACWY vaccine, but the immunologic response subsided rapidly to preim-
munization antibody levels. The subject had a response to a booster of PsACWY vaccine (one fifth of a dose), but the immunologic re-
sponse again subsided rapidly to preimmunization antibody levels, with no evidence of an anamnestic response.

‖ The results for the age groups from 2 to 10 years of age, 11 to 17 years of age, and 18 to 29 years of age, are available in the Supplementary 
Appendix. Systemic reaction reported for Study B includes fever, vomiting and diarrhea. See the Supplementary Appendix for details.

** P = 0.01 by the Cochran–Mantel–Haenszel test for the comparison of PsACWY with PsA-TT after adjustment for age group; the difference 
was due to more reports of tenderness in the PsA-TT group than in the PsACWY group.
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A study conducted in the United States com-
pared the effectiveness of a meningococcal quadri-
valent polysaccharide–diphtheria conjugate vaccine 
with that of a variant of the PsACWY vaccine in 
children 2 to 10 years of age. Twenty-eight days 
after immunization, the geometric mean group A 
SBA titer was greater by a factor of only 0.9 as 
compared with the PsACWY vaccine (1700 [95% 
CI, 1512 to 1912], vs. 893 [95% CI, 791 to 1009] 
with the PsACWY vaccine),35 whereas in our two 
studies, titers were greater by factors of 16 (study 
A) and 3 (study B). Two other meningococcal quad-
rivalent conjugate vaccines have been shown to be 
immunogenic in toddlers and young children.36,37

Our data show that the new group A meningo-
coccal conjugate vaccine, when tested in Africans 
between 1 and 29 years of age, had a safety profile 
similar to that of a licensed polysaccharide vaccine 
but elicited a significantly stronger and more per-
sistent response from functional antibodies against 
group A meningococcus. The new vaccine also had 
the ability to induce immunologic memory. If wide-
spread use of this new vaccine induces herd im-
munity, as was the case in the United Kingdom 
with a group C conjugate vaccine, it could poten-
tially decrease epidemics of group A meningococ-
cal infection in the African meningitis belt.
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