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Abstract 
Outbreaks of Neisseria meningitidis recur frequently in the African Sahel where they are responsible for high mortality and morbidity, 

especially in children. An effective vaccine has been in existence for more than 30 years, but despite this, the control of epidemics has failed. 

Moreover, the geographical distribution of N. meningitidis seems to be increasing, perhaps because of climate change but also because of the 

economic crisis which prevails throughout much of Africa leading to population movements and the breakdown of essential services. 

Although alarming, the emergence of new serogroups in recent epidemics (such as serogroups X and W135) should not mask the fact that 

serogroup A remains the most common meningococcal isolate from meningitis cases and is therefore the most significant target for control. 

The development of a low-cost conjugate meningococcal vaccine should support a strategy of preventive immunization, as this strategy is 

one that appears most effective to control this plague. 
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Introduction 

More than a half of the cases of Neisseria 

meningitidis meningitis that are noted in the world 

occur in the African Sahel [1] where, after malaria and 

diarrhoeal or respiratory disease, it is the most frequent 

cause of mortality in children under 15 years. Recurring 

epidemics are a major feature of the epidemiology of 

this infection, and its significance in communities in the 

Sahel region is shown by, in some African ethnic 

groups, greetings that include questions about recent 

meningitis deaths among children in the family. In 

recent years changes have been observed in the 

epidemiology of N. meningitidis meningitis [2] with 

population migration and climatic changes suspected as 

the causes of the extension of epidemic foci. In addition 

to these geographic and demographic changes, new 

serogroups have emerged in the last decade that are 

involved in both sporadic cases and severe outbreaks, 

leading to new questions regarding the spread of 

infection and its control [3]. 

Following the development of the meningococcal 

polysaccharide vaccine (MPV), two control strategies 

for the prevention of meningitis epidemics have been 

proposed,  preventive strategies which include routine 

immunization or periodic mass campaigns and reactive 

strategies where immunization is conducted only in 

response to the occurrence of a confirmed outbreak 

[4,5]. The current development of a low-cost 

meningococcal conjugate vaccine (MCV) has 

introduced new arguments to the debate regarding 

which of these strategies may be the more effective 

[3,6].  

The purpose of this review is to present some of 

these new issues on meningococcal meningitis 

epidemics in sub-Saharan Africa and to discuss the 

methods of management and control. 

 

Bacteriology 
Neisseria meningitidis is an aerobic gram-negative 

bacterium that is oxidase and catalase positive, and 

reproduces extra-cellularly. Cells of the genus Neisseria 

tend to be arranged in pairs, giving a coffee bean 

appearance. Pathogenic Neisseria are fastidious 

organisms that are difficult to culture in the laboratory, 

and isolation and identification usually requires special 

training and facilities. Unlike some other members of 

the genus, N. meningitidis can be cultivated on regular 

culture media enriched with blood, though care must be 

taken to prevent contamination by other bacteria. The 

capsule that surrounds N. meningitidis (figure 1) 

consists of polysaccharides, the structure of which is 

used to define the serogroups. Below the capsule there 
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is an outer membrane which contains 

lipopolysaccharides and proteins that define the 

immunotypes and serotypes. There are 3 main 

serogroups, A, B and C, of which serogroup A is the 

most important in the Sahel region. In addition, there 

are other serogroups such as X and W135, but these 

remain relatively uncommon. Between the outer and the 

cytoplasmic membranes, peptidoglycans maintain the 

bacterial structure and are involved in metabolic 

exchange. Protein filaments, the pili, extend from the 

outer membrane through the capsule, and they facilitate 

the adhesion of the bacterium to the mucous membrane 

of the oropharynx. While many people in endemic areas 

may have asymptomatic carriage, in some cases the 

meningococci are able to enter into the blood-stream, 

and after passage of organisms in the blood the pili are 

also important in enabling the bacteria to cross the 

meningeal barrier and enter the central nervous system. 

 
Figure 1. Structure of Neisseria. 
Capsule = serogroups; Outer membrane = lipopolysaccharids 

(immunotypes and serotypes); Peptidoglycane between the two 

membranes; Pili = fimbrial proteins (initial binding to epithelial 

cells). 

 
 

Both capsule polysaccharides and outer membrane 

proteins are immunogenic and play an important role in 

virulence, in particular facilitating resistance to 

phagocytosis and crossing of the meningeal membranes. 

Because of their importance in virulence, these antigens 

are good candidate targets for vaccine development.  

Identification of the serogroups of the bacterium during 

an outbreak of meningococcal infections is useful both 

in identifying the epidemiological characteristics of the 

outbreak and also in defining the most suitable vaccine 

to use for control. Because of their role in virulence, the 

morbidity and mortality that occurs in epidemics may 

also be related to particular serogroups, serotypes or 

clones. Comparisons of strains isolated from different 

epidemics and their relationships to disease are, 

however, difficult to interpret because data from 

different studies do not have the same reliability, nor 

the same level of precision. 

High mortality is a regular feature at the beginning 

of an epidemic, before appropriate measures are taken, 

whatever serogroup may be involved. As epidemics 

become more stable, mortality rates usually fall, and 

mortality rates of about 10% have been commonly 

reported in more mature epidemics in sub-Saharan 

Africa [1], a figure that has changed little for several 

decades despite the advances made in diagnosis, 

treatment, and prevention. Case fatality rates of up to 

50% have, in some epidemics, been related to specific 

serogroups, for example the N. meningitidis W135 

epidemic in the Gambia [7] and in Saudi Arabia [8]. 

These have usually been limited epidemics with 

transmission in new geographic regions and so it 

remains difficult to differentiate whether the high 

mortality is due to the virulence of the pathogen or the 

immunologic susceptibility of the host. 

The lack of ―herd immunity" has been suggested as 

a reason for the increase of both the incidence and 

severity of the disease with newly emerging serogroups 

[7].  

 

Epidemiology 
Neisseria meningitidis is a common inhabitant of 

the throat of healthy humans, and asymptomatic 

carriage is a significant factor in the spread of bacteria 

through a community. The frequency of asymptomatic 

carriage of N. meningitidis is seasonal and occurs in all 

age groups [9-13]. Five serogroups (A, B, C, Y and 

W135) are recognized as the groups most commonly 

associated with meningitis, with serogroup A being 

most frequently associated with epidemics in Africa. 

More than one strain may be found at the same time 

within the same population [12] and carriage of 

multiple strains by the same person also occurs [14], 

with estimates of frequency varying from 6 % to 35% in 

different studies [13-16]. Asymptomatic carriage can 

last from 30 days [12] to more than 10 months [15].  

Numerous factors, including climate, virulence and 

susceptibility may be associated with the change from 

carriage to infection. 

While the great majority of epidemics in the Sahel 

are caused by N. meningitidis serogroup A [6], 

epidemics are not always homogeneous. Infections with 

W135 were identified in a large outbreak in Ghana, 

though the majority of infections in the outbreak were 

due to serogroup A, suggesting that in some epidemics 

different strains may be circulating at the same time 
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[17]. Epidemics of N. meningitidis serogroup C of 

variable severity have been recorded in a number of 

West African states such as Nigeria, Burkina Faso, 

Mali, Niger and elsewhere [1]. An 18-year follow-up in 

Niger showed that N. meningitidis A represented more 

than 85 % of the strains isolated in Niamey before the 

emergence of serogroups X and W135 [18] and 

serogroup A remains the predominant isolate even in 

countries where other serogroups have been responsible 

for large epidemics [19,20]. 

Sporadic cases or localized epidemics of N. 

meningitidis X have been reported in some countries, 

generally in inter-epidemic periods [21,22] while more 

recently, wider epidemics due to N. meningitidis X have 

been reported in Niger [20] and Northern Ghana [23].  

In sub-Saharan Africa, the colonial expansion into 

the Sahel countries at the beginning of the 20th century, 

that introduced more effective diagnostic and reporting 

systems, revealed the severity of meningitis in the 

region. Meningococcal meningitis was diagnosed for 

the first time in Senegal at the end of the 19
th
 Century, 

and the first meningococcal epidemics were recorded 

two decades later in northern Nigeria and in French 

Niger. In the 1960s, Lapeyssonnie [24] made excellent 

observations on the epidemiology of N. meningitidis 

meningitis in sub-Saharan Africa and his conclusions 

are still used today. He specified the geographical limits 

of the epidemic areas and the climatic conditions 

favoring the recurrences; he described the African 

meningitis belt as an area of West Africa limited mainly 

by rainfall, being bound by isohyets with the northern 

limit set at 300 mm rainfall per year and a southern 

limit at an1100 mm rainfall (figure 2). Rainfall may not 

be the only factor, however, and the role of climate, 

rain, dryness, dust and wind in the epidemiology of 

meningococcal meningitis is now well established [25-

27]. It has been shown that epidemics begin after at 

least 5 consecutive days with dryness lower or equal to 

30 % [28], accounting for the seasonal occurrence of 

epidemics between February and May in most of the 

countries of the African meningitis belt.  

As with asymptomatic carriage, the incidence of N. 

meningitidis meningitis has generally been considered 

to be influenced by age, being lower in children 

younger than two years and in adults older than 20 

years [24,28,29] However, in some studies the specific 

incidence of N. meningitidis was found to be similar in 

different age groups [30,31], whether during non-

epidemic or epidemic periods. The detection of changes 

in the causes of infant meningitis, from infection with 

Haemophilus influenzae or Streptococcus pneumoniae 

to infection with meningococci, has been suggested in 

other regions as a good indicator of the start of a 

meningococcal meningitis epidemic [31] though this 

may not be reliable in the Sahel region. 
 

Figure 2. African meningitis belt (according to [24]). 

 
 

Epidemics generally occur every 5 to 10 years 

[3,18,24,28] with relapses of epidemics occurring 

frequently one or two years after the first one in the 

same place and population [18,32]. The cycle of 

epidemics is irregular, though, and so far no reliable 

mathematical model can be used to predict epidemic 

occurrences [33]. On the other hand, the influence of 

the climate on epidemics is well known, and satellite-

based climate observations may be a valuable source of 

data that could be used to anticipate the risk 3 to 6 

months before epidemics occur [34]. Because 

environmental factors play such an important role in 

delimiting the at-risk zones, the organization of health 

services for controlling the anticipated epidemic can be 

put in place well in advance of the outbreak of disease 

[35]. 

Over the past thirty years, changes in the 

epidemiologic characteristics of the epidemics of N. 

meningitidis have been recorded, though some suggest 

this is a result of improvements in the monitoring 

system, better case reporting, more relevant descriptions 

of epidemics, and improvement in techniques of 

identification of the bacteria. Nevertheless, an apparent 

increase in the number of cases has been described in 

both rural and urban areas, possibly as a result of 

increased seasonal migrations associated with economic 

factors [36]. While such population changes may 

influence total numbers of cases, they do not explain 

changes in incidence, since these data take population 

size into account (figure 3). The extension of the 

African belt of meningitis is undoubtedly a more 

worrying phenomenon because it could represent the 
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effects of climatic change and so may become a 

permanent feature in the region. Many epidemics have, 

since 1985, occurred outside the historical limits of the 

African meningitis belt [1,2,37-40]. This extension may 

occur as either a gradual extension of the margins of the 

conditions that support the spread of infection [39] or as 

outbreaks in areas far away from the region (such as 

Rwanda or Tanzania), which have had no previous 

history of such epidemics. While climate change, with 

progression of the desert, could explain the proximal 

extension [39], human migrations, such as the 

pilgrimage to Mecca, particularly during dry seasons, 

would be the most likely origin of the distal 

dissemination of infection [1]. Initially such infections 

may result in asymptomatic nasopharyngeal carriage, 

but potentially virulent bacteria may be introduced into 

an immunologically naïve population leading to 

outbreaks in areas where epidemics are previously 

unknown. 
 

Pathology 
As well as asymptomatic carriage, climate may also 

influence the passage through the mucous membrane 

into the blood-stream and the occurrence of disease. 

Environmental conditions such as dryness, wind and 

cold are important factors in the occurrence of African 

epidemics. As noted previously, bacterial genetic 

factors, particularly the molecular structure of the pili, 

are also important in determining whether bacteria can 

cross nasopharyngeal mucous membrane into the blood-

stream [41]. In most cases after crossing the membrane, 

an asymptomatic bacteraemia usually occurs, and this 

may disappear spontaneously in few days. In some 

persons, in particular children not yet immunized, the 

bacteraemia may evolve to a more severe disease. In 

20% to 30% of cases, septicemia may occur and this 

can lead to septic shock with severe hemorrhagic 

cutaneous symptoms (purpura fulminans) with a very 

poor prognosis. More frequently, however, after 

entering the blood-stream, bacteria cross the meningeal 

membranes to cause meningitis. 

Case fatality rates in epidemics of meningitis in 

Africa have been generally recorded as 10% despite 

appropriate action being taken [1,42,43]; however,  as 

noted previously, higher rates up to 50% may be 

experienced at the beginning of an epidemic. 

Neurological sequelae including deafness and mental 

retardation are common, occurring in more than 15% of 

the survivors [43,44].  

 

 

Figure 3. Incidence of meningitis in Niger between 1937 and 

2000 showing the impact of scale changes (absolute number 

versus incidence (sources OCCGE and OMS). 

 

 
 
Immunology and vaccines 

Neisseria meningitidis induces a humoral immune 

response with increasing titres of antibodies appearing 

about a week after contact with the antigen whether 

through infection or immunization [45,46]. Bactericidal 

antibodies are directed against capsular polysaccharides 

and the proteins of the outer membrane, and to a lesser 

extent against the lipopolysaccharides, and it is these 

antibodies that afford protection following 

immunization. Maternal IgG antibodies cross the 

placenta and protect infants during the first three 

months of life, following which infants acquire their 

own antibodies following either direct contact with 

bacteria or as a result of cross-immunity induced by 
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saprophyte bacteria or bacteria closely related to N. 

meningitidis but with low virulence [10]. In countries 

belonging to the African meningitis belt, up to two 

thirds of adults have acquired bactericidal antibodies at 

a protective level [47]. The antibody titres vary in 

different populations with, in general, lower levels in 

countries with wetter climates, probably because of less 

frequent antigenic contact. 

Because capsule polysaccharides are known to be 

important determinants of virulence that are also 

immunogenic, meningococcal polysaccharide vaccines 

(MPV) were the earliest candidate vaccines to be 

manufactured, with marketing of the first commercial 

vaccine providing protection against N. meningitidis A 

and C in 1976. The MPV has been shown to be very 

effective in people older than 4 years, well tolerated, 

and inexpensive [48,49]. The immune response is rather 

poor in younger children [29,50] but in adolescents and 

adults, bactericidal antibodies are maintained for at least 

5 years after vaccination [51]. Continued contact with 

natural antigens may contribute to persistence of 

protective antibody, since in North American 

populations protective antibodies are of much shorter 

duration [4].  

Polysaccharide vaccines induce a T-cell 

independent response, theoretically without inducing 

the production of memory cells. This means that 

immune memory is of short duration, and periodic 

booster immunization is needed to give long-lasting 

protection [52,53]. The decline in protection is known 

to be age-related, being more rapid in younger (<4 

years) than in older children [48]. Young children have 

poorly developed B-cell immunity, and the T-cell 

independent mechanism of responses to MPV may be 

the reason for this rapid decline in protective response.  

These problems with MPV fuelled research into the 

development of protein antigen vaccines, since proteins 

induce a T-cell dependant response that is both effective 

from soon after birth and induces memory. Antibodies 

to meningococcal protein antigens alone were, however, 

not protective, and a strategy of coupling 

meningococcal polysaccharide antigens to 

immunogenic proteins from other bacteria was adopted. 

By covalent coupling to diphtheria or tetanus toxoid, the 

polysaccharides of N. meningitidis A and C acquire 

significantly improved immunogenicity. The 

meningococcal conjugate vaccine (MCV) was marketed 

at the end of 1990s, and was found to be well tolerated 

and induced long-lasting immunity even in young 

children and so, even though expensive, was considered 

to be more suitable for the control of meningitis in 

countries of the African meningitis belt  [54,55]. 

Multivalent MCV vaccines, using a combination of A, 

C, Y, and W antigens, are under development.  The 

overall conclusion of a number of trials has been that 

MCV gives greater and more durable protection than 

MPV, mainly because of the ability to induce memory. 

While theoretical considerations suggest that MCV 

would induce long-lasting immunity in endemic areas, 

there are no long-term data yet available [56]. 

Immune responses to different polysaccharide 

antigens are, however, complex. During a clinical trial 

in Niger, the immune responses of infants to 

polysaccharides A and C were determined following 

immunization with either MCV or MPV [54]. 

Following MCV vaccination, mean antibody titers 

against serogroup A polysaccharide were significantly 

higher than against serogroup C polysaccharide (figure 

4). This was not the case in infants immunized with 

MPV where very similar levels of antibody were found 

against both A and C polysaccharides. Similarly with 

both polysaccharides, bactericidal antibodies (>2 μg/ml) 

were found in a greater proportion of infants following 

MCV vaccination than with MPV vaccination. 

Although mean antibody levels were similar among the 

MPV vaccinated infants, serum bactericidal titers 

against serogroup C were found in 70% of the infants, 

compared with only 31% who had serum bactericidal 

activity against serogroup A. When immunized infants 

were later exposed to MPV vaccine, as a marker of 

contact with meningococcal antigens, the response to 

either of the polysaccharides was greater in infants 

previously immunized with MCV (69% to 92% with 

antibody levels >2 μg/ml) than those previously 

immunized with MPV (59%). These data indicate that 

immune responses to the different vaccines vary more 

than at first thought, and more research is needed to 

give greater understanding of these responses. Clearly, 

though, MCV vaccines have greater potential for 

protection of children than do MPV vaccines. 

The MCV has not been in widespread use for long 

enough to determine the duration of protection, but 

from a theoretical viewpoint, protection probably lasts 

longer than with the MPV [56]. However, in endemic 

areas, the lack of induction of memory by MPV may 

not be such a problem because populations are exposed 

to repeated infections with pathogenic or saprophytic 

Neisseria organisms, playing the role of ―natural 

boosts‖ and reinforcing immunity [57]. 

Herd immunity, where protective mechanisms may 

spread quickly through a community in the absence of 

widespread clinical disease, is poorly understood in 
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meningococcal meningitis though it may be a very 

important factor in the control of epidemics. 

Rhinopharyngeal carriage of N. meningitidis stimulates 

immune responses in mucous membranes, with 

production of locally active IgA in particular [57]. The 

impact of vaccines both on the production of mucous 

antibody and carriage of N. meningitidis has been 

examined, with generally a transitory increase in levels 

of specific salivary antibodies against the 

polysaccharides A and C following vaccination with 

MPV [57,58]. The MPV does not eliminate carriage of 

N. meningitidis though a reduction in the rate of 

contaminations occurring after its administration has 

been recorded [59]. It is probable, as for other conjugate 

vaccines [60] or the monovalent MCV prepared against 

N. meningitidis C [13,56], that the polyvalent MCV 

would have a significant impact on N. meningitidis 

carriage and thus on human-to-human transmission. 

Further studies are needed, however, to demonstrate the 

actual impact of large-scale immunizations with MCV 

on pharyngeal carriage, particularly with regard to the 

possible induction of capsule antigen mutations that 

may select for more virulent strains. 
 

Figure 4. Compared immunogenicity of MPV and MCV in 

infants (according to [54]). 

 
 

The significant decrease of meningitis incidence in 

non vaccinated people after a campaign of 

immunization supports the assumption of effective herd 

immunity even if the reasons remain largely 

unexplained [31,61-64]. Paradoxically, it has been 

suggested that increased vaccine coverage may result in 

an overall decrease in natural immunity at the 

population level. Because MPV induces only short-term 

immunity, failure to receive boosting antigenic stimulus 

by repeated exposure to bacteria means that immunity 

may be rapidly lost [65]. Moreover, the use of vaccines 

may stimulate changes in the epidemiology of carriage 

of different serogroups, though this may not necessarily 

influence the causes of meningitis [23]. During the 

meningococcal meningitis epidemic in Burkina Faso in 

2003, protective antibody titers against N. meningitidis 

A were found in 54% of the population, which had 

received a MPV-A/C vaccine one year previously [16]. 

Nasopharyngeal swabs failed to detect carriage of group 

A serogroup, while 5% of the population carried N. 

meningitidis W135, and only 22% had protective 

antibody to this serogroup and then only of short 

duration and not associated with carriage.  Despite the 

absence of carriage, serogroup A, rather than serogroup 

W135, was the major cause of meningitis in this region 

during this epidemic. The relationship between carriage, 

immunity, and disease is clearly one that is complex, 

and detailed studies are needed to fully understand how 

vaccination may impact on this relationship. 

In general, vaccine coverage against N. meningitidis 

is very low in the meningitis belt of Africa [66] and is 

probably insufficient to interfere with natural immunity 

in populations in this region. The incidence of 

meningitis in the adult population has not undergone 

significant change, either increasing or decreasing, 

during the past 30 years when MPV vaccines have been 

available. We may conclude that natural immunity is 

preserved and not modified by immunization, at least 

with MPV vaccines. 

 

Control of epidemics 
It is well established that healthy carriers of N. 

meningitidis are more important for the dissemination 

of N. meningitidis than are patients [1,36] . Community-

based control measures have, therefore, been considered 

as of little value after the beginning of an outbreak [1], 

and greater attention has been paid to protection of 

persons in contact with patients once an epidemic has 

started. Prevention is primarily founded on two factors: 

a) environmental modification to limit the diffusion of 

the epidemic; and b) immunization of the persons at risk 

(those in contact with patients).  

The environmental conditions conducive to both 

transmission and to the emergence of disease have been 

discussed above. While little can be done, at least at 

community level, to influence climate, many epidemics 

have been associated with specific behavioural 

practices. Frequent interpersonal contact has long been 

known to be a factor in transmission of infections.  

Social events which gather the rural African 

communities (markets, festivals, religious offices, 

funerals, baptisms, weddings or village meetings) may 
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therefore be important factors in transmission [67]. 

There are, however, no intervention studies to show 

whether reducing the frequency of such gatherings 

during an epidemic can lead to significant reduction in 

transmission frequency sufficient to control or prevent 

epidemics. Greater reliance has therefore been given to 

immunization strategies. 

There are two main strategies for immunization— 

reactive and preventive. Reactive immunization targets 

the at-risk population, according to age and outbreak 

proximity [29]. While this strategy is a priori easier to 

perform, immunization carried out during the epidemic 

is undoubtedly too late. This may be one reason that 

selective immunization campaigns, i.e. targeting a 

limited population, has had only limited success in 

control [4,42,68].  

Preventive immunization, given to populations 

before an epidemic begins through mass immunization 

campaigns in regions where epidemics occur, has been 

thought by many to be ineffective for three reasons: 

a) the most widely-available vaccine, MPV, induces 

a poor immune response in children younger than 2 

years [29,48,50] and may even stimulate a defective 

immune response to some group specific antigens [69]  

b) polysaccharide antigens do not induce a T-

dependant immunity, and so immunized children may 

be protected for only a short time [48,52,53,70]  

c) the incidence of N. meningitidis is low in young 

children though rhinopharyngeal carriage may be 

prevalent [24,28,29]  

Preventive immunization would therefore be 

expected to induce only weak and short-lived immunity 

that would be unable to prevent epidemics, and may 

even influence the normal immune responses to 

infection. The strategy currently recommended by 

WHO for controlling meningitis epidemics consists of 

early detection of clinical cases and reactive 

immunization of the people living in the epidemic area 

where an outbreak is confirmed [1,71,72]. The purpose 

of reactive immunization, however, is not to react to an 

ongoing epidemic but to reduce the spread of an 

epidemic when it is beginning. Such a strategy requires 

two things. On the one hand, the case detection and 

monitoring system must be sensitive and specific, so 

that the beginning of an epidemic is identified early, 

and so that true epidemics can be identified. It is 

essential to find an operational compromise between the 

specificity and the threshold of sensitivity of the 

epidemic to avoid an inappropriate implementation of 

the response by a too low specificity or a too great delay 

because of a lack of sensitivity [73]. The epidemic 

threshold that has been considered to be most 

appropriate (based, initially, on the analysis of an 

epidemic in Burkina Faso) is 15 cases per 100,000 

inhabitants per week during two consecutive weeks 

[1,5]. The threshold has subsequently been revised as 

more data from different situations has been 

accumulated [73-76]. The reliability of epidemiological 

data, which depend on population size of communities, 

is an important factor in the reliability of threshold 

determination, and modern approaches introduce the 

concept of two levels of thresholds: alert and action. 

The alert threshold (5 cases per 100,000 inhabitants per 

week in communities of >30,000 inhabitants or 2 cases 

per 100,000 population per week in less populated 

communities) was defined to increase vigilance so that 

the response could be organized in a timely manner. 

The action threshold (set at 10 cases per 100,000 

inhabitants a week in the cities of more than 30,000 

inhabitants and 5 cases a week in the less populated 

communities) defined the time for reactive 

immunization [77].  

It has been shown that the impact of reactive 

immunization was limited, leading to an approximately 

30% reduction in numbers of expected cases even when 

carried out very early in the epidemic [78,79]. If 

introduced later, towards the end of the epidemic 

season, i.e. after the beginning of April, the impact of 

immunization may be confounded with the natural 

decrease of the epidemic [68]. The low effectiveness of 

this strategy convinced its promoters that it was also 

necessary to improve the organization of the 

vaccination campaigns to reduce as far as possible the 

delay between the beginning of the epidemic and the 

reaction. Organizational improvements, such as 

ensuring availability of security stocks of vaccines, 

establishing effective management teams, and the 

creation of internatonal coordination groups involved in 

evaluation of vaccines and logistic requirements have 

been recommended.  

Despite all of these approaches, the annual 

incidence of the meningitis in sub-Saharan Africa 

remains dramatically high (table 1), and the late 

response to and inadequate management of the 

epidemics is regarded by many as the major reason for 

this. In contrast to the obvious failure of current 

strategies [80], the evidence from many epidemiologic 

studies have indicated that large-scale preventive 

immunization using MPV may well be effective [4,42]. 

Large-scale vaccination campaigns with MPV were 

organized in many Sahel countries, including Niger, 

Bénin, Egypt and Senegal [32,81-83]. In Senegal, the 
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incidence of meningitis during the epidemic was two 

times lower in the villages that benefited from large-

scale vaccination two years before, than in the others 

[25]. This study also highlighted a significant link 

between the incidence and the vaccine coverage against 

meningitis. 

 
Table 1. Suspected meningitis cases in Africa between 2001 

and 2007 (sources WHO). 
Countries 2001 2002 2003 2004 2005 2006 2007 

Angola 332 - - - - - - 

Benin 7532 490 367 269 172 - - 

Burkina 

Faso 
10897 11899 7859 5296 2926 3636 22255 

Burundi - 934 - - - - - 

Cameroon 415 - - - - - - 

Central 

African R. 
1816 - - - - - - 

Chad 5780 - 614 863 1001 - - 

Côte 

d’Ivoire 
- 189 - 280 379 130 - 

Democratic 

R. Congo 
378 - - - - - - 

Ethiopia 5636 3540 - 2768 564 - - 

Gambia 137 50 - - - - - 

Ghana - 1407 1454 859 525 - - 

Guinea - 22 - - - - - 

Kenya - - - - - 74 - 

Mali - 336 868 906 326 160 - 

Mauritania - 26 - - - - - 

Niger 4014 3518 8082 3483 1031 614 - 

Nigeria - - 3508 - 247 - - 

Rwanda 164 636 - - - - - 

Senegal - 71 - - - - - 

Somalia - 237 - - - - - 

Sudan 2549 330 - - - 554 1129 

Tanzania - 149 - - - - - 

Togo - 559 313 - - - - 

Uganda - - - - - 551 241 

 

The first model to try to quantify the efficacy of 

different vaccine strategies was developed by Bovier 

[84] and was based on the results of data available from 

experience with the expanded program on 

immunization. These data indicated that the incidence 

of infectious diseases could be greatly reduced, even in 

areas where vaccine coverage was low. This model 

predicted that the two strategies would have similar 

effectiveness, preventing up to 60% of infections. The 

first opportunity to test whether such models could 

accurately predict experience came during an epidemic 

of meningitis in Ghana [85]. In practice, only 23% of 

the cases were prevented during this epidemic in spite 

of very favorable conditions: increasing surveillance 

due to the presence of meningitis epidemics in the 

nearest countries and mobilization of immunization 

teams thanks to large-scale vaccination campaigns for 

yellow fever at the same time [86]. Later experience in 

Senegal, however, showed that a large-scale vaccination 

carried out two years before an epidemic resulted in a 

52% reduction in numbers of expected cases [32], a 

result close to that predicted by the Bovier model. 

In addition to efficacy, the cost of the vaccine 

administration has to be taken into consideration, 

particularly in resource-poor settings such as those of 

the Sahel [87,88]. In the model developed by Miller 

[89], the long-term benefit that may be expected from a 

relatively expensive vaccine that had low efficacy and 

with a low vaccine coverage was assessed. In this 

situation reactive vaccination was shown to be more 

cost effective than preventive vaccination, a conclusion 

similar to that predicted from the Bovier model [84].  

Only one ―experimental‖ study has shown that 

preventive immunization is more cost-effective than 

reactive vaccination [90].  

 

Conclusion 
In the sub-Saharan countries, the epidemics of N. 

meningitidis meningitis continue to result in a high 

mortality in children younger than 15 years and even 

among the survivors, neurological sequelae are 

common. Expensive control measures have, until now, 

proved to be not very effective. The relative cost-

efficacy of preventive vaccination (routine 

immunization of at-risk population to reduce the 

immunologic receptive population) compared with a 

reactive vaccination strategy, (vaccination of at-risk 

populations only in the event of a proven epidemic) 

remains one of the most controversial topics in 

meningitis prevention strategies [4,42,80,86]. The 

controversy will perhaps disappear when routine 

immunization with MCV becomes more generally 

available, because of the proven greater efficacy of 

MCV in stimulating long-term immunity in all age 

groups. While waiting for the arrival of the MCV, 

announced for most than a decade, the current data 

support the view that the MPV preventive-vaccination 

rather than reactive strategy is likely to be the most 

cost-effective approach to the control of meningitis 

epidemics. 

As with other preventive vaccination strategies, 

such as EPI, it is necessary to introduce effective 

operational approaches exploiting the whole of the 

available resources including national days of 
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immunization or medical action, institutional and 

associative relays, health system support, and open or 

school-based immunizations. It is known that the 

mothers are ready to mobilize themselves and take part 

in preventive immunization campaigns and even 

contribute financially to cost recovery [82]. However, 

when the strategy is adopted, it will be necessary to 

define the methods of application which must be both 

acceptable and relevant and evaluate the potential risk 

of meningococci serogroup selection. 
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