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Priority during a meningitis epidemic:
vaccination or treatment?*
H. Veeken,1 K. Ritmeijer,1 & B. Hausman1

From November 1995 to May 1996, a meningitis epidemic occurred in northern Nigeria. More than 75000
cases and 8440 deaths (case fatality rate (CFR), 11%) were recorded. M6decins sans Frontieres, in
cooperation with the Nigerian government, carried out an assistance programme (support to case manage-
ment, surveillance and mass vaccination) in three states (Bauchi, Kano, Katsina) where 75% of cases
occurred. Cost analysis of this assistance in Katsina State reveals that case management and mass
vaccination were efficient: US$ 35 per case treated and US$ 0.64 per vaccination. There was, however, a
remarkable difference in cost-effectiveness between the two strategies. The cost per death averted by
improved case treatment was estimated to be US$ 396, while the cost per death averted by vaccination was
estimated to be US$ 6000. In large part this difference is attributed to the late start of vaccination: more than
6 weeks after the epidemic threshold had been passed. During meningitis epidemics in countries where
surveillance systems are inadequate, such as in most of sub-Saharan Africa, curative programmes should
have priority.

Introduction
Northern Nigeria is part of the meningitis belt, an
area that in large part consists of the Sahel (Fig. 1). In
1996 northern Nigeria was struck once again by a
meningitis epidemic, the worst in 30 years, caused by
Neisseria meningitidis serogroup A. In January and
February 1996, when the news of the epidemic
reached the outside world, there were already 7000
cases registered, with a case fatality rate (CFR) of
>20%. An international alarm was sounded and
Medecins sans Frontieres (MSF) sent an exploratory
team to the area by mid-February 1996. The Nigerian
government was already vaccinating direct contacts
of cases and conducting mass immunization
in schools and military bases. The government
welcomed the MSF assistance. Within 3 weeks, 40
MSF staff had arrived, and later this was increased
to 90 individuals. During this epidemic, which lasted
from November 1995 to May 1996, a total of 75000
meningitis cases were registered, of which 8440 died
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(CFR, 11%) (1). MSF assistance was limited to three
northern states (Bauchi, Kano, and Katsina). The
population of these three states is 14 million and 75%
of all the meningitis cases in the 1996 outbreak oc-
curred there. In the course of the intervention, Ni-
gerian health staff vaccinated 5.1 million people, 2.9
million of whom were vaccinated with the support of
MSF. Furthermore, 56700 cases of meningitis were
treated, 30000 with the support of MSF. The costs of
the aid delivered by MSF totalled US$ 2.935 million.

This article describes the course of the epidemic
and the assistance given by MSF in one of the three
states, Katsina (population, 4.5 million) (2). It analy-
ses the impact of this assistance and ends with
recommendations for future interventions during
meningitis epidemics in sub-Saharan Africa.

Results

Description of the epidemic and the
assistance given
The course of the epidemic in Katsina (Fig. 2)
showed an initial phase with a gradual increase, a
second phase with a sharp increase, and a final phase
with an abrupt end.

Cases (defined as individuals presenting with
fever, headache, and stiff neck) were first reported in
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Fig. 1. The meningitis belt in Africa (CAR = Central African Republic).
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November 1995. By week 5 of 1996 (29 January-4
February) the generally accepted epidemic threshold
(15 cases per 100000 population per week, averaged
over 2 weeks (3)) was reached, and by week 11 (11-
17 March) the peak of the epidemic curve had been
passed. After week 15 (8-14 April) the incidence
decreased rapidly. According to district, the epi-

demic curve varied greatly in height as well as in
length. The period between passing the epidemic
threshold and reaching the peak of the epidemic
curve varied from 1 to 14 weeks, although several
districts had curves with two peaks. The majority of
peaks occurred between weeks 11-15 (11 March-14
April). The attack rate (cumulative incidence) for

Fig. 2. Number of meningitis cases per week, Katsina
State, Nigeria, November 1995 to May 1996 (epidemic
threshold >15 cases per 100000 persons per week).
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Table 1: Meningitis cases and attack rates, by age
group, Katsina State, Nigeria, November 1995 to May
1996

Age group Attack rate
(years) No. of meningitis cases (per 100000)

0-4 5 112 (24)a 650
5-14 9 990 (48) 771
15-29 3 514 (17) 269
230 1 627 (8) 43
Unknown 684 (3) NAb

Total 20927 (100) 461

a Figures in parentheses are percentages.
b NA = not available.

Katsina was 461 cases per 100000 population, with
the rate for individual districts varying from 130 to
885 per 100000 population. Half of the 20927 cases
registered in Katsina were male, with children and
young adults, especially those in the age group 5-14
years, being the most affected. Only 8% of cases
were older than 30 years (Table 1).

Reported deaths from meningitis during the
epidemic in Katsina are shown in Fig. 3. Before the
MSF assistance, the CFR in Katsina was, on average,
17%; after the start of the intervention the CFR
quickly decreased to approximately 8% (Fig. 4).

The assistance had three components: curative
care for meningitis patients; establishment of a
surveillance system; and vaccination campaigns for
part of the population. Curative care of patients was
supported by providing long-acting oily chloram-
phenicol, syringes, and needles and by training
health care staff in WHO treatment protocols. In
Katsina 20927 meningitis cases were treated in
health facilities, ranging from hospital to health

Fig. 3. Number of meningitis deaths reported per
week, Katsina State, Nigeria, November 1995 to May
1996.
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Fig. 4. Meningitis case fatality rate, Katsina State,
Nigeria, November 1995 to May 1996.
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posts; of these, 10117 received MSF-supported
treatment.

The surveillance system was supported by an

epidemiologist and by training of health care staff.
Each health care facility completed a form describ-
ing the diagnosis, age, sex, treatment, and outcome
of each case. The forms were gathered at the district
level and a cumulative report was sent to the state
capital.

Vaccination (with a bivalent A + C meningo-
coccus capsular polysaccharide vaccine) was con-

ducted, targeting the age group 6 months to 30 years.
In Katsina State an estimated 930000 people (all
ages) were vaccinated, 509104 of whom received the
vaccine with the direct support of MSF 481 293 in
the target age group (26% of the target population).
The MSF-supported vaccinations were carried out in
13 of the 16 districts.

The total costs of the MSF meningitis activities
in Katsina (vaccination and curative activities) were
US$ 683000. Vaccines, medicines, and materials ac-
counted for 65% of these costs, with the rest being
accounted for as follows: transport, 14%; personnel,
17%; and administration, 4%. The average cost of
an expatriate MSF staff member in the field was US$
109 per day.

Analysis of the intervention

The epidemiological data for the outbreak must
be viewed with caution, as it can easily lead to
erroneous conclusions about the course of the epi-
demic. Before the MSF intervention, financial and
logistical constraints were seriously hampering the
surveillance system, leading to incomplete or lack of
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data from many districts. In addition, only a fraction
of meningitis cases were seen and registered in
health care facilities, as many patients were too poor
to pay for treatment and thus did not present them-
selves. It is therefore likely that the sharp rise in
incidence after week 8 (19-25 February) was partly
due to the improved surveillance and reporting, as
well as the free treatment provided by MSF. In
theory it is also possible that in many districts the
peak of the epidemic was reached before the arrival
of MSF in Katsina State.

In a setting where only the most severe cases are
likely to be hospitalized, the estimate of the CFR
before the intervention is probably inflated. It could
be argued that because access to care improved after
the MSF assistance and greater numbers of non-
severe cases are registered, the CFR would appear to
fall, even without any improvement in curative ser-
vices. However, not only did the CFR decrease dra-
matically after the start of the curative support by
MSF (Fig. 4), but also the number of reported deaths
from meningitis decreased dramatically (Fig. 3).
This absolute reduction in reported deaths is prob-
ably an underestimate due to incomplete reporting
of deaths before the intervention. Therefore, the re-
duction of the CFR may largely be attributed to the
intervention.

Efficiency, impact, and cost-effectiveness. In terms
of efficiency, the cost per vaccinated person was
US$ 0.64 in Katsina State. The average cost of treat-
ing a meningitis case was US$ 35, with drugs ac-
counting for more than half of this amount.
However, only MSF costs are considered here; costs
for the ministry of health (e.g. for the state and dis-
trict health staff in the vaccination teams) are not
included. As the latter costs largely consisted of na-
tional staff salaries, which on average are low com-
pared to the costs of drugs, vaccines, materials,
transport, and expatriate personnel, the results of
the analysis are not greatly influenced.

An analysis of the impact of the vaccination
campaign requires an estimate of the number of
cases of meningitis prevented, calculated by compar-
ing the number of cases that occurred with a projec-
tion of the number of cases that would have occurred
had there been no vaccination. For Katsina we calcu-
lated the number of cases prevented by the MSF
vaccination campaign using the method described by
Pinner et al. (5). The estimate is based on the fact
that cases occur among nonimmunized persons
and the assumption that vaccination protects only
those who are vaccinated and does not prevent
meningococcal carriage or transmission. The group
of nonimmune persons consists of unvaccinated
individuals and vaccinated persons with incomplete

seroconversion. The overall attack rate in the
nonimmune population was calculated using the reg-
istered weekly attack rates per district, the weekly
vaccination coverage per district, and the efficacy of
the vaccine (estimated at 85%). If the attack rate
among the nonimmune population is projected to
the entire population, an estimate can be made of the
number of meningitis cases that would have oc-
curred had no vaccinations been given. The differ-
ence between this estimate and the number of cases
can be attributed to the vaccination campaign.
Weekly attack rates in both the vaccinated and
nonvaccinated populations were estimated using the
following equations (5):

Weekly overall attack rate = (vaccinated popula-
tion attack rate x proportion vaccinated) +
(nonvaccinated population attack rate x proportion
nonvaccinated)

Vaccinated population attack rate = 0.15 x
nonvaccinated population attack rate

Application of the equations to the 13 districts
in Katsina where MSF assisted indicates that the
total number of meningitis cases prevented by the
MSF-supported vaccinations was 700 (4). This is a
reduction of only 3.3% of the 20927 total registered
number of cases; with an average CFR among
treated patients in Katsina of 8%, this is equivalent
to only 54 averted deaths. The MSF assistance to the
vaccination campaign cost US$ 326000, and the cost
per death averted by vaccination is therefore about
US$ 6000. Therefore the cost-effectiveness of the
MSF vaccination intervention was low.

It could be argued that vaccination offers pro-
tection for future epidemics and that the campaigns
had an important indirect effect. Unfortunately, the
future protective effect of such vaccination cam-
paigns is quite limited, since meningitis vaccine pro-
vides protection for only 3-5 years in persons aged
>4 years and for <1 year in under-4-year-olds (3).
Only if a large epidemic were to occur within 3-5
years of a vaccination campaign would part of the
population be sufficiently protected.

To calculate the impact of the MSF-supported
curative activities, we used two methods to estimate
the number of deaths prevented.

* Before MSF assistance the average meningitis
CFR was 17% in Katsina; after the supply of free
drugs and provision of training to the Nigerian
health facilities, the CFR fell to 8%. The number of
deaths prevented by MSF intervention can be calcu-
lated by taking the product of the number of treated
cases and the difference in the CFR = 10 117 x (0.17
- 0.08) = 910.
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* The CFR in untreated patients is at least 50%
(range, 50-80%, (3, 6)). The total number of pre-
vented deaths can then be estimated as 10 117 x
(0.50 - 0.08) = 4249.

Since at the time of the arrival of MSF in the
country the Nigerian health authorities were experi-
encing an acute shortage of antibiotics and oily
chloramphenicol was completely unavailable, the
second of these two estimates is not unrealistic. The
total cost of the curative activities of MSF in Katsina
was US$ 357000. Depending on which estimate is
used, the cost of treatment per death prevented was
US$ 396 (first calculation above) or US$ 83 (second
calculation above). Again, only MSF costs are con-
sidered here; those for the ministry of health (e.g. for
the state and district health staff in the health facili-
ties) are not available.

Vaccination strategies. Determining the appropriate
vaccination strategy is a problem. Priorities have to
be set and there is always insufficient time and mate-
rial to vaccinate everyone. How can we determine
when, where, and whom to vaccinate? When to vac-
cinate is fairly clear. To be effective, a mass vaccina-
tion campaign must be conducted as early as possible
in the epidemic, within 4-6 weeks after passing the
threshold (7). A simulation model used for the 1995
meningitis epidemic in Niger (8) shows that if the
vaccination campaign starts as soon as the epidemic
threshold is passed, the number of prevented cases is
five times greater than if the campaign begins at the
peak of the epidemic.

Although the proportion of prevented meningi-
tis cases as a result of MSF support to the vaccination
campaign for the entire Katsina State was calculated
to be 3.3% per district, this proportion varied from
2% to 17%. Analysis at the district level shows that
the timing of the vaccination campaign relative to
the threshold (time elapsed between the threshold
and the start of the campaign) is more important
than the timing relative to the peak of the epidemic
(before, during, or after the peak incidence) (Table
2). This arises because in most cases the epidemic
curve is asymmetrical, with the peak occurring late in
the epidemic. Most meningitis cases occur before the
peak incidence. Thus, the earlier that vaccination
starts after passing the epidemic threshold, the
greater will be the effect on the number of cases
prevented.

In Katsina, where vaccination was carried out in
13 of the total 26 districts, only two did so before the
peak and only two were within 6 weeks of passing the
epidemic threshold. These data speak for them-
selves. It should be borne in mind, however, that in
retrospect it is simple to determine that vaccination

Table 2: Effectiveness of Medecins sans Frontieres'
vaccination activities, according to time of vaccina-
tion, Katsina, Nigeria

Average %
of prevented No. of

Time of vaccination cases districts

Before peak incidence 5 2
At peak incidence 9 3
After peak incidence 5 8
<8 weeks after passing thresholda 123
8-12 weeks after passing threshold 6 6
>12 weeks after passing threshold 3 4

a>15 Cases per 100000 per week.

was carried out too late to be effective. During an
epidemic ad hoc decisions (to mass vaccinate or not)
are needed while the progression of the epidemic
and position on the epidemic curve are unclear.

The following priorities were used to determine
where to vaccinate:
- those districts where the epidemic threshold of 15

cases per 100000 had been surpassed within the
previous 6 weeks;

those districts where the alert threshold of 5 cases
per 100000 had been surpassed within the previ-
ous 8 weeks if an epidemic had been declared in
a neighbouring district; and

- villages with more than 10000 inhabitants in the
chosen districts.

As is the case in previous studies (9), our epidemio-
logical data did not reveal a clear relationship be-
tween the size of villages and the attack rate. The
epidemic foci were not uniformly distributed among
the villages in the affected areas and research was
needed to locate where most cases were occurring in
Katsina State.

Finally, vaccination should be restricted to the
population most affected by the epidemic: those
aged 6 months to 30 years. In reality this is not always
possible since during a meningitis epidemic everyone
demands to be vaccinated.

It has been suggested that in high-risk countries
meningitis vaccination should be included in the Ex-
panded Programme on Immunization (EPI) as the
cheapest and most efficient solution. In general, EPI
attains high vaccination coverage. The short dura-
tion of protection afforded by meningitis vaccine,
however, requires revaccination every 3 years until
30 years of age in order to maintain effective immu-
nity among the population. In young children, for
whom seroconversion is low and the duration of pro-
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tection is <1 year, an even higher vaccination fre-
quency would be required (10).

Conclusions
It is tempting to attribute the end of the epidemic to
the coordinated effort of MSF and the Nigerian
government (treatment with chloramphenicol, sur-
veillance, training and mass vaccination). We calcu-
lated that the impact of the mass vaccination
campaign was marginal. In most districts the epi-
demic had progressed too far or was even in decline
when vaccination commenced, and only 3.3% of
cases were prevented by vaccination. Other factors
such as the onset of the rainy season and herd immu-
nity (the number of people who develop a natural
immunity after contact with the disease) probably
played a crucial role in ending the epidemic (11).

In view of the rapidity of the epidemic and the
relatively late access that MSF had to the affected
areas, it would have been better not to vaccinate
from a cost-effectiveness perspective. In practice,
however, this option is not realistic since pressure to
vaccinate is great from governmental and interna-
tional organizations. Also, vaccination is often a pre-
condition for gaining access to implement curative
activities. Therefore, a strict, more selective vaccina-
tion strategy is an effective option: vaccinate only in
those districts where it is clear that it will still have
a significant protective effect. Mass vaccination
against meningitis is effective only if it is conducted
within 4-6 weeks after passing the epidemic thresh-
old (>15 cases per 100000 population per week). A
functioning early warning and surveillance system is
an absolute precondition for this. Only on the basis
of timely and reliable information is it possible to
develop effective vaccination strategies. Surveillance
must occur at the level of the small administrative
unit (3), since the epidemic threshold at the level of
large administrative units (population >100000) will
occur too late. In most African countries in the men-
ingitis belt surveillance systems function poorly or
not at all because of the increasing financial and
logistic constraints that these countries face. In Ni-
geria MSF has started a cooperative programme
with the ministry of health to strengthen local capac-
ity for early recognition of epidemics (not only men-
ingitis but also cholera, measles, yellow fever, etc.).

Treatment of meningitis patients in the present
study was effective: at least 900 deaths were pre-
vented in Katsina, a mortality reduction of at least
36%. During meningitis epidemics in countries
where surveillance systems are inadequate, such as
in most of sub-Saharan Africa, curative care pro-
grammes should have priority.

Acknowledgements
We acknowledge the work carried out by Dr P. Farese, Dr
A. Procupet Blaustein, Mr J. Margets, and Mr J. Bastos.
Also, Mr D. Drayer is thanked for preparing the figures. We
gratefully acknowledge the work of the Ministry of Health
of Nigeria and the Medecins sans Frontibres teams who
implemented the meningitis intervention and collected the
data.

Resume
Quelle priorite pendant une epidemie de
meningite: vaccination ou traitement?
De novembre 1995 a mai 1996, une 6pid6mie de
meningite a frapp6 le nord du Nig6ria. Plus de
75000 cas et 8440 d6ces ont et6 enregistr6s (taux
de l6talit6: 1 1%). Medecins sans Frontieres (MSF),
en coop6ration avec le gouvernement nigerian, a
r6alis6 un programme d'assistance (aide a la prise
en charge des cas, surveillance, vaccination de
masse) dans trois Etats du nord du pays (Bauchi,
Kano, Katsina) ou sont survenus 75% des cas. Cet
article decrit l'evolution de l'6pid6mie et I'assistance
fournie par MSF dans l'Etat de Katsina (4,5 millions
d'habitants).

La semaine 5 de l'ann6e 1996, le seuil
6pid6mique de 15 cas pour 100000 habitants par
semaine (moyenne sur deux semaines) a 6t6 atteint,
et la semaine 11 le pic de l'epid6mie etait d6pass6.
Au total, 20927 cas ont ete enregistres; seuls 8%
d'entre eux avaient plus de 30 ans. Le taux d'atteinte
etait de 461 cas pour 100000. Avant I'assistance de
MSF le taux de l6talit6 6tait de 17%; apres le d6but
de l'intervention il est rapidement tomb6 a 8%.

Environ 930000 personnes ont ete vaccin6es
(dont 509104 avec le soutien direct de MSF) par
des 6quipes de personnels de sante de l'Etat et du
district; 10117 malades ont requ un traitement avec
le soutien de MSF. Le coOt total des activit6s de
MSF consacrees a la m6ningite (vaccination et
traitement) dans l'Etat de Katsina a ete de USD
683000. La prise en charge des cas et la vaccina-
tion de masse ont ete efficientes: USD 0,64 par
vaccination et USD 35 par cas traite. Le nombre
total de cas de m6ningite 6vites grace aux
vaccinations effectu6es avec le soutien de MSF a
ete 6valu6 a 700 (soit une r6duction de 3,3% seule-
ment), avec un nombre de deces 6vit6s estim6 a
54. Compte tenu du coOt de I'assistance de MSF a
la campagne de vaccination (USD 326000), on
estime a environ USD 6000 le coOt par deces evite.

Le coOt total des activit6s de MSF en matiere
de traitement a ete de USD 357000. Selon le mode
de calcul, le nombre de d6ces evit6s a ete estime
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soit a 900 soit a 4280 et le coOt du traitement par
d6ces 6vit6, a USD 396 ou USD 83.

L' analyse au niveau du district montre que la
chronologie de la campagne de vaccination par rap-
port au seuil 6pid6mique (temps 6coul6 entre le
franchissement du seuil et le d6but de la
campagne) est plus importante que par rapport au
pic de l'6pid6mie. Une fois le seuil 6pid6mique
pass6, plus la vaccination est pratiqu6e t6t, plus
l'effet sur le nombre de cas evit6s sera sensible.

Dans la plupart des districts 6tudi6s, 1'6pid6mie
6tait d6ja trop avanc6e ou avait meme commence a
d6cliner lorsque la vaccination a commenc6. Une
strat6gie vaccinale plus selective est donc une
option efficace: il ne faut vacciner que dans les
districts ou il est certain que la vaccination aura
encore un effet protecteur significatif. La vaccina-
tion de masse n'est efficace que si elle est pratiqu6e
4 a 6 semaines apres le franchissement du seuil
6pid6mique. Pour d6terminer ce moment, il est ab-
solument indispensable de disposer d'un systeme
operationnel de surveillance et d'alerte precoce.

Le traitement des malades a ete efficace: au
moins 900 d6ces ont et6 6vit6s dans l'Etat de
Katsina, soit une r6duction de la mortalit6 d'au moins
36%. Pendant les 6pid6mies de meningite dans les
pays oO les systemes de surveillance sont
insuffisants, comme c'est le cas dans la plupart des
pays d'Afrique subsaharienne.
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