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Chapterr 6 

Abstrac t t 
Fromm November 1995 to May 1996, a meningitis epidemic occurred in northern Nigeria. 

Moree than 75,000 cases and 8,440 deaths (Case fatality rate (CFR) 11 %) were recorded. 

Médecinss sans Frontières, in co-operation with the Nigerian government, carried out 

ann assistance program in three northern states (Bauchi, Kano, Katsina) where 75% of 

casess occurred. The assistance consisted of support to case management, surveillance 

andd mass vaccination. Cost-analysis of the MSF assistance in Katsina state reveals that 

casee management and mass vaccination were efficient: US$ 35 per case treated and 

U5$$ 0.64 per vaccination. There was, however, a remarkable difference in cost-

effectivenesss between the two strategies. The cost per death averted by improved 

casee treatment was estimated U5$ 396, while the cost per death averted by vaccination 

wass estimated US$ 6,000. In large part this difference is attributed to the late start of 

vaccination:: more than 6 weeks after passing the epidemic threshold. During meningitis 

epidemicss in countries where surveillance systems are inadequate, such as in most sub-

Saharann Africa, curative programmes should have priority. 
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Introductio n n 
Northernn Nigeria is part of the meningitis belt, an area that in large part consists of the Sahel 

(figg 1). In 1996 northern Nigeria was struck once again by a meningitis epidemic, the worst 

inn 30 years, caused by Neisseria meningitides serogroup A. In January and February, when 

thee news of the epidemic reached the outside world, there were already 7,000 cases registered 

withh a case fatality rate (CFR) >than 20%. An international alarm was sounded and Medians 

sanss Frontières (MSF) sent an exploratory team to the area by mid February 1996. The Nigerian 

governmentt was already vaccinating direct contacts of cases and conducting mass vaccinations 

inn schools and military bases. The government welcomed the offered assistance. Within three 

weekss 40 MSF expatriates had arrived; later this was increased to 90 expatriates. 

Duringg this epidemic, which lasted from November 1995 to May 1996, a total of 75,000 

meningitiss cases were registered, of which 8,440 died (CFR of 11%).1 MSF assistance was 

limitedd to three northern states (Bauchi, Kano and Katsina). The population of these states 

iss fourteen million and 75% of all the meningitis cases in the 1996 outbreak occurred 

there.. In the course of the intervention Nigerian staff vaccinated 5.1 million people, 2.9 

millionn of whom were vaccinated with support of MSF. Furthermore 56,700 cases of 

meningitiss were treated, 30,000 with support of MSF. The costs of the aid delivered by 

MSFF totalled US$ 2.935 Million. 

Thiss article describes the course of the epidemic and the assistance given by MSF in one 

off the three states, Katsina with a population of 4.5 million.2 It analyzes the impact of this 

assistancee and ends with recommendations for future interventions during meningitis 

epidemicss in sub-Saharan Africa. 

Figg 1 The meningitis belt in Africa (CAR = Central African Republic) 
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Result s s 
Descriptionn of the epidemic and the assistance given 

Thee 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. 

Casess (defined as fever, headache and stiff neck) were first reported in November 1995. 

Byy week 5 of 1996 (29 January - 4 February) the generally accepted epidemic threshold 

(155 cases/100,000 population/week, averaged over two weeks)3 was reached and by 

weekk 11 (11-17 March) the peak of the epidemic curve was passed. After week 15 (8-14 

April)) the incidence rate decreased rapidly. 
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Figg 2. Number of meningitis cases per week, Katsina State, Nigeria November 1995 to May 1996. 

Accordingg to district the epidemic curve varied greatly in height as well as in length. The 

periodd between passing the epidemic threshold and the reaching the peak of the epidemic 

curvee varied from 1 to 14 weeks, althoughh several districts had a curve with two peaks. The 

majorityy of peaks occurred between weeks 11-15 (11 March - 14 April). The attack rate 

(cumulativee incidence) for Katsina was 461 cases per 100,000 population, with the rate for 

individuall districts varying from 130 to 885 per 100,000 population. Half of the 20,927 

casess registered in Katsina were male, wi th children and young adults, especially those in 

thee age group 5-14 years, being the most affected. Only 8% of cases were older than 30 

yearss (Table 1). 
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Tablee 1 Meningit is cases and attack rates by age, Katsina State Nigeria, November 1995 to May 1996. 

Agee group (years) No.. of meningitis cases At tackk rate (per 100 000) 

0^1 1 
5-14 4 
15-29 9 
>30 0 
Unknown n 
Tota l l 

5112 2 
9990 0 
3514 4 
11 627 
684 4 

20927 7 

(24)= = 
(48) ) 
(17) ) 
(8) ) 
(3) ) 

(100) ) 

650 0 
771 1 
269 9 

43 3 
NAb b 

461 1 

aFiguress in parentheses are percentages. 
bNAA = not available. 

Reportedd deaths form meningitis during the epidemic in Katsina are shown in Fig. 3. 

Beforee 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). 
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Figg 3. Number of meningitis deaths 

reportedd per week, Katsina State, 

Nigeria,, November 1995 to May 

1996. . 
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Figg 4. Meningitis case fatality rate, 
Katsinaa State, Nigeria, November 
19955 to May 1996. 
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Thee assistance had three components: curative care for meningitis patients, establishment 

off a surveillance system and vaccination campaigns for part of the population. 

Curativee care of patients was supported by providing long-acting oily chloramphenicol, 

syringess and needles, and training of health care staff in the WHO treatment protocols. In 

Katsinaa 20927 meningitis cases were treated in health facilities ranging from hospitals to 

healthh posts; of these 10117 received MSF-supported treatment. 

Thee surveillance system was supported by an epidemiologist and by training of health 

caree staff. Each health care facility completed a form describing the diagnosis, age, sex, 

treatmentt and outcome of each case. The forms were gathered at district level and a 

cumulativee report sent to the state capital. 

Vaccinationn (with a bivalent A+C meningococcus capsular polysaccharide vaccine) was 

conducted,, targeting the age group 6 months to 30 years old. In Katsina State an estimated 

930,0000 people (all ages) were vaccinated; 509,104 of whom received the vaccine with 

thee direct support of MSF- 481,293 in the target age group (26% of the target population). 

Thee MSF supported vaccinations were carried out in 13 of 16 districts.4 

Thee total cost of the MSF meningitis activities (vaccination and curative activities) were 

US$$ 683,000. Vaccines, medicines and materials accounted for 58% of the costs, with the 

remainingg being accounted for as follows: transport 14%, personnel 17%, administration 

4%.. The average cost of an expatriate MSF staff member in the field was 109 US dollars 

perr day. 

Analysiss of the intervention 
Thee epidemiological information of the outbreak must be viewed with caution as it can 

easilyy lead to an eroneous conclusions about the course of the epidemic. Before the MSF 

intervention,, financial and logistical constraints were seriously hampering the surveillance 

system,, leading to incomplete or lack of data. In addition, only a fraction of meningitis 

casess were seen and registered in health care facilities, as many patients were too poor to 

payy for treatment and thus did not present themselves. It is therefore likely that the sharp 

risee in incidence after week 8 (19-25 February) was partly due to the improved surveillance 

andd reporting, as well as the free treatment introduced by MSF. In theory it is also possible 

thatt in many districts the peak of the epidemic was reached before the arrival of MSF in 

Katsinaa State. 

Inn a setting where only the most severe cases are likely to be hospitalised, the estimate of 

thee CFR before the intervention is probably inflated. It could be argued that because access 

too care improved after the MSF assistance and greater numbers of non severe cases are 

registered,, the CFR would appear to fall, even without improvement of curative services. 

However,, not only did the CFR decrease dramatically after the curative support of MSF 
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(Fig.4),, but also the number of reported deaths from meningitis decreased dramatically 

(Fig.3).. This absolute reduction in reported deaths is probably un underestimate due to 

incompletee reporting of deaths before the intervention. Therefore, the reduction of the 

CFRR may largely be attributed to the intervention. 

Efficiency,, impact and cost-effectiveness 
Inn terms of efficiency the cost per vaccinated person was US$ 0.64 in Katsina State. The 

averagee cost for treatment of a meningitis case was US$ 35, with drugs accounting for 

moree than half of this amount. However, only MSF costs are considered here; costs for the 

Ministryy of Health (e.g., for the state and district health staff in the vaccination teams) are 

nott included. As the latter costs largely consisted of national staff salaries, which on average 

aree low compared to costs of drugs, vaccines, materials, transport, and expatriate personnel, 

thee results of the analysis are not greatly influenced. 

Ann analysis of the impact of the vaccination campaign requires an estimate of the number 

off cases of meningitis prevented, calculated by comparing the number of cases that occurred, 

withh a projection of the number of cases that would have occurred had there been no 

vaccination.. For Katsina we calculated the number of cases prevented by the MSF vaccination 

campaign,, using the method described by Pinner.5 The estimate is based on the fact that 

casess occur among nonimmunized persons, and the assumption that vaccination only 

protectss those who are vaccinated and does not prevent meningococcal carriage or 

transmission.. The group of nonimmune persons is composed of unvaccinated persons, 

andd vaccinated persons with incomplete seroconversion. The overall attack rate in the 

nonimmunee population was calculated, using the registered weekly attack rates per district, 

thee 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 

occurredd if no vaccinations had been given. The difference between this estimate and the 

numberr of cases can be attributed to the vaccination campaign. Weekly attack rates in 

bothh the vaccinated and non-vaccinated populations were estimated using the following 

equations:5 5 

Weeklyy overall attack rate = (vaccinated population attack rate X proportion vaccinated) 

++ (nonvaccinated population attack rate X proportion nonvaccinated). 

Vaccinatedd population attack rate = 0.15 x nonvaccinated population attack rate. 
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Applicationn the calculations to the 13 districts in Katsina where MSF assisted indicates 

thatt the total number of meningitis cases prevented by the MSF supported vaccinations 

wass 700.4 This is a reduction of only 3.3% of the 20,927 total registered number of cases; 

withh an average CFR among treated patients in Katsina of 8%, this is equivalent to only 54 

avertedd deaths. The MSF assistance to the vaccination campaign cost US$ 326,000, and 

thee cost per death averted by vaccination is estimated therefore about US$ 6,000. Therefore 

thee cost-effectiveness of the MSF vaccination intervention was low. 

Itt could be argued that vaccination offers protection for future epidemics and that the 

campaignss had an important indirect effect. Unfortunately the future protective effect of 

suchh vaccination campaigns is quite limited, since meningitis vaccine provides protection 

forr only 3-5 years in persons aged above 4 years, and less than one year in children aged 

underr 4 years.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. 

Too calculate the impact of the MSF supported curative activities, we used two methods to 

estimatee the number of deaths prevented: 

-- Before MSF assistance the average meningitis CFR was 17% in Katsina; after the supply 

off free drugs and provision of training to the Nigerian health facilities, the CFR fell to 8%. 

Thee number of deaths prevented by the MSF intervention, can be calculated by taking 

thee product of the number of treated cases and the difference in the CFR = 10,117 x 

(0.17-0.08)) = 910. 

-- The CFR in untreated patients is at least 50% [50-80%,3 6]. The total number of prevented 

deathss can then be estimated: 10,117 x (0.50 - 0.08) = 4,249. 

Since,, at the time of the arrival of MSF in the country, the Nigerian health authorities were 

experiencingg an acute shortage of antibiotics and that oily chloramphenicol was completely 

unavailable,, the second of those two estimates is not unrealistic. The total cost of the curative 

activitiess of MSF in Katsina was US$ 357,000. Depending on which estimate is used, the 

costt of treatment per death prevented was US$ 396 (first calculation above) or US$ 83 

(secondd calculation above). Again, only MSF costs are considered here; costs for the ministry 

off health (e.g., for the state andd district health staff in the health facilities) are not available. 

Vaccinationn strategies 
Determiningg the appropriate vaccination strategy is a problem. Priorities have to be set and 

theree is always a shortage of time and material to vaccinate everyone. How can we determine 

when,, where and whom to vaccinate ? When to vaccinate is fairly clear. To be effective a 

masss vaccination campaign must be conducted as early as possible in the epidemic, within 

4-66 weeks after passing the epidemic threshold.7 A simulation model used for the 1995 
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meningitiss epidemic in Niger8 shows that when the vaccination campaign starts as soon as 

thee epidemic threshold is passed, the number of prevented cases is five times greater than 

whenn the campaign begins at the peak of the epidemic. 

Althoughh the proportion of prevented meningitis cases as a result of MSF vaccination 

campaignn for the entire state of Katsina was calculated to be 3.3%, per district this proportion 

variedd from 2% to 17%. Analysis at district level shows the timing of the vaccination campaign 

relativee to the threshhold (time elapsed between the threshhold and the start of the 

campaign)) is more important than the timing relative to the peak of the epidemic (before, 

duringg or after the peak incidence) (Table 2). This arises because in most cases the epidemic 

curvee is asymmetrical, with the peak occurrring late in the epidemic. Most meningitis cases 

occurr before the peak incidence. Thus, the earlier that vaccination starts after passing the 

epidemicc threshold, the greater will be the effect on the number of cases prevented. 

Tablee 2. Effectiveness of Médecins sans Frontières vaccination activities, according to time of vaccination, 
Katsina,, Nigeria. 

Timee of vaccination Average % of prevented cases No. of districts 

Beforee peak incidence 5 2 
Att peak incidence 9 3 
Afterr peak incidence 5 8 
<88 weeks after passing threshold3 12 3 
8-122 weeks after passing threshold 6 6 
>122 weeks after passing threshold 3 4 

a>> 15 Cases per 100 000 per week. 

Inn Katsina, where vaccination was carried out in 13 of the total 26 districts, only two did 

soo before the peak and only two districts were within 6 weeks after passing the epidemic 

threshold.. These data speak for themselves. It should be borne in mind, however, that in 

retrospectt it is simple to determine that vaccination was carried out too late to be effective. 

Duringg an epidemic ad hoc decisions (to mass vaccinate or not) are needed while the 

progressionn of the epidemic and position on the epidemic curve are unclear. 

Thee following priorities were used, to determine where to vaccinate: 

-- those districts where the epidemic threshold of 15 per 100,000 had been surpassed within 

thee previous 6 weeks; 

-- those districts where the alert threshold of 5 per 100,000 had been surpassed within the 

previouss 8 weeks if an epidemic had been declared in a neighboring district; and 

-- villages with more than 10,000 inhabitants in the chosen districts. 
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Ass is the case in previous studies9 our epidemiological data did not reveal a clear relationship 

betweenn the size of villages and the attack rate. The epidemic foci were not uniformly 

distributedd among the villages in the affected areas. Research was needed to locate where 

mostt cases were occurring in Katsina State. 

Finally,, vaccination should be restricted to the population most affected by the epidemic: 

thosee aged between 6 months and 30 years. In reality this is not always possible since 

duringg an epidemic everyone demands to be vaccinated. 

Itt has been suggested that in high-risk countries meningitis vaccination should be included 

inn the Expanded Program on Immunization (EPI) as the cheapest and most efficient solution. 

Inn general EPI attains high vaccination coverage. The short duration of protection afforded 

byy the meningitis vaccine, however, requires revaccination every three years until 30 years 

off age in order to maintain effective immunity among the population. In young children 

forr whom sero-conversion is low and duration of protection is less than one year, an even 

higherr vaccination frequency would be required.10 

Conclusion s s 
Itt is tempting to attribute the end of the epidemic to the co-ordinated effort of MSF and 

thee Nigerian government (treatment with chloramphenicol, surveillance, training and mass 

vaccination).. We calculated that the impact of the mass vaccination campaign was marginal. 

Inn most districts the epidemic had progressed too far or was even in decline when vaccination 

commenced,, and 3.3% of cases were prevented with vaccination. Other factors such as 

thee onset of the rainy season and the herd immunity {the number of people who develop 

aa natural immunity after contact with the disease) probably played a crucial role in ending 

thee epidemic.11 

Inn view of the rapidity of the epidemic and the relatively late access that MSF had to the 

affectedd 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 

greatt from governmental and international organizations. Also vaccination is often a 

preconditionn for gaining access to implement curative activities. Therefore, a strict, more 

selectivee vaccination strategy is an effective option: vaccinate only in those districts where 

itt is clear that it will still have a significant protective effect. Mass vaccination against meningitis 

iss effective only if it is conducted within 4 to 6 weeks after passing the epidemic threshold 

(>155 cases/100,000 population/week). A functioning early warning and surveillance system 

iss an absolute precondition for this. Only on the basis of timely and reliable information it is 

possiblee to develop effective vaccination strategies. Surveillance must occur at the level of 

smalll administrative units,3 since the epidemic threshold at the level of large administrative 
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unitss (with a population of more than 100,000) will occur too late. In most African countries 

inn the meningitis belt surveillance systems function poorly or not at all, because of the 

increasingg financial and logistical constraints that these countries face. In Nigeria MSF has 

startedd a program to strengthen local capacity for early recognition of epidemics (not only 

meningitiss but also cholera, measles, yellow fever, etc.). Treatment of meningitis patients 

wass effective in the present study: at least 900 deaths were prevented in Katsina. During 

meningitiss epidemics in countries where surveillance systems are inadequate, such as in 

mostt of sub-Saharan Africa, curative care programs should have priority. 
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