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Study of Bacterial Air Pollution
in an Arid Region of Africa Affected by

Cerebrospinal Meningitis
P. GHIPPONI,1 J. DARRIGOL,'2 R. SKALOVA3 & B. CVJETANOVI&4

In 1968 and 1969, a study of the prevalence of airborne bacteria in different types of
dwelling was carried out in Upper Volta and in Mali in order to determine the relationship
between bacterial pollution of the air and the spread of cerebrospinal meningitis.

In homes and schools in Upper Volta the total number of airborne bacteria, including
those of oral origin, was found to be much higher during the dry season, when epidemics
of cerebrospinal meningitis occur, than in the rainy periods.

The study in Mali was carried out during an epidemic of cerebrospinal meningitis;
two districts of the city of Bamako were chosen, those with the highest and lowest rates
of infection. The number of airborne bacteria in the district of high incidence was found
to be 10 times that in the district of low incidence.

The study has shown that high counts of airborne bacteria and organisms of buccal
origin are indicative of conditions that favour the spread of cerebrospinal meningitis.
Sanitary measures to reduce the number of airborne bacteria would therefore be a useful
means of combating epidemics of cerebrospinal meningitis in Africa.

In view of the possibility suggested by certain
workers (Lapeysonnie, 1963) that the microclimatic
conditions existing during the dry season in the rural
dwellings of arid zone countries might facilitate
transmission of meningitis by airborne bacteria, the
present authors tried in 1968 and 1969 to determine
during both the dry and the rainy seasons the extent
and nature of bacterial pollution of the air inside
various types of rural and urban houses in the
African meningitis belt. In 1968 these studies were
made in the Republic of the Upper Volta and more
especially in the Bobo-Dioulasso region, which is
generally involved when a meningococcal cerebro-
spinal meningitis epidemic occurs in Upper Volta.

In 1969 there was an epidemic in Mali, chiefly
among the inhabitants of the capital, and the
authors decided to study bacterial air pollution in
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dwellings in two districts between which there was a
significant difference in the cerebrospinal meningitis
morbidity rate at the time of the epidemic.

DWELLINGS STUDIED

In Upper Volta

For the study of rural dwellings the villages of
Kokoroue and Toussiana were selected, situated
20 and 60 km, respectively, from Bobo-Dioulasso
and each having a traditional type of Volta hut:
round huts with thatched roofs, as at Toussiana, and
cubical huts with beaten-earth roofs, as in the village
of Kokoroue.
For the study of urban homes, in Bobo-Dioulasso

itself, samples were taken in houses in the Dioulas-
soba district, in the centre of the town, and in
dwellings situated in the inner suburbs where
inhabitants with a higher living standard own houses
that generally consist of several rooms, with a
corrugated-iron roof and cement floors.
The village of Kokoroue belongs to the Bobo

tribe, warriors who prefer closely grouped cubical
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huts that are easy to protect. In these huts there is
little ventilation and the rooms are small and dark.
The village of Toussiana belongs to the Toussian

tribe, from the Ivory Coast, and these people prefer
huts with a thatched roof and wider doors, dwellings
that are better ventilated than those in Kokoroue.
At Toussiana there is a Catholic mission and a
college with modem and airy rooms.

In Mali

At Bamako, a serious epidemic of cerebrospinal
meningitis raged during the first months of 1969.
In the course of the first 4 months there were more
than 3 780 cases with 490 deaths. The strains iso-
lated belonged to serogroup A. Two districts of the
town, those most and least affected by the epidemic,
respectively, were studied.

The Niarella district. Here the first cerebrospinal
meningitis cases were recorded and the morbidity
rate was the highest anywhere in the town (11-15 %).
This district is usually very densely populated and
consists of series of compounds each comprising
several huts, which are let and usually occupied.
During the pre-epidemic period there was a very

large influx of sub-tenants, including a considerable
number of agricultural workers who came to work
as labourers during the period between crops.

Thus, in one of the compounds studied there were
at that time, in addition to the usual 13 tenants,
60-69 temporary workers living under very crowded
conditions.

In this district the epidemic claimed up to 2 or
3 victims per compound.

Generally speaking, the huts crowded together in
these compounds consist of a single room without
ventilation, with a thatched roof and a beaten-earth
floor. Cohabitation with poultry and domestic
animals is customary and the standards of hygiene
are very low.

Lafiabougou district. Here, the houses are generally
built of cement-aggregate bricks with a cement
floor and corrugated-iron roof, insulated by a double
ceiling. They have large openings (windows and
doors) and are very well ventilated. Many of the
houses have a yard or small garden and are equipped
with mosquito nets, blankets, and sometimes a
refrigerator.
The morbidity rate was lowest in this district

during the epidemic in question.
Only a limited number of air samples was taken

in these houses, as when they were not closed up,

they were guarded by recalcitrant servants while the
owners were away at work.

METHODS

The air samples for making bacterial counts were
taken using a slit sampler (Bourdillon et al., 1948)
that admitted 1 ft3 (28.3 litres) of air per minute
with an aspiration pressure of 30 mm of mercury.
The particles carrying various airborne bacteria
were collected on different specific solid media so as
to make a total bacterial count per air sample as
well as a count of bacteria of oral and faecal origin
according to a technique already published (Cvjeta-
novic, 1958).
The total number of bacteria suspended in the air

was determined by counting colonies grown on agar
with 10% horse serum. Escherichia coli colonies
were counted on an eosin and methylene blue
medium (EMB Difco).

These two media were poured in Petri dishes
10 cm in diameter and then 28.3 litres of air were
drawn over them. After incubation for 48 hours at
37°C, the typical E. coli and coliform colonies were
counted, while the total number of airborne bacteria
on agar was determined after incubation for 24 hours
at 370C.
For the count of Streptococcus salivarius, used as

an index of pollution of oral origin, the Williams &
Hirch (1950) S1 selective medium was employed. It
was used in Petri dishes 15 cm in diameter over
which 700 litres of air were drawn in 1 minute. The
typical colonies were counted after incubation for
48 hours at 37°C.
During the study made at Bamako, a search was

made for meningococci using the same technique as
for Streptococcus salivarius, but on Thayer & Martin
medium.
To collect the specimen, the slit sampler was

placed in the middle of the room. Near it, at the
same height as the slit, serum agar plates were
exposed in order to count the relatively heavy
airborne bacterial particles deposited spontaneously
during the same time interval of 1 minute.
At the time of taking the air samples, micro-

climatic measurements were made using a mercury
thermometer and a sling hygrometer to measure the
air temperature and relative humidity within the
dwellings.
The number of bacteria and the microclimatic

measurements, as well as epidemiological data of
both a general and a special nature on meningicoccal
infections, were recorded on the spot.
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In each dwelling, 10 air samples were taken to
determine the total number of bacteria and coliform
bacteria (3 for Streptococcus salivarius). Moreover,
in each house two agar plates were exposed to study
the spontaneous settling out of large particles. Plates
on which for one reason or another it was difficult
to count the bacterial colonies were rejected; the
main cause of difficulty was the presence of mycelia
contaminating the samples but few plates were
affected in this way. Variations in the number of
homologous bacteria on the plates were not large.

RESULTS

Bacterial air pollution in Upper Volta
During the dry season (October-May) a study was

made from 13 March to 3 April in a total of 26 dif-

ferent dwellings in two villages and various districts
of the town of Bobo-Dioulasso. In all, 326 samples
were taken on culture media. During this period,
the air temperature in the dwellings varied between
25°C and 36°C and the relative humidity between
18% and 68%.
During the rainy season (June-September), 25

houses were studied in the same villages and the
same urban districts. In all, 349 samples were taken
on culture media. During this period the air
temperature in the dwellings varied between 24°C
and 32°C and the relative humidity between 56%
and 92%.
The premises examined in both villages had one

feature in common: all had beaten-earth floors.
The urban dwellings, however, had cement floors
(Table 1).

Table 1. Types of urban and rural dwellings studied in Upper Volta

Type of construction

No. of Cubical Round
Dwellings dwellings (beaten-earth roofs) (thatched roofs)

Without With Earth Cement
windows windows floor floor

Kokorou6 village 8 4 4 8

Rural Toussiana village 8 1 6 1

Toussiana college 2 2 2

Urban Dioulassoba 3 3 3

Sikassosira 5 1 5 4

Total 26 6 4 14 1 1 9

Judged by the total number of bacteria collected
on serum agar and by the bacteria of faecal origin,
air pollution was distinctly lower in urban dwellings
than in rural ones during both the dry and the wet
seasons. The difference is statistically significant. On
the contrary, the difference in the number of bacteria
of oral origin is not significant since it depends on
the number of inhabitants in the premises, and this
was almost identical in both village and town
dwellings (Table 2).
The most hygienic conditions, during both the dry

and the wet seasons, were found inside the large and
well-ventilated rooms of colleges (Table 2).
The differences in air pollution noted between the

two villages with huts of different types and between

the two districts of the town are shown in Table 3.
The conditions encountered in the rural environ-

ment are much better in the round huts, especially
during the dry season. No very marked differences
were observed between the two urban areas.
With regard to the influence of the seasons on air

pollution, it may be noted that in the dry season the
total number of airborne bacteria collected by the
sampler and on the sedimentation plate was always
3-5 times higher than during the wet season. This
indicates that both light and heavy airborne particles
(containing bacteria) were much more plentiful in the
dry season than in the wet one. On the other hand,
coliform organisms were more plentiful in the rainy
season. The number of oral bacteria (Streptococcus
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salivarius) per cubic metre of air was higher during
the wet season but since there were more persons in
the huts during the rains, there were in reality fewer
Streptococcus salivarius per inhabitant in this season.
Four of the eight huts in the village of Kokoroue

were ventilated by small windows and the influence
of these openings on the airborne bacteria was
studied. No significant difference was found between
the number of airborne bacteria in huts with and
without such windows. They were probably too
small (0.1-0.2 m2) to affect the ventilation, while
being sufficient for the passage of light and smoke.
The influence of the floors of the huts was also

studied. The village huts, with a single exception,
had beaten-earth floors. On the contrary, urban
dwellings always had cement floors. The difference
in the number of bacteria suspended in the air in
huts with cement floors and in those with earth floors
is evident from the data in Table 3. The general
condition of the rooms was much better in the
cement-floored dwellings, however, and the difference

2 nnn,
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in the number of bacteria might have been due to
factors other than the state of the floor.

Fig. 1 shows that there is an inverse correlation
between the relative humidity and the number of
bacteria suspended in the air.

Bacterial pollution of the air in Mali
The acute epidemic of cerebrospinal meningitis

began to subside in May 1969, and studies began in
the first week of June in the two districts of Bamako
with the highest and lowest morbidity rates.
A total of 16 houses was chosen at random;

10 were in Niarella, the district most affected by the
epidemic, and 6 in Lafiabougou, the district least
affected. It was difficult to determine the exact
morbidity rate in each district. In Laflabougou, it
was well under 1%, while in Niarella it exceeded
10%: in the latter district 2 or 3 cases often occurred
in one house or one family. During the epidemic
period, the households contained many temporary
inhabitants. Only a few persons were at home during
the daytime when the air samples were taken.

60
Relative humidity (%)

70 80 90 100

Fig. 1. Concentration of airborne bacteria in relation to relative humidity during the dry and wet seasons (1 ft3 =
28.3 litres)
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Table 4. Types of house and degree of bacterial pollution in two districts of Bamako

i i ~~~~~~~~~~~~~~~~~~~Volume
No. of Hut Villa FlooraRooflAir Relative Total number Coliforms S. salivarius of air perhouse Hut Villa Floora Roof b temperature humidity of bacteria (per inhabitanthouse ~~~~ ~~~~~(OC)(%M (per ft3) (prf3 700 litres) present (in3)

Niarella

1 x T CH 30 67 1 452.4 15.2 16.3 17.5

2 x T CH 32 62 1 755.4 10.6 12.7 15.0

3 x T CH 32 62 1 100.4 11.0 14.3 9.0

4 x T CH 32 62 1 457.2 2.2 12.0 11.4

5 x C TT 32 59 1 294.66 4.8 17.0 10.5

6 x C CH 32 56 1 319.33 2.4 21.3 19.5

7 x T CH 33 57 1 056.0 1.2 17.0 21.0

8 x T CH 32 56 1 400.2 0.2 18.0 15.0

9 x T CH 33 57 1 279.4 9.6 19.0 4.25

10 x T CH 32 62 1 414.0 4.8 16.7 10.0

Lafiabougou

11 x C B 30 50 245.4 7.2 12.7 90.0

12 x C TT 32 46 150.8 0 12.0 12.0

13 x C TT 32 46 120.8 4.6 12.7 20.0

14 x C TT 32 46 111.8 0.6 7.3 20.0

15 x C TT 32 46 175.2 0.6 7.3 27.0

16 x C TT 32 51 116.6 0.2 10.3 24.0

a T = beaten-earth; C = cement.
b TT = corrugated iron; CH = thatched; B = concrete terrace.
C 1 ft3 = 28.3 litres.

Table 4 shows the numbers of airborne bacteria invariably had concrete floors and roofs of solid
found in houses of different types. material. The actual space per inhabitant in Lagia-

Table 5 shows the degree of air pollution in the bougou was much greater than shown since fewer
two districts. people crowded into the homes at night than was
The houses in Niarella mostly had floors of beaten the case in Niarella.

earth and roofs of straw, while in Lafiabougou they The total number of bacteria was invariably

Table 5. Average rates bacterial pollution in two districts of Bamako

No. of No. of Volume
No. of Temperature Relative Total no. of No. of S. salivarius meningococci of air perDstrict odwellings (OC) umidity bacteria/ft3a coliforms/ft3a (per (per inhabitant

( ) 700 litres) 700 litres) (m3)

Niarella 10 32.0 60.0 1 356.9 6.38 19.1 0 13.3

Lafiabougou 6 31.7 47.5 153.4 3.1 10.4 0 32.2

a 1 ft3 = 28.3 litres.
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higher in the houses in Niarella, as were the indi-
vidual totals of coliform organisms and of Strepto-
coccus salivarius. The number of airborne bacteria
in the district as a whole was about 10 times higher
in Lafiabougou, and in the same proportion as the
incidence of meningococcal meningitis. If the samp-
ling had been done when the houses were full of
people, the differences in the numbers of Strepto-
coccus salivarius and coliforms would have been even
greater.
An attempt was made to isolate Neisseria

meningitidis from the air but this was unsuccessful
for two reasons: there were very few persons in the
houses at the time of sampling, and the amount of
air taken was relatively small. Moreover, the slit
sampler used in the study was not so efficient as certain
other more advanced equipment (Artenstein et al.,
1967, 1968) to which we did not have access.
The difference in' the numbers of airborne bacteria

found in the two districts of Bamako indicates that

districts with crowded premises are more liable to
a high attack rate than districts with higher standards
of housing.

DISCUSSION AND CONCLUSIONS

The studies in Upper Volta showed that in the dry
season the air in the dwellings is much more polluted
by airborne bacteria, including those of oral origin.
Dwellings with ventilation and cement floors have
fewer airborne bacteria.

In Bamako, Mali, where conditions of air pollu-
tion capable of influencing the transmission of
infection were studied during an epidemic of
meningococcal meningitis, it was found that houses
in the district with the highest incidence of infection
also had the highest counts of airborne bacteria.

It seems that the incidence of airborne bacteria,
including organisms of oral origin, in African homes
represents a useful index for determining the relative
danger of transmission of cerebrospinal meningitis.
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RESUME

ETUDE DE LA POLLUTION BACTERIENNE DE L'AIR DANS UNE RtGION ARIDE D'AFRIQUE
TOUCHtE PAR LA MtNINGITE CtREBRO-SPINALE

En 1968-1969, la densite des bacteries a ete etudiie
dans l'air de divers types d'habitations de la Haute-Volta
et du Mali, pour voir s'il existait un lien entre la pollu-
tion bact6rienne de l'air et la propagation de la meningite
cerebro-spinale.
En Haute-Volta, on a constate que la teneur bacte-

rienne totale de l'air, y compris les micro-organismes
d'origine buccale, etait beaucoup plus elev&e dans les
habitations et les ecoles pendant la saison seche, periode
des epidemies de meningite, que pendant la saison
des pluies.

Au Mali, les dtudes menees au cours d'une epidemie
de mdningite cerebro-spinale ont porte sur les deux quar-
tiers de Bamako ofi le taux de morbidite etait respec-
tivement maximal et minimal. La teneur bacterienne de
l'air etait dix fois plus dlevee dans le premier cas.

I1 ressort de ces dtudes que l'abondance dans l'air
de bacteries et de micro-organismes d'origine buccale
est l'indice de conditions favorables a la transmission
de la meningite cerdbro-spinale. Les mesures d'assainis-
sement visant a reduire le nombre de bacteries en suspen-
sion dans l'air constituent donc une arme utile dans la
lutte contre les epidemies de cette affection en Afrique.
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