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SYNOPSIS

Four villages in Kordofan Province of the Sudan were selected
by the authors to determine the effectiveness of mass prophylactic
treatment with sulfa drugs and penicillin in controlling cerebro-
spinal meningitis epidemics in rural areas with highly primitive
living conditions. Sulfadimidine was given orally in two of the
villages, and procaine penicillin G in oil with 2% aluminium mono-
stearate (PAM) was given intramuscularly in the other two. The
population of the villages was classified by age and by sex and
given the following prophylactic doses: in Kaldung village, where
93% of the population was treated, 4 g of sulfadimidine were given
to persons over 15 years of age, 2.5 g to those between 15 and 5,
and 1.5 g to those under 5; in Korongo Abdulla, the same age-
groups received 2.0 g, 1.0 g, and 0.5 g, respectively, and 34% of
the population was treated; in El Machicha and Miri Bara villages,
PAM was given to 38% and 90% of the respective populations in the
dosage of 150,000 units to those over 15 years of age, 100,000 units
to those between 15 and 5, and 75,000 to those under 5.

In this campaign, some 4,000 people were examined daily and,
where necessary, treated by a medical staff of four with five trained
assistant dressers. The drugs had a noticeable influence on the
number of cases in the protected groups, which showed an incidence
of 4.86 cases per 1,000 of the total population of the 4 villages
against 17.68 cases per 1,000 in the unprotected groups. The authors
point out that in the Sudan it is not possible to take a neighbouring
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2 A. MACCHIAVELLO AND OTHERS

village as the control unit, since each village is an epidemic unit
in itself and the results from treated and untreated would thus
not be comparable. It was therefore decided to take that portion
of the village population which did not receive treatment as the
control series. The conditions under which the controls lived were,
as regards environment and exposure to infection, strictly compar-
able to those of the treated persons. The results were similar with
sulfa drugs and with penicillin.

The authors conclude that mass chemoprophylaxis with sulfo-
namides or penicillin of populations living under primitive condi-
tions is effective in the group treated, whatever the stage of the
epidemic at the time of treatment, but that there is no reason
to assume that it influences the development of the epidemic.
There is no clear explanation why the groups protected did not
become reinfected, but it is thought that this was perhaps due to
the development of a low-grade immunity in previous carriers
cleared by the prophylactic treatment.

Introduction

Cerebrospinal meningitis epidemics have been reported in the Sudan
since the end of the 19th century. The last epidemic cycle started at the end
of 1949, and by 1952 nearly 60,000 cases had been reported, covering all
the provinces of the country, except Bahr el Ghazal and Equatoria, where
the disease is more endemic in character.

In the past decade, the fatality rate for cerebrospinal meningitis decreased
in the Sudan, as elsewhere, and fell from 60 %-75 % to a little more than 10 %,
thanks to the widespread use of sulfa drugs. In fact, it was in the Sudan
that some of the earlier work with sulfonamides was carried out by Bryant &
Fairman,'6'7 Somers,62 and Buchanan.18 Earlier measures, including qua-
rantine of contacts and isolation of patients, had met with repeated failure.

That sulfatherapy has excellent effects in decreasing cerebrospinal-fever
fatality has been reported unanimously by a large number of authors since
the early days of experiments on animals (Buttle, Gray & Stephenson; 19

Proom; 56 Rosenthal, Bauer & Branham; 57 Branham & Rosenthal; 13
Brown; 15 Branham; 11,12 and others). These reports were confirmed when
Schwentker et al.,59 Crawford & Fleming,21 Banks,' and Jewesbury 39

introduced sulfanilamide therapy in human cases of the disease, followed
by treatment with sulfapyridine, reported by Hobson & MacQuaide 3' and
the workers already mentioned for the Sudan.

The therapeutic use of sulfa drugs in cerebrospinal meningitis has been
described by a great number of authors, some interesting reports being
those of Banks,2-6 Banks & McCartney,7 Fairbrother,27 Williams &
Brinton,68 Trevett et al.,64 Dingle et al.,24 Wilcox & Cutts,67 Dingle &
Findland,23 Harries,31 Findland et al.,29 Feldman et al.,28 Hodes & Strong,35
Daniels et al.,22 Hill & Lever,33 Thomas,63 Beeson & Westerman,8 Jubbs,40
Lepper et al.,43 Mueller,50 Horwitz & Perroni,36 Pizzi,55 Karamchandani
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& Haider,41 Mitman,49 the Infectious Diseases Sub-Committee,60
Vengsarkar,65 Vengsarkar et al.,66 Zeller et al.,66 Hoyne & Brown,37 Dowling
et al.,26 Bonetti Dupont & Loza Colomer,9 Matthews,46 and others.14 32 61

In spite of the curative power of sulfonamides, their use did not mean
an economic saving to the public-health services of the Sudan, since field
quarantine wards, medical and nursing care of patients, and the cost of
treatment continued at the same level as before their introduction. Of
course, there was an effective saving in human economy corresponding
to the saving in human life.

From the medical administrative point of view, cerebrospinal meningitis
continues to be the most pressing national health problem, justifying the
continued effort of the Sudan Medical Service to control the disease.
Although mass prophylaxis with sulfa drugs has proved successful in
closed communities, such as army camps, schools, and factories, and has
sometimes been recommended for general community use, it has never
been conclusively shown that this procedure can protect large cities or
sparse rural populations.

Fairbrother 27 was the first to use sulfonamide drugs in the treatment of
meningococcus carriers. Nevertheless, he stated that the use of such drugs
" is likely to have only a limited application, as their wholesale administra-
tion is impossible . . . The results recorded . . . indicate that in adequate
dosage the administration of sulphapyridine is an effective and rapid method
of removing meningococci from the naso-pharyngeal mucosa."

Banks,6 summarizing the use of sulfa compounds in mass prophylaxis,
says "Mass prophylaxis by administration of sulfonamide simultaneously
to all members ofan infected semi-isolated community does eliminate carriers
as well as clinical cases to a very large extent" (page 266).

Mass prophylaxis with sulfa drugs has been applied by Meehan &
Merrilees 48 in a children's residential home in Australia; in a city of 100,000
inhabitants surrounded by mountains; in military camps (Lewis et al.,4
Mueller.50 Painton,52 and Phair et al.54); and to a specific part of the popu-
lation of a large city, mainly contacts of cases (Horwitz & Perroni 36).

The trials made by Hussein 38 in Egypt, where more than a million
selected members of the population were submitted to preventive chemo-
prophylaxis with sulfa drugs during the 1950-1 epidemics, may have been
effective in diminishing the case incidence during the second epidemic
year, but no adequate proof of such an effect was given. Sulfa drugs were
administered on three occasions, probably to the same members of the
population, mainly selective groups.

Reading the many reports available on the effectiveness of sulfa com-
pounds in cerebrospinal fever, we notice that most of them refer to treat-
ment, to prophylaxis in closed communities, to experimental trials for the
clearance of meningococci carriers, and to epidemics in urban communities,
for which epidemiological facts have not been accurately established. To
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our knowledge, no trials have been made to demonstrate that sulfaprophy-
laxis is really effective in eliminating cerebrospinal meningitis epidemics
from a whole area inhabited by a scattered rural population gathered in
small communities.

Considering the rapid evolution of cerebrospinal meningitis epidemics,
and the variability of incidence from one year to another, a reported
decrease of incidence in comparison with previous epidemic experience in
the same place does not in our opinion prove the effectiveness of the
prophylaxis.

Banks 6 recognized that by mass prophylaxis with sulfa drugs " the
carrier rate is reduced to a very low figure for 3 weeks or more and then
gradually rises, but by the time it does so the occurrence of clinical cases
has stopped." He concludes: " This method has little application, how-
ever, to infected individual households in an ordinary civilian community,
since its members, unless isolated from the rest of the community, would
quickly become reinfected" (page 266).

The place of penicillin in the treatment of cerebrospinal fever is uncertain.
Sulfonamides are still considered the drugs of choice, and penicillin is not
commonly recommended for general use as a therapeutic agent (Harries
& Mitman,32 Meads et al.,47 the Infectious Diseases Sub-Committee,60
Vengsarkar et al.,66 and others).

No experiments have to our knowledge been carried out to test the
prophylactic value in cerebrospinal meningitis of mass application of
penicillin to either urban or rural communities.

In this paper, we have shown that chemoprophylaxis, either with
sulfa drugs or with penicillin, is effective in controlling cerebrospinal
meningitis epidemics developing in rural communities. We also intend to
prove that the methods worked out may, under routine procedures of health
administration, be easily applied, even under the most primitive living
conditions, such as those obtaining in the Nuba Mountains of the Sudan,
where our experiments were carried out.

All previous attempts to control cerebrospinal meningitis epidemics
by an effective, cheap, and easily managed method of control, had given
poor results. Effective methods of control would represent an important
saving to the Government. Further, in a country where agriculture and
industry are flourishing, and where workmen are scarce, it is essential to
keep up the full strength of human production capacity. Cerebrospinal
meningitis, which increases the rate of disability among workmen just at
the time when labour is needed to help with the cotton crop, has a very
considerable effect on the local economy.

In trying to develop an effective but cheap method of control in rural
communities, due attention was paid to the possibility of finding an easier
administrative approach, this consideration being as important as the
effectiveness of the prophylactic agents to be used.

4



CONTROL OF CEREBROSPINAL MENINGITIS EPIDEMICS 5

Chemoprophylactic Agents Selected

The following two drugs were used

Suljadimidine
This drug was added to the British Pharmaceutical Codex in 1949,

and is 2-(aminobenzenesulfonamide)-4,6-dimethylpyrimidine. The drug
actually used was Sulphamezathine,a a relative of sulfadiazine, but with
two methyl groups attached to the carbon atoms on the pyrimidine
ring. It was chosen because of (a) its rapid absorption and the high, early,
peak-blood level obtained, which may reach 8 mg per 100 ml with an initial
dose per adult of 3-4 g; (b) the facility with which it diffuses into the cere-
brospinal fluid, reaching a concentration approximating half that of the
blood level ; (c) its reported low toxicity; (d) the facility of excretion and the
low tendency of the drug to crystallize in the urine, both of which reduce
the need for liquid intake (the danger of crystalluria and haematuria because
the volumes of urine are decreased by heavy perspiration needs to be consi-
dered in the hot environment of the Nuba area); (e) the absence of reports
of case fatality due to the toxic effect of the drug; and (f) the price (which
was lower for us than that of other sulfa compounds), the fact that some
quantity of the drug existed locally, and the existence of a large stock
belonging to the Sudan Medical Service.

Nevertheless, we must call attention to the fact that the ability of Sulpha-
mezathine to diffuse into the cerebrospinal fluid has been questioned; that
the rapidity of its excretion shortens the maintenance of an adequate blood
level, particularly when only one single dose is administered; that the amount
of drug bound to the plasma protein and therefore considered inactive is
greater in this than in other compounds; that the high rate of acetylation
makes a large part of the absorbed drug therapeutically inactive; and that
all these drawbacks, which may be easily overcome when repeated doses

TABLE 1. PROPHYLACTIC TREATMENT SCHEDULES ACCORDING TO AGE

Penicillin Sulphamezathine
(units) (g)

Age-group
(years)

Miri Bara El Machicha Kaldung Korongo Abdulla
village village village village

<5 75,000 75.000 1.5 0.5

5-15 100,000 100,000 2.5 1.0

> 15 150,000 150,000 4.0 2.0

a Sulphamezathine is the registered trade name for the sulfadimidine product manufactuxed by Imperial
Chemical Pharmaceuticals Ltd.
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make it possible to secure the necessary blood level, are serious disadvantages
when a single prophylactic dose is used. The pharmacology of sulfadiazine
(Kuhns et al.,42 Cheever,20 Marangoni & D'Agati,45 Schoenbach & Phair,58
Gefter et al.30) and sulfamerazine (Oliver & Anderson 51) suggest that they
might advantageously replace Sulphamezathine, except, perhaps, as regards
toxicity and local price.

Two schemes were used for the administration of this drug, as shown
in table I.

Penicillin
Procaine penicillin G in oil with 20% aluminium monostearate (PAM)

was used at the dosage shown in table I and was selected for the following
reasons:

(a) Its slow absorption produces a significant permanent blood level
for at least eight hours, which is comparable with the effect of a single 4-g
dose of sulfadimidine for adults. This effect is obtained with 150,000 units
which will produce a serum-penicillin concentration with a maximum level
of as much as 0.3 units per ml). Most strains of meningococcus are
sensitive to penicillin at a concentration below 0.2 units per ml (Dowling
& Hirsh 25). Consideration must be given to the fact that the plasma-bound
penicillin is not active.

(b) Boor & Miller,10 working with penicillin, obtained good protection
of mice and rabbits against the lethal action of meningococcic and gono-
coccic endotoxins, although it appears that penicillin has no action against
exotoxins.

(c) The use of intramuscular injections ensures that the proper dose of
the drug is administered. Owing to its repository effect it does not need
to be repeated at intervals. Other formulations of penicillin have not these
advantages and are obviously useless for mass chemoprophylaxis.

(d) A great advantage of penicillin for field use is its lack of toxicity, at
least in comparison with sulfa drugs. Skin rashes, fever, dyspnoea, syncope
or shock, etc., were completely absent in our series.

(e) As in mass chemoprophylaxis of cerebrospinal meningitis we are
dealing actually with meningococcus carriers and not with cerebrospinal
meningitis cases, the objection that penicillin does not pass through the
meninges, or at least not so easily as the sulfa compounds, is immaterial.

Taking into consideration the fact that the serum concentration of
penicillin in children may not be proportional to body weight as in adults,
we gave two-thirds of the adult dose to children between 5 and 15 years of
age and one half to children under 5 years of age, the groups in which
cerebrospinal meningitis cases are most frequent. On an average, 75,000
units in children under 5 years of age would produce a serum concentration
of penicillin of over 0.3 units per ml for at least twelve hours.

6
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Experimental Area

The Nuba Mountains are a chain of hills located in the southern part of
Kordofan Province, and include the districts of Tegale and Jebels with a
total area of some 30,000 square miles (approximately 80,000 km2), and a
total population of about 640,000. The Kadugli sub-district is the most
populated in the area, with an estimated population of 146,900 in 1950.
The villages in which the experiments were carried out are located approxi-
mately at 1ION. and 280E.-290E. Towns or important villages of the
area are located in the valleys between the hills, which are approximately
1,500-3,000 feet (about 500-1,000 m) above sea level. Hamlets, small
villages, or huts are usually built on the slopes and near the summit of the
hills. The highest peaks of the Nuba Mountains are the Moro hills, reaching
approximately 3,000 feet (about 1,000 m). The central local administration
of the Kadugli sub-district is in the village of Kadugli.

Rural life in the Nuba Mountains is of the most primitive type. The
inhabitants, who are negroid, live in small hamlets composed of tribal groups
of the same race, but where the size of the population may vary. The people
are pleasant, with a normal physical development, and are well fitted to
stand the unfavourable conditions of the naturally hostile environment,
despite living nude on the slopes of the mountains and in the forests of
sparse xerophilous vegetation, and being beset by scarcity of food, the
extreme heat of summer, and the winter rains. Their social system is based
on tradition. They appear well developed mentally, are understanding and
co-operative, and favour health activities. This attitude is largely due to
the cerebrospinal epidemics, which have made ravages among the Nubans.

The Sudan Medical Service has organized a network of dispensaries and
so-called " quarantine stations"' to treat patients during epidemic times.
Although conditions in these medical posts are rather primitive, the medical
care imparted to cerebrospinal meningitis patients has been most successful,
as is shown by the reduced fatality rate. These services are, nevertheless,
expensive and need careful supervision by the health authorities.

Four villages were selected for the experimental trials of mass chemo-
prophylaxis against cerebrospinal meningitis; all of them were infected
with the disease before the trials were begun (see table II).

A village must be understood as being a conglomeration of dwellings
(conical huts with thatched roofs) separated from each other by open
spaces; it may be a collection of several hamlets grouped in a more or less
well delimited area. Conditions for the four villages under trial may be
considered similar in regard to race, so and economic conditions,
environment, climate, housing, relati op to more populated centres,
agriculture, food, movement of population, political tribal system, occupa-
tion, family customs and habits, education, etc. All four villages may be
reached from Kadugli by car.

7
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TABLE II. GENERAL DATA ON 4 SUDANESE VILLAGES GIVEN PROPHYLACTIC
TREATMENT FOR CEREBROSPINAL MENINGITIS

First reported Number
VillageEstimated case of of cases Form of Date of

population cerebrospinal before chemo- ceo-
meningitis chemo- prophylaxis prophylaxis

Kaldung 1,954 7 February 115 Sulpha- 25 March 1952
1952 mezathine

Korongo
Abdulla 4,762 28 January 145 Sulpha- 26 March 1952

1952 mezathine

Miri Bara 1 26 February 24 penicillin 24 March 1952
1952

El Machicha 2,330 23 March 1952 9 penicillin 25 March 1952

Total 10,394 293

Methods

The aim was to administer the prophylactic drugs in the shortest possible
time. In the biggest community under trial, nearly 1,800 people were handled
in about three hours' effective work. The prophylaxis was administered by
the authors personally, with the help of one medical assistant and several
assistant male nurses and helpers. The organization of attendance at the
prophylactic posts was left to the tribal authorities and worked with sur-
prising efficiency. The treatment posts were established in rest-houses,
usually huts with thatched roofs, or in the open air. The materials were
prepared on the spot. Women and children were attended to first. A simple
numerical sex and age control was established, using coloured tickets with
serial numbers. Age-groups were established for those under 5 years of age,
5 to 15, and over 15. Age and sex classification and the corresponding
distribution of tickets were in the charge of one doctor of the team through-
out the four trials. Errors in estimating individual ages are admitted,
particularly for girls of about 5 years of age and for boys of about 15.

As population statistics for the area were not available, we used the
estimated population officially accepted by the local civil administration,
which is based mainly on the number of taxpayers, land-holders, etc. The
estimated numbers of persons of each sex and of each age-group are less
accurate. An indication of this inaccuracy was found in Kaldung, and this
case is discussed later on. It is possible, although not certain, that the
estimates used in this paper refer to previous years.

No accidents were observed during or after the field work. No compli-
cations arising from the injections appear to have occurred. No difficulties
were encountered to disturb or delay the operational machinery. The

8
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people were most co-operative and really anxious to receive prophylactic
treatment.

Sulfamezathine was administered orally, in tablets of 0.5 g to adults
and in an emulsion of the tablets ground in water to children. All
persons treated were obliged to drink a liberal amount of water. The
total theoretical amount of Sulphamezathine expected to be needed for the
trials was almost exactly the amount actually dispensed.

Penicillin was administered by intramuscular injection. The nudity of
the people greatly facilitated the work, and the population preferred the
injections, believing them to be more effective.

To summarize, from the administrative point of view, we have shown
that it is possible to deal with 4,000 people per day with a team composed
of four medically qualified persons and five trained assistant dressers,
particularly if the field work becomes a matter of routine and is well prepared
in advance with the full co-operation of the local authorities.

Control

We had in mind to undertake mass prophylaxis of the total population
of the areas selected for the experiments, to look upon these areas as closed
communities, and to avoid reinfection from outside by giving to the floating
population (newcomers or villagers in transit entering the treated villages)
a prophylactic dose of sulfa drug to eliminate potential carriers. This
idealistic scheme did not prove practicable and was abandoned.

As a fairly representative number of the population (different for each
village treated) escaped prophylaxis, these persons were selected as controls,
having the advantage of being a part of each section of the same community
and of living under strictly comparable conditions of physical and social
environment as well as regards infection.

The procedure of using neighbouring, untreated, infected villages, or
even the whole Kadugli area, as controls for the experiment did not prove
advisable. Owing to the epidemiological conditions of cerebrospinal
meningitis epidemics in the Sudan, particularly the characteristics of the
village epidemics, which will be discussed later, the selection of controls
between different communities, no matter how near to each other, may
create difficulties in the appraisal of results.

From a careful study of the epidemic characteristics of rural cerebro-
spinal meningitis epidemics in the Kadugli area, we arrived at the conclusion
that it is impracticable to compare the evolution of two epidemics by assess-
ing the actual number of reported cases, when the true relation of " appa-
rent " to " unapparent " infections is unknown. Although in some important
village communities the disease may last for from one to four months, in
many more villages the infection is represented by only one or two cases

9
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and disappears without any apparent reason. The danger of selecting a
limited number of control areas is evident and may give rise to disappoint-
ment by the failure of the control villages to provide a sufficient number of
clinical cases.

It was also impracticable to use the whole of the Kadugli area as a
control area because of the impossibility of making a complete and accurate
analysis of the conditions of the component local epidemics.

For these reasons, we established the only reliable control possible
within the experimental areas themselves by comparing the trend of the
cerebrospinal meningitis epidemics in the protected and unprotected popu-
lation of the experimental villages, after treatment.

Description of Experiments and Results Obtained

As indicated above, four trials were undertaken:
(1) Sulfa prophylaxis in meningococcus infection, using a single dose

of Sulphamezathine of 4.0 g per adult and correspondingly reduced doses
for children.

(2) Sulfa prophylaxis as in (1) above, but using only 2.0 g of Sulpha-
mezathine per adult and correspondingly reduced doses for children.

(3) and (4) Two trials of chemoprophylaxis of cerebrospinal meningitis
with PAM. Although we may pool the results of these two trials, for reasons
which will be discussed later on we have considered them separately.

In trying to analyse the common factors of the experiments, we may
consider the following as constants: the environmental and living condi-
tions, race and population composition by sex and by age, presence of
cerebrospinal meningitis infection, handling of the patients and their treat-
ment, weekly reporting of cases, and general epidemiological conditions.
The cases included in the weekly reports were those who during any week
were admitted to " quarantine stations " or reported to the health authorities,
or those for whom the diagnosis was established in that week, rather than
according to the actual date of onset of the disease.

On the other hand, we may consider as variables: the accuracy of the
population estimates and their relative importance in the computation of
the statistical data; the unknown composition of the unprotected population
of each village, which was not actually counted; the different relative
importance of the groups which were absent and therefore not treated
(mainly males engaged in agricultural work); the different epidemic curves
of cerebrospinal meningitis epidemics for each village, which do not overlap
in time; the introduction of prophylaxis at different stages of the evolution
of the village epidemics, from a few days after the beginning of the epidemic,
as in El Machicha, to many weeks after, as in Kaldung and Korongo

10
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Abdulla. This means that although the post-treatment period of observa-
tion in these experiments was six weeks for all the four villages, the
relation these periods represent to the epidemic curves as a whole, had the
chemoprophylaxis not been applied, is uncertain and possibly different
for each case.

It is not known either whether all cases belong to one or more serological
groups or types of Neisseria meningitidis. As samples from the naso-
pharynx were not plated, the pre- and post-treatment type and rate of
meningococcus carriers are unknown. We fully realize that the way in
which mass prophylaxis achieves its effect on the epidemic curves of cerebro-
spinal meningitis in the villages under trial is unknown, although we may
presume that modification in the carrier rate is the main factor involved.
This explanation may not adequately cover the whole problem, but this
will be discussed later on.

As it is realized that many other objections may be raised in regard to
the trials, we have obtained in each case as much assurance as possible
that the results of the experiments are really valid and free from fundamental
objections.

Kaldung
Many of the points we shall discuss in relation to Kaldung are equally

applicable to the other areas. According to official figures, the estimated
population was 1,839 persons. Obviously these figures are too low, since
the protected population was 1,716 persons, the number of cases attended
to in the quarantine station 115, and the official number given for the
unprotected population 123-a total of 1,954 persons. As the figure for
the unprotected population is nearly exact, we have adopted the latter
total as fairly accurate. The more or less arbitrary rearrangement of the
estimated population, the distribution by age and sex, the susceptible
protected and unprotected groups, and the cerebrospinal meningitis cases
before and after the application of prophylaxis are shown in table III.

The distribution of the protected population in each age- and sex-group
is about 93% of the total population. Therefore the unprotected population
has in this respect the same composition as the total population.

We may accept that the number of cerebrospinal meningitis patients
reported to the health authorities is lower than the real number of cases,
since it is obvious that some mild cases are not reported or not even
diagnosed. Nevertheless, from past local experience with the disease, it
may be assumed that grave cases are always reported. As there is no
reason to believe that reporting varies in the different villages, we can
accept that our experiments refer to clear-cut cases of cerebrospinal menin-
gitis rather than to all cases occurring in the area, and that the same applies
to Kadugli district as a whole.

I I
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TABLE III. INCIDENCE OF CEREBROSPINAL MENINGITIS
BEFORE AND AFTER SULPHA-

Esti-
Sex ~mated

Sex popu-
lation

male
female
total

male
female
total

male
female
total

male
female
total

239
194
433

381
394
775

306
440
746

926
1,028
1,954

total

220
176
396

351
372
723

297
423
720

868
971

1,839

Susceptible population

protected unprotected

number % number 0

202 91.82 18 8.18
160 90.91 16 9.09
362 91.41 34 8.59

326 92.88 25 7.12
343 92.20 29 7.80
669 92.53 54 7.47

279 93.94 18 6.06
406 95.98 17 4.02
685 95.14 35 4.86

807 92.97 61 7.03
909 93.61 62 6.39

1,716 93.31 123 6.69

* Prophylactic treatment was given on 25 March according to the schedule shown in table 1.

TABLE IV. WEEKLY NUMBER OF CASES OF CEREBROSPINAL
SUDAN, BEFORE AND AFTER SULPHA-

Sex

male
female
total

8
Feb-
ruary

1

Weekly period ending

15 22 29 7 14

Feb- Feb- Feb- March March

ruary ruary ruary

4 2 7 1 2
2 4 5 2 2

6 6 12 3 4

Total
cases from
8 February

21 28 to
March March 28 March

1 1

0 3

1 4

19
18
37

male 2 4 2 10 1 4 3 4 30
5-15 female 2 4 4 4 3 1 1 3 22

total 4 8 6 14 4 5 4 7 52

male 1 3 0 2 2 1 0 0 9
> 15 female 1 3 5 3 0 2 0 3 17

total 2 6 5 5 2 3 0 3 26

male 4 1 1 4 19 4 7 4 5 58
all ages female 3 9 13 12 5 5 1 9 57

total 7 20 17 31 9 12 5 14 115

Age
(years)

<5

5-15

> 15

all ages

Age
(years)

<5

Total cases in protected and unprotected population

* Prophylactic treatment was given on 25 March according to the schedule shown in table 1.

12
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IN KALDUNG VILLAGE, KORDOFAN PROVINCE, SUDAN
MEZATHINE PROPHYLAXIS * - 1952

Cerebrospinal meningitis cases

7 February to 28 March 29 March to 9 May

per 1,000 of in total susceptible in protected in unprotected
number estimated population population population

population I-
number per 1,000 number per 1,000 number per 1,000

19 79.50 0 0.0 0 0.0 0 0.0
18 92.78 2 11.36 1 6.25 1 62.50
37 85.45 2 5.05 1 2.76 1 29.41

30 78.74 4 11.40 0 0.0 4 160.00
22 55.84 4 10.75 2 5.83 2 68.97
52 67.10 8 11.07 2 2.99 6 111.1'1

9 29.41 1 3.37 1 3.58 0 0.0
17 38.64 5 11.82 2 4.93 3 176.47
26 34.85 6 8.33 3 4.38 3 85.71

58 62.63 5 5.76 1 1.24 4 65.57
57 55.45 11 11.33 5 5.50 6 96.77
115 58.85 16 8.70 6 3.50 10 81.30

MENINGITIS IN KALDUNG VILLAGE, KORDOFAN PROVINCE,
MEZATHINE PROPHYLAXIS * - 1952

Weekly period ending Cases from
29 March

4 April 11 April 18 April 25 April 2 May 9 May to 9 May

A B A B A B A B A B A B A B total

0 0 0 0 0.
0 1 -1 0 1 1 2

- - - ~~~~~~01 --1~ 0 1 1 2

0 1- - - 0 3 - -- 0 4 4
- - - ~~~~~~01 0 1 2 0 - - 2 2 4

0 1 - - 0~ 1 0 4 2 0 - 2 6 8

~~1 0 --1 0

- ~~~~10 1 1 0 1 - 0 1 2 3 5
- ~~~~20 1 1 0 1 ~~ 1 3~ 3 6

0 1 0 - - 0 3 -- - - 1 4 5
- - 1 ~~~~01 3 0 2 2 0 1 5.6 1 1

0 1 2 0 1 3 0 5 2 0 1 1 6 10 16

1I 2 4 5 2 2

A =number of cases in protected population
B number of cases in unprotected population
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TABLE V. INCIDENCE OF CEREBROSPINAL MENINGITIS IN
BEFORE AND AFTER SULPHA-

Susceptible population

Esti-
mated

Sex popu-
lation

male
female
total

male
female
total

male
female
total

male
female
total

protected

totalt
number %

552 483
613 590

1,135 1,073

955 925
904 871

1,859 1,796

755 748
1,013 1,000
1,768 1,748

2,232
2,530
4,762

2,156
2,461
4,617

188
195
383

279
292
571

241
362
603

708
849

1,557

unprotected

number; %

38.92 295
33.05 395
35.69 690

30.16 646 69.84
33.52 579 66.48
31.79 1,225 68.21

32.22 507 67.78
36.20 638 63.80
34.50 1,145 65.50

32.84 1,448 67.16
34.50 1,612 65.50
33.72 3,060 66.28

* Prophylactic treatment was given on 26 March according to the schedule shown in table 1.

TABLE VI. WEEKLY NUMBER OF CASES OF CEREBROSPINAL
PROVINCE, SUDAN, BEFORE AND AFTER

Weekly oeriod endino

m

fe
tc

fe
tc

|m

Ife
1itc

m

fe
to

1 8 15 22 29 7 14 21 28

Feb- Feb- Feb- Feb- Feb - March March March March

ruary ruary ruary ruary ruary

iale 3 2 2 5 4 7 8 1 7
male 5 3 2 1 4 4 0 1 3
)tal 8 5 4 6 8 1 1 8 2 10

iale 5 2 4 2 7 5 3 2

!male 3 - 1 0 3 13 1 3 9
)tal 8 2 5 2 10 18 4 5 9

iale
!male
tal

ale
male
tal

_

8
8
16

2
1
3

6
4
10

1
1
2

7

4
11

0

11
11
7
2
9

0

2
2

11

9
20

1
3
4

13
20
33

12
1

13

2
3

4
6

10

3
4

8
15
23

Total
cases from
1 February

to
28 March

39
23
62

30
33
63

7
13
20

76
69
145

Total cases in protected and unprotected population

* Prophylactic treatment was given on 26 March according to the schedule shown in table 1.

14

Age
(years)

<5

5-15

> 15

all ages

61.08
66.95
64.31

Age
(years)

< 5

5-15

> 15

all ages
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KORONGO ABDULLA VILLAGE, KORDOFAN PROVINCE, SUDAN,
MEZATHINE PROPHYLAXIS* - 1952

Cerebrospinal meningitis cases

28 January to 28 March

per 1,000 of
number estimated

population

39
23
62

30
33
63

7
13
20

76
69
145

70.65
37.52
54.63

31.41
36.50
33.89

9.27
12.83
11.31

34.05
27.27
30.45

28 March to 2 May

in total susceptible in protected in unprotected
population population population

number per 1,000 number per 1,000 number per 100

12
7

19

10
7

17

3
3
6

25
17
42

24.84
11.86
17.71

10.81
8.04
9.46

4.01
3.00
3.43

11.60
6.91
9.10

2
2
4

2
3

3
4
7

10.64
10.26
10.44

3.58
6.85
5.25

4.24
4.71
4.50

10
5

15

9
5
14

3
3
6

22
13
35

33.90
12.66
21.74

13.93
8.64

11.43

5.92
4.70
5.24

15.19
8.06
11.44

MENINGITIS IN KORONGO ABDULLA VILLAGE, KORDOFAN
SULPHAMEZATHINE PROPHYLAXIS * - 1952

Weekly period ending

4 April 11 April 18 April

A B A B A B

1 4 1 1 2
- 2 1 1-

1 6 1 2 1 2

3 1 3 -
1 5 1-
1 8 2 3 - 1

_ 2 -_-

- 31

1 9 2 4 0 3
1 8 1 1 1 1
2 17 3 5 1 4

19 -I 8

25 April

A B

_ 2
1 0
1 21

2

2-

- 2

1

- 1 _

1 5

6

Cases from 29 March
to 2 May

2 May

A B A B

1 2 10
- 2 2 5
- 3 4 15

1 9

2 5

- - 3 14

- 3

1 3

1 'i- 6

3
40

3 22
4 13
7 35

4

A = number of cases in protected population
B = number of cases in unprotected population

15

tota!

12
7

19

10
7

17

3
3
6

25
17
42
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Kaldung had, before prophylaxis, the number of cerebrospinal menin-
gitis reported cases shown in table III. The prophylaxis was administered
on 25 March 1952. A total of 114 cases have occurred since that date
with the weekly incidence shown in table IV. On 27 March 1952, a case
was reported in a 15-year-old male who had received 4.0 g of sulfa. On
account of the incubation period of the disease, this case has been added
to the pre-prophylactic period, and thus the total has been raised to 115.

From 28 March onwards, cases are computed as related to the
experiment, as shown in table IV. The weekly incidence has been divided
between cases which received prophylaxis and those which did not. In all
tables, incidence by age and sex is shown.

The first case in Kaldung was reported on 7 February 1952. The
epidemic was progressing rapidly, as usual, and had persisted for eight
weeks before the prophylactic trial. Although it appears that the epidemic
was declining at this time, cases were still being reported during the six-
week period of observation after the trial.

Pre-prophylactic incidence showed the specific rates per 1,000 of the
population to decrease with increase in age, with total incidence higher in
the male. Post-prophylactic rates of incidence per 1,000 are shown for the
protected and the unprotected groups in table III. The difference of the
percentage incidence is highly significant, and we may assume that the
results of the experiments will be regarded as satisfactory. Even keeping
in mind the possibility that these results are influenced by an inaccurate
estimate of the unprotected population, we have the impression that a
definite protection of this group was obtained by chemoprophylaxis.

From the available data, we may conclude that in the Kaldung area,
the protection afforded by chemoprophylaxis with Sulphamezathine at
the dosage of 4.0 g per adult, 2.5 g for children between 5 and 15 years
of age, and 1.5 g for children under 5 years of age, was highly effective,
although we have no proof that the epidemic curve was influenced in its
duration, or that the unprotected group benefited indirectly by the appli-
cation of the sulfa drug to a large percentage of the population. This point
will be further discussed later in the paper.

Korongo Abdulla
With regard to the estimated population, for this, as for the two remain-

ing villages, we accept the figures officially reported. 1,557 persons were
protected out of a total of 4,762, and details may be found in table V.

The main differences between the prophylaxis applied in this village
on 26 March 1952 and that applied in Kaldung are:

(a) A minimum dosage of Sulphamezathine was used, consisting of a
single dose of 2 g, 1 g, and 0.5 g, for the age-groups over 15, 15-5, and
under 5 years of age, respectively.

(b) Onlyabout 34% ofthe population was protected with Sulphamezathine.

16
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The number of cerebrospinal meningitis cases reported during nine
weekly periods (from the reporting of the first case on 28 January 1952
to the week ending 28 March 1952) was 145. On the day of the prophylaxis
(26 March), two cases were reported, and they are included in the total.
As in Kaldung, the incidence was higher in the lower age-groups. The
total incidence per 1,000 of the population was 30.45.

After prophylaxis, the epidemic lasted until the sixth period of observa-
tion, with a decrease in both the protected and unprotected groups.
Although the difference between the rate of incidence in both groups
appears to be significant and the result is not likely to be attributable to
chance, we cannot assume that the epidemic was modified by the prophylaxis,
but simply that the number of cerebrospinal meningitis cases was noticeably
less in the protected group. Age and sex incidence per weekly period
before and after prophylaxis are shown in table VI.

Miri Bara
Out of an estimated population of 1,348 villagers, 1,192 (about 90%)

were protected with procaine penicillin in oil (PAM), in a single dose of
150,000 units, 100,000 units, and 75,000 units for adults, children between
5 and 15 years of age, and children under 5 years of age respectively.
Distribution by age and by sex is shown in table VII.

The first cerebrospinal meningitis case was reported on 26 February
1952. Up to 28 March, 24 cases were reported during the 5 weekly periods.
Prophylaxis was carried out on 24 March, and no new cases were reported
from that date until 28 March, the end of that weekly period. After pro-
phylaxis, new cases continued to be reported for five of the six weeks of
observation ; there were none in the last week. A total of 20 cases occurred,
5 in the protected group and 15 in the unprotected group. The difference
in incidence per 1,000 of population greatly favoured the conclusion that
penicillin was effective in the protection of the treated group. The weekly
occurrence of cases by age and by sex is shown in table VIII. Incidence
before prophylaxis was higher in children than in adults; after prophylaxis,
however, the highest incidence was observed in adults. The significance
of this fact will be discussed later on.

El Machicha
This experiment was similar to the one conducted in Miri Bara. Similar

doses of penicillin were given intramuscularly to 885 people out of a total
of 2,330, as shown by age and by sex in table IX. Altogether, 38 % of
the population received chemoprophylactic treatment, but the age-group
composed of those under 5 years of age, which usually shows the greatest
incidence of the disease, was actually the most poorly treated, only 26%
of the children being protected. The reason for the poor attendance of
this group could not be investigated properly by us, and we have no
explanation to offer.

17



18 A. MACCHIAVELLO AND OTHERS

TABLE VIl. INCIDENCE OF CEREBROSPINAL MENINGITIS
BEFORE AND AFTER PENI-

Susceptible pop

Esti- protected
Sex mated

popu-
lation total

number %

male 132 132 109 82.58
female 139 133 117 87.97
total 226 85.28

male
female
total

male
female
total

male
female
total

202
192
394

279
404
683

613
735

1,348

200
185
385

276
398
674

608
716

1,324

169
160
329

254
383
637

532
660

1,192

84.50
86.49
85.45

92.03
96.23
94.51

87.50
92.18
90.03

ulation

unprotected

number %

23 17.42
16 12.03
39 14.72

31
25
56

22
15
37

76
56
132

15.50
13.51
14.55

7.97
3.77
5.49

12.50
7.82
9.97

* Prophylactic treatment was given on 26 February according to the schedule shown in table 1.

TABLE VIII. WEEKLY NUMBER OF CASES OF CEREBROSPINAL

Weekly p(

° ° -Feb- ~Mrh~M
ruary

0 0

3 1
3 1

1

1
2 -

1

2
3

SUDAN, BEFORE AND AFTER

eriod ending Total
cases from
29 February

14 21 28 to
arch March March 28 March

~ 0 0

- 6
- 2 - 6

0 1 0 2

2 3 1 7

2 4 1 9

1 3
4

0

1
1

3
6
9

* Prophylactic treatment was given on 26 February according to the schedule shown in table 1.

Age
(years)

<5

5-15

> 15

all ages

Age
(years)

<5

5-15

> 15

Sex

male
female
total

male
female
total

male
female
total

male 2 0 1 2 0 5
all ages female 6 1 2 8 2 19

total 8 1 3 10 2 24

Total cases in protected and unprotected population

Lt
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IN MIRI BARA VILLAGE, KORDOFAN PROVINCE, SUDAN,
CILLIN PROPHYLAXIS* - 1952

Cerebrospinal meningitis cases

26 February to 28 March 29 March to 9 May

per 1000 f in total susceptible in protected in unprotected
number estimated population population population

Lpopulation 1number per 1,000 number per 1,000 number per 1,000

0 0.0 0 0.0 0.0 0 0.0
6 43.17 1 7.52 - 0.0 1 62.50
6 22.14 1 3.77 - 0.0 1 25.64

2 9.90 3 15.00 1 5.92 2 64.52
7 36.46 3 16.22 1 6.25 2 80.00
9 22.84 6 15.58 2 6.08 4 71.43

3 10.75 4 14.49 - 0.0 4 181.82
6 14.85 9 22.61 3 7.83 6 400.00
9 13.18 13 19.29 3 4.71 10 270.27

5 8.16 7 11.51 1 1.88 6 78.95
19 25.85 13 18.16 4 6.06 9 160.71
24 17.80 20 15.11 5 4.19 15 113.64

MENINGITIS IN MIRI BARA VILLAGE, KORDOFAN PROVINCE,
PENICILLIN PROPHYLAXIS* - 1952

Weekly period ending Cases from
29 March

4 April 11 April 18 April 25 April 2 May 9 May to 9 May

A B A B A B A B A B A B A B total
-' o-OI i - - - - -~ 0 O

0 1 - 1 1 2 1 2 3
1 2 - 0 0 1 2 3
1 3 - ...2 4 6

0 4 0 - 0 0 - ~0 - 0 - - 0 4~ 4
1 1 1 - 2 - 1 - 2 - - 3 6 9

1 5 1-1 2 - 1 2 - - 3 ~~~ ~~~~~~~~~~~~~~~~~~10 13

0 5 0 1 1 0 0 - 0 - - 1 6 7
2 4 1 0 1 2 - 1 - 2 -4 9 13
2 9 1 112 2 - 1 - 2 0 0 5 15 20

11 2 4 2 0

A = number of cases in protected population
B = number of cases in unprotected population

1
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TABLE IX. INCIDENCE OF CEREBROSPINAL MENINGITIS

Esti-
Sex ~mated

Sex popu-

lation

SUDAN, BEFORE AND AFTER

Susceptible population

prol

tota
number

82
70
152

111
117
228

233
272
505

426
459
885

tected unprotected

0 number %

27.99 211 72.01
24.65 214 75.35
26.34 425 73.66

37.88 182 62.12
41.34 166 58.66
39.58 348 60.42

37.16 394 62.84
50.28 269 49.72
43.24 663 56.76

35.12 787 64.88
41.43 649 58.57
38.13 1,436 61.87

* Prophylactic treatment was given on 25 March according to the schedule shown in table 1.

Age
(years)

< 5

5-15

-~~~~

> 15

all ages

TABLE X. WEEKLY NUMBER OF CASES OF CEREBROSPINAL MENINGITIS
BEFORE AND AFTER PENICILLIN

I~~~~~~~~~~~~~~~~~~~~~~~

Weekly period

Sex 4 April 11 April

male
female
total

male
female
total

male
female
total

male
female
total

28 March

.
1

2

3

4
-~~~~

00

3

4
S
C9

A B

2 0
O 1
2 1

- 10
- 1

2
0

2

Total cases in protected and unprotected population

0

3
3

4
5

A

3
1
4

0
2
2

3
3
6

14

* Prophylactic treatment was given on 25 March according to the schedule shown in table 1.

20

Age
(years)

<5

5-15

> 15

a

all ages

male
female
total

male
female
total

male
female
total

male
female
total

294 293
285 284
579 577

296 293
284 283
580 576

627 627
544 541

1,171 1 ,168

1,217 1,213
1,113 1,108
2,330 2,321

B

I0
2
2

4
2
6

4

4
8
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IN EL MACHICHA VILLAGE, KORDOFAN PROVINCE,
PENICILLIN PROPHYLAXIS* - 1952

Cerebrospinal meningitis cases

29 March to 9 May

per~~~ in total susceptible
number estimated popa tion

population numbernumber per 1,000

2

3
1
4

0
3
3

4
5
9

3.40
3.51
3.45

10.14
3.52
6.90

0.0
5.51
2.56

3.29
4.49
3.86

4
7

11

10
4
14

0
7
7

14
18
32

13.65
24.65
19.06

34.13
14.13
24.31

0.0
12.94
5.99

11.54
16.25
13.79

in protected in unprotected
in protected in unprotected
population population

number per 1,000 number per 1,000

2
0
2

3

4

0
2
2

5
3
8

24.39
0.0
13.16

27.03
8.55

17.54

0.0
7.35
3.96

11.74
6.54
9.04

2
7
9

7
3
10

0
5
5

9
15
24

9.48
32.71
21.18

38.46
18.07
28.74

0.0
18.59
7.54

11.44
23.11
16.71

IN EL MACHICHA VILLAGE, KORDOFAN PROVINCE, SUDAN,
PROPHYLAXIS* - 1952

ending

18 April 25 April

A B A B A

_ 2 -

_ 4 _
- 6 -

1 - 1

0 1

1 2

2 May 9 May

B A B

Cases from
29 March to 9 May

A B total

- - 2 2
- - 0 7
- 2 9

3 7

_ _ 1 3
4 10

4
7

11

10
4
14

_ 0 -

I _ 1 -

-1

- 35 I-

8 -

8

0

2
3

3

0 0

0

0

2 5

F- 2 5

5 9
3 15

0 8 24

0

A = number of cases in protected population
B = number of cases in unprotected population

23 March to 28 March

21

0
7
7

14
18
32
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The first case of cerebrospinal meningitis was reported on 25 March
1952, and 9 cases in all were reported between then and 28 March. As the
epidemic was just beginning, it is not surprising that the number of cases
after prophylaxis remained at a high level during a four-week period.
Nevertheless, in the protected group, cases occurred only until two weeks
after prophylaxis. It will be seen that in this experiment chemoprophylaxis
had some influence on the incidence in the protected group, but did not
affect the trend of the epidemic, which continued to develop in the unpro-
tected group (see table X).

Significance of results
Accepting the assumption that sulfa drugs and penicillin are equally

effective in mass control of cerebrospinal meningitis owing to their
antibiotic or bacteriostatic properties for N. meningitidis, and assuming
also that in any prophylaxis of a large number of villages conditions similar
to those obtaining in our trials will be encountered (i.e., different per-
centages of protected population, varying dosages and drugs applied,
different stages in the evolution of the individual epidemics, etc.), we
may try to determine the significance of the pooled data of the four
experiments. From the scientific point of view it would be better to find
the minimum dosage of drugs to be applied and the minimum percentage
of population to be protected for effective mass prophylaxis of a given
community. Nevertheless, from an administrative point of view, the
pooled results of the trials are of great interest, because they reflect condi-
tions common to the field work in an area of a certain size.

Out of a total population of 10,394, some 293 cases of cerebrospinal
meningitis were observed before the experiment started. Out of this total
population, 5,350 persons were protected against the disease with drugs of
known protective properties. Observations carried out during six weeks
have shown that the epidemic continued its course but that the protected
group showed an incidence of 4.86 per 1,000 against an incidence of 17.68
per 1,000 in the unprotected group of 4,751 persons. The difference between
the rates of incidence in the two groups would be obtained by chance
in less than 1 out of 1,000 trials, which strongly suggests that the result
is due to the prophylaxis, this being the main variable to be considered
in a community otherwise more or less homogeneous.

Discussion

In reporting each trial separately, we assumed that epidemiological
conditions differed in each experimental village. We also assumed that
for each village the conditions relating to the disease were not the same
before and after prophylaxis. However, since we do not know what a
normal curve is for the evolution of a cerebrospinal meningitis epidemic
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CONTROL OF CEREBROSPINAL MENINGITIS EPIDEMICS

in a community of a given population under the rural conditions obtaining
in the Kadugli area of the Sudan, there is no way of defining the theoretical
length of the epidemics or the theoretical incidence of cases in each stage
of their evolution. The duration of the pre- and post-prophylactic periods
of the epidemics reported in the area is shown in table XI.

TABLE XI. DURATION OF CEREBROSPINAL MENINGITIS EPIDEMICS
IN 4 SUDANESE VILLAGES, 1952

Duration of epidemic
(weeks)

Village Estimatedpopulation
total ~before after

prophylaxis prophylaxis

Kaldung .1,954 14 8 6

Korongo Abdulla 4,762 14 9 5

Miri Bara .1,348 10 5 5

El Machicha .2,330 5 4

Tracing the epidemic curves week by week, we may assume that when
the prophylaxis was applied in Kaldung the epidemic was declining; in
Korongo Abdulla, it was at the peak of its evolution; in Miri Bara, it was
at the mid-point of the curve; and in El Machicha, it was at its very begin-
ning. The epidemic among the protected people of three of the four villages
lasted one or two weeks less than in the unprotected people, but the total
number of cases per period is too small to give significance to this obser-
vation.

From present and past experience with cerebrospinal meningitis
in the Nuba Mountains, and in the Sudan as a whole, we know that the
appearance and disappearance of cerebrospinal meningitis cases do not
follow a fixed pattern. In hundreds of places located in highly epidemic
areas, cases are sporadic or appear irregularly and with no relation to the
size of the population. When we talk about cerebrospinal meningitis
epidemics in the Sudan or in Kordofan Province, or indeed in the Kadugli
area or the Nuba Mountains, we refer in fact to cumulative figures for urban
or rural localized epidemics.

The national or provincial pattern of cerebrospinal meningitis epidemics
is a compound artificial phenomenon. The national or provincial rates of
incidence per 1,000 are also artificial and often misleading, since the actual
incidence, related to the population in which the phenomenon is observed,
decreases and loses its local significance when reported as a rate related to
a larger area in which the people not affected by the disease are included.
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Individual village epidemics may develop at any time during the cerebro-
spinal meningitis season. Those appearing at the beginning of the season
have a chance of developing completely; those appearing at the end may
stop before completion because of environmental factors which make the
season unfavourable to the spread of the disease.

The influence of seasonal conditions on the fundamental epidemiological
units, which are, for the rural areas, the village epidemics, is well established
in the Kadugli area. The cerebrospinal meningitis season commences in
December and lasts until May or June, usually ending with the onset of the
rains. During the season, the susceptibility of different villages may be
considered equal, the risk of infection largely depending upon the proxi-
mity of a village to another infected village, or to an area through which
the disease is spreading.

It is an established fact that epidemics spread from village to village.
The provincial or district epidemic curves should not be interpreted as
meaning that local, rural, village epidemics occur simultaneously, but
simply as cumulative statistical figures reflecting the aggregates of local
village epidemics, which do not necessarily overlap in time. The fact that
in 1952 in the Sudan as a whole the peak of the epidemic season was earlier
than in 1951 does not imply that we were experimenting under the condi-
tions of a waning epidemic in the limited areas selected for our trials. Every
curve resulting from cumulative figures and which shows increase, peak,
and decrease in cases should be interpreted, not as an independent epidemic
curve, but as an expression that, in a given period, more or fewer epidemics
were in evolution. We are not justified in concluding that in periods when
a lesser number of village epidemics is reported all the local epidemics are
waning or are of a milder type. Nevertheless, at the end of the epidemic
season, even the local epidemics that have onlyjust commenced stop abruptly.
When the cessation of such epidemics occurs in highly susceptible places,
new cases will usually break out in such localities as soon as the next favour-
able epidemic season arrives.

As expected, the epidemic season in the Kadugli area ended shortly
after the six-week period of observation following the administration
of prophylaxis, this period coinciding with the onset of the rains.
Although we are not attempting to discuss here the mechanism of this
phenomenon, or even its validity, we have to consider the possibility of
its having influenced our experiments. In other words, we have to prove
that the four village epidemics under study did not terminate spontane-
ously because they were at the tail of a waning epidemic season.

On examining the weekly epidemiological reports on cerebrospinal
meningitis for the Kadugli area, we have observed that in many other
villages of the area, the trend of the accumulated cerebrospinal meningitis
cases indicates that apparently the epidemic was really waning, as shown in
table XII.
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It can be seen that the number of villages infected in the Nuba area
decreased weekly from May onwards, as did the average number of cases
per village. Nevertheless, in the Kadugli area, not only did the number of
infected villages remain the same during April, but the average number
of cases per village was higher than in the experimental area. The recep-
tivity of the area to cerebrospinal meningitis during April is well exemplified
by the outbreaks of epidemics at Kanga (where 90 cases were reported in
the week ending 11 April), at El Machicha during the week ending
28 March, and at Saboury almost at the same time.

Therefore we may conclude that at the time the prophylaxis was admi-
nistered the area was still fully receptive to cerebrospinal meningitis infection,
and that the receptivity started to decrease one month afterwards for the
area as a whole, although for the experimental area the duration of the
epidemics after prophylaxis indicated that the effect of a waning epidemic
was of no importance, since in some villages the incidence per 1,000 was
on the increase in the unprotected group.

On the other hand, we have already made it clear that chemoprophylaxis
has no effect on the evolution of the epidemic curve in the unprotected
population, although it is extremely effective in checking the infection in the
protected group.

One interesting point which may be related to this question is that we
know that chemoprophylaxis with sulfa drugs and penicillin acts by elimin-
ating the carriers. In our trials we assumed that it was necessary to protect
practically the whole population to reduce and delay the subsequent raising
of the carrier incidence to its original level after the chemical effect of the
drugs (lasting no more than 24-48 hours) had passed. We will not, in this
paper, enter into a lengthy discussion of the significance of the carrier
state, but we consider it, as do several other authors, to be a mixture of
true rhinopharyngeal meningococcus cases and healthy and convalescent
carriers.14

The absence of any sign that the carrier rate was restored during the six
weeks of observation after prophylaxis means either that the epidemic was
waning, or that there was another factor which prevented the rising of the
carrier rate in the protected community, although this was being subjected
to continuous contact with the remaining carriers of the unprotected popu-
lation. As there is no indication that chemoprophylaxis can build any sort
of permanent immunity by itself, we venture to say, as a matter of explana-
tion subject to investigation, that, if the protected population is refractory
to reinfection, it is due to a true, low-grade immunity developed by the
nasopharyngeal cases (so-called carriers) which prevent them from being
reinfected. Actually, the same phenomenon has been observed by Phair &
Schoenbach 53 when they were dealing with chemoprophylaxis with sulfa
in closed army communities in which an accurate measurement of the
carrier state was made bv bacteriological tests.
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If this can be proved by future observations, the practical importance
of the fact in the administrative management of cerebrospinal meningitis
epidemics would be considerable.

Another point for discussion is the optimal prophylactic dosage in
relation to age. In Kaldung, where the maximum sulfa scheme (4 g per
adult) was applied, the relation between age and incidence remained more
or less the same before and after prophylaxis, which means that the
decrease in the absolute number of cases per age-group was even. In
Korongo Abdulla, it appears that although 2 g per adult was effective,
the dose of 0.5 g per child was not significantly so. Considering the low
toxicity of Sulphamezathine, there is no reason why the dose should not
be increased in the lower age-groups. In fact, for effective prophylaxis we
prefer the maximum dosage scheme.

Nevertheless, treatment in the two villages is not wholly comparable,
since in Kaldung about 90% of the population was treated, while in Korongo
Abdulla only about 34% was treated. If we assume that children are more
susceptible to infection than adults, the contact with infected persons
may account for the easier reinfection of the protected children. We
cannot say which explanation is the more justified.

When the penicillin trials were examined, we again noticed that in Miri
Bara the group of children under 5 years of age was fully protected with
75,000 units of PAM, while the group of those between 5 and 15 years
still showed some cases. It is true that in the corresponding unprotected
groups the rate of incidence was extremely high, which may account for
these few infections. On the other hand, 75,000 units per child whose
maximum weight will be less than 20 kg, and on an average, about 15 kg,
means an equivalent dosage for an adult of more than 300,000 units.
With such a dose we know that the serum penicillin level per ml is initially
from 1.25 to 2.5 units, and remains for some twelve hours over 0.3 units.
In adults, 150,000 units of penicillin will produce a serum level which, for
a short period only, will be higher than 0.3 units per ml.

In El Machicha, where the same dosage of penicillin per age-group was
administered as in Miri Bara, but where only 26%-43% of these groups
were protected, the results were not so effective, which means that not
only is the dosage of chemoprophylactic drugs important, but also the
percentage of the population treated. As we have seen before that chemo-
prophylaxis has no effect on the evolution of the epidemic in the unprotected
groups of the population, we must conclude that it is highly advisable to
protect as much of the population of an infected community as possible
with the right dosage of prophylactic drug.
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Control Villages and the Interpretation of Results

In analysing the data obtained from the treated and untreated population
in the four trials, the test of significance for comparison of the standard
error of the differences and the X2 test have shown values which suggest that
the results were not due to chance.

Nevertheless, the lack of accurate census figures for the area, and the
use of estimated figures, most of them unreliable, for the unprotected groups
in the experimental villages, make it inadvisable to rely on these tests,
whose significance is naturally doubtful, at least for those areas in which
the untreated population was rather small.

Obviously, the untreated population in Kaldung and Miri Bara may not
represent an adequate control permitting a fair comparison with the results
obtained in the protected population. In other words, although the rates
of infection are very high in the untreated groups, there is the possibility
that these rates are not representative of the true rate of infection which
might have been obtained if a larger group of unprotected persons had been
used as the control.

We have already stated the reasons why control villages were not used
to control the experiments. Selection of such controls, for the many reasons
given in this paper, is always arbitrary, particularly considering that the
forces at work in cerebrospinal meningitis epidemics differ widely from
those in other infectious bacterial diseases. This is mainly due to the
interference of the so-called carriers and the significance that different
authors may attach to them.

The conception of cerebrospinal meningitis epidemics as dependent
entirely on the presence of cerebrospinal meningococcal cases does not
explain all the epidemiological phenomena related to them. On the other
hand, we may conceive of meningococcus epidemics as being composed of
an unapparent epidemic of nasopharyngeal cases plus a less widespread
epidemic of meningococcal fever, with septicaemia, and a still more reduced
epidemic of cerebrospinal meningitis. In other words, only in a few cases
of meningococcus infection will the infectious agent enter the blood from
the pharynx, and in even fewer cases will it pass through the meninges
from the blood into the subarachnoid space.

We are not sure that this explanation is the correct one. Whether
cerebrospinal meningitis needs a previous stage of meningococcal septi-
caemia, or whether N. meningitidis can proceed directly from the naso-
pharynx to the meninges, as has sometimes been suggested, is not important
to our discussion; in both theories what is important is the relationship
between the nasopharyngeal infection (carrier) and the cases of cerebro-
spinal meningitis.

Thus, the percentage incidence of cases of typical cerebrospinal menin-
gitis may be considered as an expression of the virulence or the invasive

28



CONTROL OF CEREBROSPINAL MENINGITIS EPIDEMICS

power of N. meningitidis, but not as a measure of the rate of dispersion of
the infection. This means that even in communities where only one or few
cases of cerebrospinal meningitis are reported, the true size of the " un-
apparent " epidemic may be of the same order as that in communities where
a large number of cases of cerebrospinal meningitis or cerebrospinal fever
are reported.

As we do not know all the factors which influence the different mani-
festations of an epidemic of cerebrospinal meningitis, particularly if there
is no bacteriological proof of the extent of the " unapparent" epidemic
(carriers), it is impossible to base statistical proof on control villages for
which most of the epidemiological factors are unknown.

The epidemiological picture of cerebrospinal meningitis infection is
further complicated by the presence of serological meningococcus types
the relationship of which to epidemic or endemic conditions is uncertain.
No more information has been obtained from immunological studies
because there is no easy test for immunity. It is presumed that in areas
liable to meningitis epidemics a certain degree of immunity follows an
epidemic, as may be inferred from the cyclical occurrence of the disease,
with long inter-epidemic periods. It is also presumed that a short-lived
immunity, possibly through widespread " unapparent " epidemics, gives
the impression that some villages in the middle of epidemic areas are
refractory to infection.

Although these theoretical considerations need further proof, they
help us to understand that there are no scientific grounds on which to
base the selection of a control area for our experiments.

There is no point, as we have said before, in comparing the reported
number of cases and their rate of incidence before and after prophylactic
treatment. This cannot even be done for any one village. Such a comparison
has no value unless there is some way of tracing the theoretical epidemic
curve for a given locality. Our knowledge of the epidemiological variables
involved in cerebrospinal meningitis epidemics of Sudanese villages (which
we consider the true fundamental epidemic units) is so meagre that it is
not possible to draw such curves with any degree of accuracy.

On the other hand, it is clear that there is a general epidemic pattern
for cerebrospinal meningitis. This epidemic pattern, which governs the
rise, the peak, and the wane of the disease in a large area, is the result of
cumulative figures for individual epidemics and should not be confused
with the epidemic curve for a given locality, the first being a matter of
quality, the second a matter of quantity. The overall epidemic pattern
for a district, a province, or a country, since it is the result of cumulative
figures, does not necessarily overlap with the individual epidemics com-
posing it, in time, development, or intensity. It is curious to observe that
the cerebrospinal meningitis pattern, either seasonal or cyclical, is similar
in most countries, but that individual epidemics in discrete communities
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(even in neighbouring communities similar in size, composition of popula-
tion, and general conditions) are at the same time so different.

For these reasons no comparison has been made between the weekly
rates of incidence, before and after prophylaxis, particularly considering
that the prophylaxis was unable to check the evolution of the epidemic,
its effects being concerned only with the protection of the treated group.

Conclusions

We may state that chemoprophylaxis with sulfa drugs or PAM was
effective in protecting the groups of population to which it was administered,
whatever the stage of development of the individual epidemics in the
experimental villages in which it was applied. There is no reason for
assuming that chemotherapy influences the development of such epidemics,
which in at least some of the villages were apparently in their waning phase.
Since chemoprophylaxis has no immunity-developing properties, there is
no clear explanation why the treated groups were not subsequently
reinfected, although they remained in close contact with the highly infected
untreated groups. There are some inconclusive indications that this may
have been due to a lesser chance of reinfection in the villages with low
percentages of untreated population, to the development of a low-grade
immunity in previous carriers cleared by the chemoprophylaxis, or to a
decreased rate of infectiousness of the meningococcus under environmental
conditions influencing the natural waning of the epidemic.

The results obtained in the trials strongly indicate that they were
not due to chance, and we fully advocate the extension of the method to
prevent the spread of cerebrospinal meningitis epidemics under the rural
conditions of the Sudan. Administrative organization of such a control
is not only possible, but may be easily developed with economy and
appreciable saving in effort.

It is suggested that in an expanded scheme for national control of
cerebrospinal meningitis epidemics, sulfa drugs should be administered
in the maximum dosage mentioned in this paper, i.e., 4 g per adult, 2.5 g
per child between 5 and 15 years of age, and 1.5 g per child under 5 years
of age. Doses of 1.0 g or less do not appear conclusively effective for
children. It has been shown that PAM is equally effective in protecting
the population against cerebrospinal meningitis. The dosage of 75,000
units per child under 5 years of age is fully effective, but a 150,000-units
dosage per adult seems to be rather low and should be increased.

The effect of chemoprophylaxis in protecting the community as a whole
depends largely on the percentage of the population treated. The higher
this percentage, the less the chance of reinfection of the treated group.
It should be remembered that chemoprophylaxis does not confer immunity
by itself.
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There is no indication that either of the two drugs used in the experi-
ments is better than the other for mass chemoprophylaxis. Their applica-
tion must not be concurrent, because they afford an important means
of controlling cerebrospinal meningitis in localities already treated by one
drug, when there are reasons for believing that the meningococcus has
developed resistance to the first drug used, or if the epidemic recurs.

The cost of PAM prophylaxis appears to be even less than the cost of
sulfa prophylaxis. Penicillin has some definite advantages over sulfa drugs.

Although the experiments were carried out with Sulphamezathine,
previous experience with the effectiveness of sulfa drugs favours sulfa-
diazine or sulfamerazine for treating cerebrospinal meningitis. In our
field trials we found that doses of Sulphamezathine of less than 1.5 g were
not completely satisfactory. This matter should be carefully studied in
relation to the economic side of any large mass campaign. Disregarding
economy, we believe that all related sulfa compounds are effective if given
in the correct doses.
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R1SUM1t

Des 6pidemies de meningite cerebrospinale ont ete signalees au Soudan depuis la
fin du siecle dernier. Depuis 1949 - debut du cycle epidemique le plus recent - jusqu'a
1952, 60.000 cas ont ete declares. Grace a la sulfamidotherapie, la letalite a passe, au
Soudan, de 60 %-75 % a environ 10 % au cours des dix dernieres annees. Du point de vue
de l'administration sanitaire, cette maladie reste cependant un des problemes de sante
publique les plus aigus. La prophylaxie par les sulfamides a donn6 des resultats satisfai-
sants dans des communautes limitees, telles que des camps militaires, des 6coles, des
ateliers, mais elle n'a pas encore fait ses preuves dans la protection des grandes villes ou
des populations rurales clairsemees. Le r6le de la penicilline dans le traitement de la fievre
cer6brospinale est incertain. Les sulfamides continuent a etre consideres comme la
medication de choix, alors que la penicilline n'est generalement pas reconnue, en l'esp&ce,
comme un agent therapeutique aussi efficace.

Les resultats obtenus par les auteurs ont montre que la chimioprophylaxie massive au
moyen des sulfamides ou de la penicilline permet de lutter contre la meningite cerebro-
spinale dans les communautes rurales, que des m6thodes prophylactiques peuvent etre
integrees dans les mesures de sante publique et etre facilement appliquees, m6me dans des
conditions de vie aussi primitives que celles des monts Nouba du Soudan, qui servirent de
cadre aux experiences.
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La sulfadimidine (marque d6posee: Sulphamethazine) a 6te choisie comme agent
prophylactique de masse pour son absorption rapide, le taux 6lev6 qui persiste dans le
sang durant plusieurs heures, sa diffusion facile dans le liquide cephalo-rachidien oii elle
atteint une concentration 6gale A la moiti6 de celle du sang, sa faible toxicite, son excretion
rapide, son prix peu eleve et le fait que les services sanitaires du Soudan en possedaient de
grandes quantit6s. Les eventuels inconv6nients que peut pr6senter ce m6dicament lorsqu'il
est administr6 en dose unique disparaissent quand il est administr6 en doses fractionnees.

La penicilline, sous forme de PAM, administr6e A raison de 150.000 unites aux adultes,
assure une protection comparable A celle que produit une dose unique de 4 g de sulfadimi-
dine. Le fait que la peiicilline ne penetre pas - ou peu - jusqu'aux meninges n'a guere
d'importance quand il s'agit d'individus porteurs de germes et non de sujets atteints de
meningite cerebrospinale.

L'experience a prouve qu'il est possible a une equipe de quatre m6decins et de cinq
aides infirmiers de traiter 4.000 personnes par jour. La responsabilite de reunir la popula-
tion en vue du traitement fut confiee aux autorites des tribus, qui s'acquitterent fort bien de
cette tache.

La prophylaxie consistait a administrer des sulfamides, sous la forme de comprimes
de 0,5 g, A raison de 4 g aux adultes, de 2,5 g aux enfants de 5-15 ans et de 1,5 g aux
enfants de moins de 5 ans, ou de la penicilline (PAM), A raison de respectivement 150.000,
100.000 et 75.000 unites aux memes groupes de population.

Dans une communaute de 10.394 habitants oiu 293 cas de m6ningite avaient ete
signal6s avant le debut de l'experience, 5.350 habitants furent soumis aux mesures prophy-
lactiques. Les observations faites durant les six semaines suivantes montrerent que l'epide-
mie suivait son cours, que les mesures prophylactiques ne l'avaient pas enrayee, mais que,
dans le groupe proteg6 par les sulfamides ou la penicilline, l'incidence de la maladie
etait de 4,86 par mille personnes contre 17,68 par mille dans le groupe non prot6ge,
difference statistiquement significative. Six semaines apres I'application des mesures
prophylactiques, les groupes traites, bien que vivant en contact etroit avec les groupes
non proteges, n'avaient pas ete reinfectes. Comme la chimiotherapie ne possede pas de
pouvoir immunisant, les auteurs emettent l'hypothese qu'une l6gere immunit6 peut s'etre
developpee chez les individus qui etaient porteurs de germes avant le traitement
prophylactique.

Les auteurs discutent les divers facteurs qui interviennent dans le developpement des
epid6mies et qui doivent etre pris en consideration pour apprecier les resultats d'une
campagne prophylactique. Ils soulignent que le pourcentage de cas de m6ningite c6rebro-
spinale typique indique plutot la virulence ou l'infectivite du meningocoque quel'extension
de l'infection. II se peut que, dans les collectivites ou quelques cas de m6ningite seulement
sont signal6s, 1'epidemie soit tres repandue sous forme d'infection inapparente.

Quelles que puissent etre les difficultes d'evaluation, les resultats obtenus dans la
campagne decrite ne sont pas dus au hasard et ils encouragent a etendre la methode en
vue d'empecher la propagation des epidemies de cette maladie. I1 semble que les deux
substances prophylactiques employees aient une efficacite semblable. La penicilline
-et les sulfamides peuvent se completer: l'une pourrait remplacer l'autre au cas ou les
meningocoques deviendraient resistants ou bien en cas de recidive d'une epidemie. Le
PAM parait encore moins couteux que les sulfamides. Du point de vue purement
scientifique, il semble que tous les sulfamides, administr6s en doses convenables, peuvent
donner de bons resultats.
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