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A simple kit system for rapid diagnosis of cerebrospinal
meningitis in rural areas of developing countries

WARREN R. SANBORN1 & ISAK M. TOUR 2

A simple, easily operated, portable diagnostic kit, employing coagglutination re-
agents, has been developed for the rapid, bedside diagrnosis of cerebrospinal meningitis.
Field trials using this kit were conducted in a rural area ofsub-Saharan Africafor identify-
ing the etiological agents of meningitis outbreaks. West African village medical attendants
were taught to use this kit and succeeded in making rapid specific diagnoses of meningitis
cases. Other acute infections such as cholera and typhoid fever can also be rapidly diag-
nosed in a similar manner. This rapid diagnostic system offers appropriate technology in
support ofprimary health care delivery in the rural areas of developing countries.

Acute bacterial infections are responsible for a
major portion of the health problems faced by
peoples in the developing countries. In sub-Saharan
Africa, for example, cerebrospinal meningitis persists
as a seasonal disease, with most cases occurring from
January through April. If specific diagnosis were
available early in the course of this disease, it could
lead to selection of appropriate antimicrobial therapy
and indicate the need for specific immunization for
prevention. Conventional diagnostic laboratories are
not available to serve the majority of the people in
this region, since 75-800%o of the population live in
rural areas where transport and communication are
major difficulties. Several experienced health re-
searchers working in Africa have expressed the hope
that simple, rapid diagnostic techniques may become
available for use in African rural health centres (4,
19).

Inert particle aggregation (IPA) tests appear to be
suitable for making rapid diagnoses of infectious dis-
eases at the primary health care level, because they are
simple to perform and relatively easily interpreted.
These tests may therefore provide a practical and
economical alternative to conventional laboratory
facilities, which are not available in many areas.
The coagglutination test is an IPA serodiagnostic

technique of relatively recent development and is
adaptable to rapid diagnostic systems. In this test,
killed and stabilized cells of Staphylococcus aureus
are employed as inert particles to carry antisera that
are specific for antigens of various pathogenic bac-
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teria (1, 3, 7, 9, 11, 12, 16). For the diagnosis of bac-
terial meningitis, the antisera are usually directed
against Neisseria meningitidis, Haemophilus influ-
enzae, or Streptococcus pneumoniae. Coagglutin-
ation reagents prepared with appropriate antisera will
specifically detect and identify the antigens of homol-
ogous bacteria in either clinical specimens or cultures
(5, 15, 17, 18). These reagents can be prepared in local
medical laboratories in developing countries (1, 11,
14). The potency, which has to be tested by quality
control, and specificity of the antisera used for
reagent preparation appear to be the major factors
for successful application of the test (5). Each anti-
serum used must be specifically controlled to ensure
its suitability for preparation of coagglutination
reagents.

This report describes preliminary field evaluations
of a portable coagglutination test kit for the rapid,
specific bedside diagnosis of meningitis patients.

MATERIALS AND METHODS

Studies were conducted during the 1981 cerebro-
spinal meningitis season in the town of Koutiala in
Mali and the village of Penny in Upper Volta. They
were chosen for their relative proximity to the labora-
tory in the Centre Muraz in Bobo-Dioulasso, Upper
Volta, and for their differing characteristics. Koutiala
has a small hospital, running water, electricity, and
the services of a physician, but no facilities for diag-
nostic microbiology. Penny has no hospital, no dis-
pensary, no running water, no electricity, and no
physician. Both Koutiala and Penny experienced
outbreaks of cerebrospinal meningitis that were
thought, from previous experience, to be due to
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N. meningitidis group C. Cerebrospinal fluid (CSF)
specimens were evaluated at the patients' locations
and at the Centre Muraz.
The diagnostic materials for performing the coag-

glutination test were packaged in a plastic box
measuring 13 x 8 x 5 cm. Coagglutination tests were
chosen because our working experience indicated that
these tests were easily adapted to portable, field use.
Also, it was considered that if the trials were success-
ful, the coagglutination reagents could be prepared
locally, as has been done in other developing coun-
tries (1, 11, 14). The kit box, which was lined with
protective insulating plastic foam (Fig. 1), also con-
tained plastic ampoules for the reagents, microscope
slides, bacteriological loops, a loop decontamination
system, and an alcohol burner. After completion of
this study, the kit was slightly expanded to include a
reaction slide-holding and decontamination system,
apparatus for heat-treating the specimens, and a slide-
reading device to simplify and standardize the inter-
pretation of the test results.
The coagglutination diagnostic tests were per-

formed by local medical attendants who were in-
structed for about 6 hours during a 2-day period. The
instructor was familiar with the local languages and
customs. Training included proper use of bacterio-
logical loops for handling the specimens and reagents,
mixing of reagents on the slides, and reading the
coagglutination test results along with positive and
negative controls. The specimens and reagents were
mixed on glass microscope slides which were rocked
back and forth for 1 minute before observing the
mixture for clumping.
The coagglutination reagents were prepared as pre-

viously described (8). Briefly, a 10% (w/v) suspen-
sion of stabilized S. aureus cells, Cowan I strain, was
prepared, and aliquots of this suspension were sen-
sitized with specific antisera to yield the coagglutin-
ation reagents. These were control-tested against
homologous and heterologous antigens to assure ad-
equate sensitivity and specificity.
The S. aureus culture was grown as a lawn on

Mueller-Hinton agar. Following 24 h of incubation at
35-37 'C, the bacterial lawn was harvested into phos-
phate-buffered saline, pH 7.2-7.4 (PBS). This sus-
pension was then heated in a water-bath at 100 'C for
20 min. The heat-treated Staphylococcus suspension
was washed 3 times in PBS and then treated with
0.57o formaldehyde in PBS for 2 h at room tempera-
ture (20-30 'C). Following 3 further PBS washes, the
stabilized staphylococcal cells were brought to a 10%
(w/v) suspension in PBS containing 0.1I% sodium
azide (PBS-azide) and stored in the refrigerator. The
coagglutination reagent was prepared by mixing 1 ml
of stabilized staphylococcal cell suspension with
0.1 ml of rabbit antiserum; these were left to react at
room temperature for 30 min. The mixture was then

centrifuged, and the antiserum-sensitized cells were
resuspended to a 2%7 concentration in PBS-azide.
The sensitizing antisera employed were N. menin-

gitidis group A and C,a H. influenzae type b,b and
S.pneumoniae Omni-serum.C For this study, the
coagglutination reagents were prepared at the Naval
Health Research Center in California and shipped in
January-February by ordinary air mail to Upper
Volta. Transit time was approximately 14 days. The
reagents were refrigerated at the Centre Muraz in
Bobo-Dioulasso until taken to the field, where they
were continually exposed to the local ambient tem-
perature but were protected from direct sunlight. The
temperature reached 30 °C during the 3-week test
period in Koutiala and remained at 30-40 °C during
the 8-week test period in Penny.
The CSF specimens were 6-72 hours old when re-

tested at the Centre Muraz. The same batches of coag-
glutination reagents, stored in a refrigerator, were
used in the laboratory as were used in the field.

RESULTS

Thirty CSF specimens from Koutiala were
evaluated (Table 1). In 28 of these, the field results
were confirmed by the Centre Muraz laboratory; the
agreement between the CSF results obtained by the
attendant in Koutiala and the laboratory was there-
fore 93 O7o. One case identified as H. influenzae menin-
gitis by the laboratory was found to be negative by the
attendant. No cases of meningococcal meningitis
were identified.
Twenty CSF specimens from Penny were evaluated

(Table 1). In 16 of these (80q7o), there was agreement
between the attendants' results and those of the
laboratory; specimens from 4 patients were given a
non-specific diagnosis by the attendant, i.e.,
N. meningitidis group A + C (Table 1). This was
apparently due to excess antigen in the CSF because
after 1:10 dilution of these specimens in the Centre
Muraz laboratory, they yielded specific reactions for
meningococcal groups A and C, and H. influenzae
type b.
A bacterial etiology for the infection was thus iden-

tified in 43 out of the 50 CSF samples. S.pneumoniae
was the most common agent, H. influenzae was next,
and N. meningitidis comprised only 9%o of the total.
The coagglutination reagents showed no loss of

reactivity when exposed in the field to elevated
ambient temperatures for as long as 8 weeks.
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Fig. 1. Simple, reusable kit for performing coagglutination, latex agglutination, or other inert particle
aggregation diagnostic tests.



RAPID DIAGNOSIS OF CEREBROSPINAL MENINGITIS

Table 1. Comparison of coagglutination test results on
CSF specimens for the diagnosis of meningitis which
were obtained by African medical attendants and veri-
fied by an established microbiology laboratory (controls)

No. of positive CSF specimens from:

Etiological Koutiala Penny
agent

Attendant Control Attendant Control

N. meningitidis
group A 0 0 1 3

N. meningitidis
group C 0 0 0 1

N. meningitidis
group A+CC 0 0 4 0

S. pneumoniae 21 21 8 8
H. influenzae
type b 6 7 2 3

Negative 3 2 5 5

Totals 30 30 20 20

a Cross reaction due to excess antigen. Following dilution in
the control laboratory, these yielded specific reactions.

DISCUSSION

If the WHO objective of Health for All by the Year
2000 is to be achieved, new and novel approaches to
health care delivery must be employed. This study of a
simple kit for the rapid diagnosis of meningitis
demonstrates that modern medical laboratory tech-
nology can be adapted to support primary health care
delivery in the rural areas of developing countries.

Coagglutination test reagents were chosen for use
in this study for several reasons: simplicity of use,
specificity, sensitivity, adaptability, stability, and
economy. To some degree, most of these characteris-
tics are shared by reagents of other IPA systems, e.g.,
the latex test. When these types of reagents are
employed in simple mixing tests on microscope slides,
all of them can be performed with equal facility.
Specificity and sensitivity are about equal for the
coagglutination and latex tests (4), and this is especi-
ally evident in studies where parallel comparisons
were made using both types of reagents sensitized
with the same antisera (13, 18). Both tests have been
adapted for the diagnosis of a variety of infections.

Stability was an important consideration. Coag-
glutination reagents prepared in our US laboratory
had been shown in preliminary experiments to be
remarkably stable and durable. Some had been stored
for 3 years at 4 °C with no loss of activity. Also,
storage for 2 months at 37 °C resulted in no titre loss.
Experiments involving freezing and thawing of these
reagents revealed little loss of sensitivity. As a result

of these preliminary studies, it was felt that these
reagents could be sent by air mail from California
to West Africa during the winter months, and they
could subsequently be used in hot tropical conditions.
Indeed, this proved to be the case.

Economy, especially from the point of view of
developing countries, is a particularly attractive
feature of the coagglutination tests. This is because
coagglutination reagents can be easily prepared
locally using existing laboratory facilities and mostly
locally available raw materials. The inert particles
used, which were stabilized Staphylococcus cells, can
be grown and processed in a central health labora-
tory. It is not necessary to import reagent particles
such as latex beads. Special antisera might have to
be imported, but the coagglutination test is more
sparing in the use of these reagents than other rapid
diagnostic test systems. For example 1 ml of anti-
serum can yield 4000 coagglutination tests versus 175
counterimmunoelectrophoresis tests with the same
amount of serum (8). In another system, 1 ml of anti-
serum yielded 800 coagglutination tests as compared
with 160 latex tests (13). In our experience, 1 ml of
antiserum yielded enough coagglutination reagent for
from 1000 to 2000 rapid diagnostic tests.
When the health laboratories in developing coun-

tries start to produce their own coagglutination
reagents, as has already been done (1, 11, 14), these
reagents prepared locally should, as elsewhere, be
control-tested for suitability against local bacterial
strains and specimens. We have additional personal
experience in teaching the methodology in Egypt and
Morocco. Given the lower labour costs in developing
countries, the need for minimal reliance on imported
materials, the preference for commonly available
laboratory equipment, and the wide variety of anti-
sera utilizable by the coagglutination test, it appears
that this test might be very appropriate for use in
developing countries.
The simplicity of this diagnostic test system made it

possible to instruct local primary health care workers,
i.e., West African medical attendants, in only 6
teaching hours, after which they performed the tests
independently with a high degree of accuracy. This
shows that modern medical technology, if properly
designed and presented, can provide effective support
for primary health care delivery in rural areas.
The simple rapid diagnostic test kits used in this

study provided bedside diagnostic information that
was immediately useful for patient care. Instead of
the traditional non-specific diagnosis of "menin-
gitis", based solely on clinical observations, the use
of this simple test system provided a specific etio-
logical diagnosis. These cerebrospinal meningitis
cases were initially assumed to be due to N. menin-
gitidis group C because of the previous year's findings
in Bamako, Mali, and other earlier studies (10). The
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rapid diagnostic tests, however, revealed that 91% of
the patients were infected with S. pneumoniae or
H. influenzae. This specific etiological information
led to appropriate patient therapy and prevented the
inappropriate administration of specific menin-
gococcal vaccines. Had the vaccines been given,
there would have been apparent failures, possibly
disillusioning the medical authorities and the local
inhabitants. Rapid, on-site, specific diagnostic
capability is thus a valuable asset for both patient care
and public health.
The use of coagglutination diagnostic tests has been

reported for a variety of diseases including typhoid
fever (15), Salmonella gastroenteritis (16), cholera (1,
17), bacterial pneumonias (8), dengue fever (anti-
body) (2), hepatitis B (14), and leishmaniasis (6). It
also appears that its potential applications are increas-
ing. The present report shows its successful use in the
diagnosis of meningitis in two rural areas of Africa
where medical facilities were very limited. Thus, this
technology appears to offer useful diagnostic support
for better treatment and control of many tropical
infections.
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RESUME

METHODE SIMPLE A L'AIDE D'UN NECESSAIRE POUR LE DIAGNOSTIC RAPIDE DE
LA MENINGITE CEREBROSPINALE DANS LES REGIONS RURALES DES PAYS EN DEVELOPPEMENT

Les maladies infectieuses aigues surviennent souvent dans
des regions oii les services de laboratoire diagnostique classi-
ques n'existent pas. Pourtant, un diagnostic etiologique et
precoce est souvent une condition essentielle pour traiter et
combattre avec succes les infections graves. Un simple
n6cessaire pour le diagnostic rapide de la meningite cerebro-
spinale a ete mis au point grace a des etudes en laboratoire et
sur le terrain. Le present article d6crit des etudes pratiques
effectuees dans deux zones rurales de Haute-Volta et du

Mali et qui ont montre qu'il est possible d'enseigner a des
assistants medicaux comment se servir, avec un succes consi-
derable, d'un necessaire pour effectuer le diagnostic rapide
des cas de meningite bacterienne. Ce type de necessaire,
fonde sur des epreuves d'agregation de particules inertes
(coagglutination ou agglutination de particules de latex)
fournit une technique appropri&e pour appuyer la distribu-
tion des soins de sant6 primaires dans les regions rurales des
pays en developpement.
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