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Bacterial meningitis in Egypt: analysis of CSF isolates
from hospital patients in Cairo, 1977-78*

N. GUIRGUIS,l K. HAFEZ,1 M. A. EL KHOLY,2 J. B. ROBBINS,3 & E. C. GOTSCHLICH4

Bacterial meningitis remains a major cause of mortality and morbidity in many
countries of the world despite effective antimicrobial therapy. Studies of the etiology and
some laboratory characteristics of bacterial meningitis in Egypt were conducted during
1977-1978. Allpatients suspected ofhaving bacterial meningitis were studied at the time of
admission to the two fever hospitals of Cairo. Direct culture, serological identification of
the capsular type, and countercurrent-immunoelectrophoresis of1627 CSFspecimens were
done. Of these, 276 had bacteria identified either by culture or Gram stain. Pneumococci
were the most common and the serotype distribution was similar to that reported from
other parts ofAfrica; second were meningococci with groups C and B predominating; in
thirdplace was Haemophilus influenzae type b which caused the highest mortality and had
an unusually young age distribution. There were 77 bacterial isolates (22%o), including 11
species, designated as "other" because there was nopredominant species. There were many
"clear" CSFspecimens that werefound to contain pneumococci, meningococci or H. influ-
enzae type b, confirming the needfor more comprehensive laboratoryfacilitiesfor accurate
diagnosis of the etiology of bacterial meningitis.

A revival of interest in the study of encapsulated
bacterial diseases, especially meningitis caused by
these organisms, is due to (1) the occurrence of
several severe epidemics of meningococcal menin-
gitis, even after the use of antibiotics, in the "menin-
gitis belt" of central Africa, in Brazil, Finland and
Norway (1-5); (2) the unacceptable level of mortality
and morbidity for bacterial meningitis despite effec-
tive antibiotic therapy (6, 7); (3) increasing antibiotic
resistance among isolates of meningococci, pneumo-
cocci, and Haemophilus influenzae type b from
patients (1, 8, 9); and (4) the possibility of more effec-
tive control of diseases caused by encapsulated
bacteria as a result of the recent development of
licensed and experimental vaccines for prevention of
infections due to meningococcal groups A, B, C, Y,
and W135, fourteen of the most common pneumo-
coccal capsular types, H. influenzae type b, and group
B streptococci (10).
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Studies of bacterial meningitis in Egypt and ad-
jacent countries have been largely confined to infec-
tions caused by meningococci and Mycobacterium
tuberculosis (11-13). Little attention has been
directed towards bacterial meningitis caused by other
encapsulated bacteria such as H. influenzae type b
and pneumococci.

In 1975, a laboratory was established in Cairo,
under the auspices of the US National Institutes of
Health and the Food and Drug Administration, to
study in greater detail the epidemiology, antigenic
and antibiotic sensitivity characteristics, and immu-
nity status of disease caused by H. influenzae and the
other common causes of acute bacterial meningitis in
Egypt.

MATERIALS AND METHODS

Laboratory

The Biomedical Research Center for Infectious
Diseases (BRCID) is located in Cairo and assists the
Ministry of Health with research programmes in
public health problems.

Patients

Individuals seeking medical care for suspected
meningitis or for fever-accompanied diseases from
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the Cairo region and Giza (population 10.2 million)
go directly, or are referred by health care authorities,
to the Abassia and Imbaba Communicable Disease
Hospitals (14). All patients suspected or diagnosed as
having meningitis in the Greater Cairo area are
compelled to be referred to these two hospitals. The
patients were examined by the hospital physicians and
blood and/or CSF specimens were taken according to
their judgement.

CSF specimens

The cerebrospinal fluid (CSF) specimens were
divided and an aliquot sent to the BRCID chemistry
laboratory for determination of their cellular content,
protein and glucose. The other aliquot was placed
into a sterile container and stored at 37 °C until
picked up by BRCID personnel. The specimens were
collected within a few hours of the lumbar puncture.
When received at the BRCID, an aliquot was
delivered for primary culture on sheep blood, Muller-
Hinton and Levinthal agars at 37 °C in a 5% C02
moist chamber, and an aliquot was centrifuged at
4 °C for 15 min. The resultant sediment was stained
by Gram's method and the supernatant was studied
by countercurrent-immunoelectrophoresis (CIE) for
pneumococcal, meningococcal and H.influenzae
type b capsular polysaccharide antigens as described
(14, 15).

Identification of the bacterial isolates

Bacterial colonies from their primary culture were
reviewed. They were transferred to specific media
based upon their colonial morphology and analysed
for their haemolytic property, bile-solubility, and
optochin sensitivity for pneumococci. Pneumococcal
serotyping utilized the Quellung reaction with rabbit
typing antisera from the WHO Pneumococcal Refer-
ence Laboratory, Statens Seruminstitut, Copenhagen
(17). For meningococci, the colonies were cultivated
on Mueller-Hinton media at 37 °C in a 50/o CO2
environment. Catalase, peroxidase reactions, and
dextrose, maltose, lactose and sucrose fermentation
assays were used to confirm their identity as meningo-
cocci. Meningococci were serogrouped by both slide
agglutination and halo formation on meningococcal
group A, B, C, W135, Y and 29E antiserum agar
(17-19). All H. influenzae disease isolates yield
precipitin haloes using burro type b antiserum-agar
(18, 20, 21). The other bacterial isolates were
identified according to common bacteriological
procedures.

Countercurrent-immunoelectrophoresis (CIE)
CIE was performed with 10 Al CSF samples using

1 0/o Special Noble Agar (Difco, Detroit, MI) in

0.05 mol/l veronal-acetate buffer, pH 8.6, 1 V/cm
(15). The electrophoresis was conducted at room
temperature for 2 h and the glass slides equilibrated
at refrigerator temperature before being visually
inspected. Then, the slides were soaked in 0.15
mmol/l NaCl at refrigerator temperature for 3 days,
rinsed in distilled water, air dried, and stained with
Coomassie brilliant blue. CSF specimens were run
initially against Omniserum (20) for pneumococci,
meningococci groups A, B, C, Y, 29E and W135, and
H. influenzae type b antisera. In cases with sufficient
CSF, samples from patients whose pneumococcal
isolate had been typed, were run again with the
specific typing antiserum that had yielded a positive
Quellung reaction.

Antisera

Pneumococcal typing sera were obtained from the
WHO Pneumococcal Laboratory, Statens Serum-
institut, Copenhagen, Denmark. Meningococcal and
H. influenzae typing antisera were prepared in horses
and burros according to published methods (21).

RESULTS

CSF specimens

During the two study years 1977 and 1978
(excluding the month of August), 1627 CSF speci-
mens were collected for investigation. Turbidity,
defined as more than 1000 polymorphonuclear
neutrophil leukocytes per cu. mm., was observed in
589 specimens. From these specimens, presumed to be
characteristic of bacterial meningitis, 276 (47/o) had
bacteria identified by direct culture, Gram stain
and/or CIE. Of these 276 specimens, 236 (85.5%)
were identified as pneumococci, meningococci or
H.influenzae type b and 40 (14.5O/o) as "other".
Similarly, a bacterial agent was found in 74 Qf the
"clear" CSF specimens (7.1 %), of which 29 (39.1 bo)
were meningococci, 8 (10%) were pneumococci, and
the remaining 37 were classified as "other".
Pneumococci were the most common bacteria

detected (in 142 CSF specimens) and comprised
40.6% of all the bacterial isolates and 8.7Go of all CSF
specimens. Next most common were the meningo-
cocci (in 89 specimens), comprising 25.4%o of all the
CSF bacteria and 5.5% of the CSF specimens.
H. influenzae type b (in 42 specimens) comprised
12.Oo of the CSF bacterial isolates and 2.6% of all
the CSF specimens. There were 77 bacterial isolates
(22.0%o), including 11 species, designated as "other"
because there was no predominant species. The above
findings are summarized in Table 1.
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Table 1. Analysis of cerebrospinal fluid isolates from patients at the Abassia and Imbaba Communicable Disease
Hospitals, 1977-1978

Total
Turbid a Clear

No. %

No. of CSF specimens studied 589 1038 1627 100.0

No. positive for bacteria 276 74 350 21.0 (100%)b
Pneumococci 134 8 142 8.7 (40.6%)
Meningococci 60 29 89 5.5 (25.4%)
H. influenzae type b 42 0 42 2.6 (12.0%)
"Other" bacteria 40 37 77 4.7 (22.0%)

a Turbidity is defined as more than 1000 polymorphonuclear neutrophil leukocytes per cu. mm.
b Percentage of total bacterial isolates.

Seasonal distribution gitides. Turbid CSF, without demonstrable bacteria,

Table 2 shows that the summer months of July and showed a peak incidence in March and May, whereas
had the lowest number of bacterial menin- clear CSF without bacteria showed a high incidenceSeptemberhateoetubrratramnn from February till July. These findings ar

gitis cases. The peak months for pneumococci were
January to May, for meningococci from November summarized in Table 2.
till April, and for H. influenzae type b in December
and January. The number of cases, divided on a
monthly basis, are too few for statistical evaluation.
However, a more even distribution throughout the The age and sex distribution of patients with
year was observed with the "other" bacterial menin- bacterial meningitis is shown in Table 3. It can be seen

Table 2. Average number of bacterial meningitis cases by month from the Abassia and Imbaba Communicable
Disease Hospitals, 1977-1978a

Turbid CSF Clear CSF
H. influenzae "Other" without without

Month Pneumococci Meningococci type b bacteria bacteria bacteria

January 1 1 6 5 4 19 49

February 7 6 1 3 16 69
March 16 5 3 4 26 66

April 10 5 3 4 15 46.
May 8 1 2 6 25 64

June 3 4 3 5 11 71

July 5 1 2 1 10 65
August b

September 6 3 0 3 3 26
October 5 2 1 8 15 38
November 6 11 2 5 8 39
December 5 6 4 1 11 32

Total 82 50 26 44 159 585

a The number of cases of bacterial meningitis under each category diagnosed at the Abassia and Imbaba Hospitals during the two-
year period, 1977-1978, were averaged for each month. The total number of CSF with bacteria was 202 during this study period.

b No cases were diagnosed during August when the Biomedical Research Center for Infectious Diseases was closed.

519



N. GUIRGUIS ET AL.

Table 3. Age distribution of bacterial meningitis cases according to etiology, Abassia and Imbaba Communicable
Disease Hospitals, 1977-1978

H. influenzae "Other"
Age of Pneumococci Meningococci type b bacteria Total
patient
(years) No. % No. % No. % No. % No. %

0-1 35 25 16 18 35 83 13 17 99 28
1-4 25 18 18 20 7 17 18 23 68 19

5-9 17 12 16 18 0 15 20 48 14

10-14 26 18 9 10 0 9 12 44 13

15-34 28 20 19 21 14 18 61 17

>35 11 8 11 12 0 0 8 10 30 9

Total 142 89 42 77 350

that the attack rate, considering the total population,
was highest in the infants (0-1 year) for all three
major causes of bacterial meningitis. For pneumo-
coccus, there was also an increased number of cases in
the 10-34-year age group. Infants and children com-
prised most of the meningococcal meningitis patients.
In contrast, most of the H. influenzae type b cases
were in infants, with 83% (35 cases) occurring in those
under 1 year old, 6 cases aged 1-2 years, and 1 case in
a 4 year old. With the exception of meningococcal
meningitis cases in the 10-14-year age group, there
were more male (200) than female (150) cases. The
overall mortality (fatality rate) of pneumococcal
meningitis patients was 44.4% with the highest rates
in those under 1 year old (60.0%) and over the age of
35 years (72.7%) (Table 4). The lowest overall

mortality was observed in meningococcal meningitis
cases (21.3%), the 5-14-year age group being the least
affected (8.0%). The highest overall mortality in the
bacterial meningitis cases in this study was due to
H. influenzae type b (57%), the fatality rate being the
same for the under-I-year age group and for the 7
cases aged 1-4 years.

Pneumococcal meningitis

Initially, inexperience in the storage of pneumo-
cocci and unavailability of all serotyping sera from
the Statens Seruminstitut resulted in our inability to
define the capsular types of the first pneumococcal
isolates. There were 43 specimens in which the Gram
stain revealed Gram-positive lancet-shaped diplo-

Table 4. Bacterial meningitis fatality rates (F.R.) related to etiology and age of patients at the Abassia and Imbaba
Communicable Disease Hospitals, 1977-1978

Bacterial etiology
Age of Overall
patient Pneumococci Meningococci H. influenzae "Other" fatality
(years) type b bacteria rate (%)

No.of F.R. No. of F.R. No. of F.R. No. of F.R.
patients (%) patients (%) patients (%) patients (%)

(No. dead) (No. dead) (No. dead) (No. dead)

0-1 35 (21) 60 16 (3) 1 9 35 (20) 57 13 (9) 69 54

1-4 25 (12) 48 18 (6) 33 7 (4) 57 18 (7) 39 43
5-14 43 (13) 30 25 (2) 8 0 (0) 0 24 (0) 0 1 6
15-34 28 (9) 32 19 (5) 26 0 (0) 0 14 (0) 0 23
)35 1 1 (8) 73 1 1 (3) 27 0 (0) 0 8 (3) 38 47

Total 142 (63) 44 89 (19) 21 42 (24) 57 77 (19) 25 36
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cocci in CSF specimens that did not yield a positive
culture. Among the total of 142 CSF isolates
considered as pneumococci, the capsular type was
established by the Quellung reaction in 99 (Table 5).
Two strains yielded a definite reaction with more than
one typing antisera (see Table 5). Type 1 was the most
frequent capsular type observed (34 out of 99, or
34%), and there were two or more isolates of types 2,
4, 6, 7, 9, 10, 12, 14, 18, 19, 20, 34, 36, 45 and 46. Of
the 99 strains in this survey, 69 (70%) were rep-

resented by the current USA-licensed 14-valent
pneumococcal vaccine. There were no special fea-
tures in the distribution of capsular types among the
age groups.

Meningococcal meningitis

Table 6 shows that group C was the predominant
serogroup (20 cases) followed by group B (15 cases).
Group A (3 isolates) and groups 29E and W135 (one

Table 5. Age distribution and serotypes of pneumococci isolated from CSF of patients with bacterial meningitis,
Abassia and Imbaba Communicable Disease Hospitals, 1977-1978

Capsular Ages of patients (years)
typea < 1 1-4 5-9 10-14 15-34 >35 Total

2
3

4

5

6
7

8

9

10
11

12

14

15
18
19
20

23
24

29

33

34

35

36

38

39
45

46

(29, 42)b
(29, 35, 42) b

3
2

8 7 6 7

2

2

1 2
2

3 34
3

3

5
3

6
4

4

2

3

3
4

2

2

2 4

32

Total 24 16 12 20 17 10 99

a Italicized capsular types indicate those components in the current US licensed vaccine.
b Quellung reactions were observed with several typing antisera.
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Table 6. Serogroups and CSF turbidity of meningo-
coccal meningitis cases, Abassia and Imbaba Communi-
cable Disease Hospitals, 1977-1978

No. of cases
Meningococcal Total
serogroups CSF turbid' CSF clear

A 3 0 3

B 15 3 18
C 20 16 36
Other groupsb 5 6 11

Undetermined' 1 7 4 21

Total 60 29 89

° Defined as having more than 1000 polymorphonuclear
neutrophil leukocytes per cu. mm.

b Other groups included one each of 29E and Wi 35; three iso-
lates could not be serogrouped.

' These organisms were identified as meningococci by the
Gram-stain method only.

of each) were also observed. Of interest was the find-
ing of "clear" CSF (less than 1000 polymorpho-
nuclear neutrophil leukocytes per cu. mm.) in 16 of
the 36 CSF specimens with demonstrable group C
organisms and/or positive CIE. There were also
"clear" CSF specimens noted with group B and other
minor serogroups.

H. influenzae type b meningitis
All H. influenzae isolates yielded a specific pre-

cipitin halo with type b antisera upon initial isolation.
There was one case in which the diagnosis was estab-
lished by CIE only. H. influenzae type b meningitis
was characteristically distributed among the very
young, had a high mortality rate (57%) (Table 4), and
was relatively infrequent among the major CSF
bacterial isolates (Table 1).

DISCUSSION

At the time of the study, the estimate of the total
number of cases of bacterial meningitis was limited by
our incomplete knowledge of the etiology of un-
explained deaths in the Abassia and Imbaba hospitals
and by the probability that many patients were treated
outside with antibiotics and were not brought to these
hospitals for diagnosis. Another factor that may have
influenced the results of this study is that the BRID
laboratories were not located in the grounds of these
two hospitals; in the absence of independent diag-
nostic facilities in both hospitals, no surveillance was

carried out in August when the BRID was closed for
vacation.
A considerable number of CSF isolates were turbid

and had a cellular and chemical profile suggesting a
bacterial infection. Yet, with the available techniques
we could not establish an etiological diagnosis. Our
best explanation for this observation is based upon
the knowledge about the widespread use of chloram-
phenicol and ampicillin; it is likely that many of our
patients had received these or other antibiotics before
the CSF was obtained. Similar findings of many
unexplained turbid CSF specimens without a demon-
strable bacterial etiology have been reported (22, 23).
We plan to increase the sensitivity of our CIE tech-
nique to include sulfonated boric acid buffers for
neutral pneumococcal capsular polysaccharides, ana-
lysis of serum and urine for the capsular antigens, and
serological techniques to assay recent or active infec-
tions (14, 24). Another approach under consideration
is the use of gas-liquid chromatography to identify
specific compounds elaborated by the bacterial path-
ogens (25, 26).
An estimate of the population involved in this study

may be derived from published demographic reports
(14). During the study years, the population of Cairo
and surrounding communities was estimated to be
about ten million. Based upon the number of bac-
terial meningitis cases in our survey, the number
of cases due to pneumococci, meningococci and
H. influenzae type b may be estimated to be at least
1.5 per 100 000 population. This number must be
considered as a minimal estimate owing to the factors
cited above.

There were some surprising findings in our study.
First, the high mortality of all cases of bacterial
meningitis, especially that induced by pneumococci,
was unexpected. The high morbidity of pneumo-
coccal meningitis, which is about 50%o in Nigeria and
15-2507o in the USA and Europe, has been reviewed
(6, 7). These findings indicate that more effective
control of bacterial meningitis should be sought and
suggests that immunoprophylaxis with our current
vaccines should be considered. Second, pneumo-
coccal capsular types among the disease isolates had
some unusual characteristics and similarities to pre-
vious studies. The predominance of types 6, 14, 18, 19
and 23 among young patients, as reported from other
countries, was not observed (26-28). The detection of
types 45 and 46 in Egypt is important as these capsular
polysaccharides have only been identified in disease
isolates in southern and central Africa and New
Guinea (26-29). This indicates that additional types,
perhaps with a geographically specific formulation,
to supplement the primary 14-valent vaccine, may
have to be devised in order to account for this
difference between these African and Asian areas and
the USA and Europe.
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The high mortality of meningococcal meningitis
cases described here, compared to previous analyses
from areas with endemic and epidemic disease, was
unexpected. As there was no unusual pattern in the
serogroups and age and sex distribution among the
meningococcal disease isolates, as compared with
data from other countries with endemic disease,
further studies are planned to identify those factors
that might be responsible for the high mortality.
Another unusual feature in our meningococcal
meningitis cases was the high proportion with a
"clear" CSF. Of the 89 meningococcal cases, 29 had
clear CSF; this was highest in the 0-1-year age group
with 8 out of 16 (500o) showing clear CSF. Most of
these cases with clear CSF were due to group C
meningococci.
An unexpected finding was the comparatively low

frequency, high mortality, and young age distribution
of patients with H. influenzae type b meningitis, in

contrast to that observed in other parts of the world
(31-33). We have presumed that the unusually high
mortality connected with this disease was primarily
related to the young age of the patients; thus, there
were 20 deaths among the 35 patients less than 1 year
old (57%) and 4 deaths from 7 patients aged 1-5 years
(57%). Existing H. influenzae type b capsular
polysaccharide vaccines do not confer protection in
children under the age of 18 months (33, 34).
Accordingly, control measures for this disease cannot
yet be based on immunoprophylaxis. In another
paper we hope to show that the carrier rate ofH. influ-
enzae type b is higher in Egypt than in other countries
according to their reports. This finding could account
for the lower age distribution and higher death rate of
H. influenzae type b meningitis cases in Egypt. The
reasons for this high carrier rate and its possible
relation to the young age of the patients and the
acquisition of immunity will also be discussed.
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RISUMt

LA MtNINGITE BACTtRIENNE EN EGYPTE:
ANALYSE D'ISOLATS DE LCR VENANT DE MALADES HOSPITALIStS AU CAIRE, 1977-1978

Des chercheurs en Egypte se sont penches sur le probleme
de la meningite bacterienne qui, malgre une chimiotherapie
antimicrobienne efficace, continue A faire des victimes.
Meningocoques, pneumocoques et H. influenzae type b
manifestent une resistance de plus en plus grande A l'6gard
des antibiotiques, ce qui complique evidemment l'institu-
tion d'un traitement adequat. La mise au point de vaccins
agrees ou experimentaux pour la prevention des maladies
caus6es par des bact6ries encapsulees exige que l'on dispose
d'informations plus precises sur l'epidemiologie, 1'etiologie
et la fr6quence des affections dues A ces organismes, et de la
meningite bacterienne en particulier. En 1975 un laboratoire
a e ouvert au Centre de Recherche biomedicale sur les
Maladies infectieuses, au Caire, avec la collaboration de
deux institutions americaines (US Food and Drug Adminis-
tration, National Institute of Allergy and Infectious Dis-
eases) et le soutien de l'US Public Law 480 Program. Les
etudes sur la meningite bacterienne men&es en Egypte et
dans les pays voisins s'etaient jusque lA interessees surtout
aux epidemies caus&es par les meningocoques du groupe A
ou Mycobacterium tuberculosis. Des prelevements de LCR
venant de 1627 patients chez qui l'on suspectait une menin-
gite bacterienne ont e etudies par culture directe, colo-

ration de Gram et electrosynerese. Le typage des isolats a
e fait par reaction de Quellung pour les pneumocoques et
par la technique de l'antiserum sur gelose pour les meningo-
coques et H. influenzae type b. On a ainsi, dans 276 cas ou le
LCR etait trouble, identifie une m6ningite d'origine bacte-
rienne, due le plus souvent (40,6%) au pneumocoque. Les
serotypes des pneumocoques isoles au cours de cette etude
correspondent A ce que l'on retrouve en d'autres points
de l'Afrique. Les meningocoques representaient 25,4% des
organismes isoles, le groupe C venant en tete suivi par le
groupe B. Les meningites A H. influenzae type b (12,0% des
isolats) se caracterisent par leur distribution- elles frappent
particulierement les tres jeunes enfants-et leur mortalite
elevee (40%). Les echantillons de LCR, dont beaucoup
etaient <<clairs>>, ont donne A la culture ou A l'examen serolo-
gique la preuve d'une infection par les m6ningocoques (le
plus souvent), les pneumocoques ou H. influenzae type b.
Enfin, 77 isolats bacteriens ont e classes sous la rubrique
<autres> du fait qu'ils ne comportaient pas d'espece pre-
dominante; on ne trouve pas avec ces <<autres>> organismes
l'habituelle distribution saisonniere ou par Age caracteris-
tique des trois principaux agents de la meningite bact6-
rienne.
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