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Abstract Laboratory-based surveillance for bacterial men-
ingitis was conducted in a network of infectious disease
hospitals in Egypt to better understand the epidemiology of
this infection. Healthcare and laboratory personnel were
trained in basic surveillance and microbiologic processing
of cerebrospinal fluid (CSF) specimens. All bacterial

isolates from CSF were confirmed and tested for antimicro-
bial susceptibility. PCR testing was performed on a random
subset of purulent, culture-negative CSF specimens. Of
11,070 patients who met criteria for the case definition, 843
(8%) were culture positive (42% positive for Streptococcus
pneumoniae, 20% for Haemophilus influenzae serotype b,
17% for each of Neisseria meningitidis and Mycobacterium
tuberculosis, and 6% for other bacteria). Of 1,784 (46%)
CSF specimens tested by PCR, 232 (13%) were positive for
the first three major pathogens. Of N. meningitidis isolates,
52% belonged to serogroup A, 35% to serogroup B, and
4% to serogroup W135. S. pneumoniae isolates comprised
46 different serotypes, of which 6B, 1, 19A, 23F, and 6A
were the most predominant. The overall case-fatality rate
for culture-positive cases was 26% and was highest among
patients with M. tuberculosis (47%). Factors significantly
associated with death (p<0.05) included admission to
rural hospitals, long prodromal period, referral from
other hospitals, antibiotic treatment prior to admission,
and clear CSF (<100 cells/mm3). Susceptibility to
ampicillin and ceftriaxone was observed in 44 and 100%
of H. influenzae serotype b isolates and in 52 and 94% of
S. pneumoniae isolates, respectively. This surveillance
highlights the significant mortality and morbidity associ-
ated with bacterial meningitis in Egypt. Decision makers
need to review current treatment guidelines and introduce
appropriate vaccines for prevention and control of the
disease.

Introduction

Bacterial meningitis remains an important public health
problem worldwide [1]. Even with antimicrobial therapy
and the availability of advanced intensive care, case-fatality
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rates (CFRs) are ∼25% in industrialized countries [2, 3]
and are much higher in the developing world [1]. Between
10 and 20% of survivors develop permanent disabling
neurologic sequelae such as epilepsy, mental retardation, or
deafness. In the Middle East, localized epidemics of
bacterial meningitis have been reported from various
countries [4]. Saudi Arabia experienced large meningococ-
cal meningitis epidemics during the Hajj seasons [5, 6].
Sudan falls within the African meningitis belt and has
experienced large-scale meningitis epidemics, the latest of
which occurred in 2001–2002 [4].

Worldwide, the major causes of bacterial meningitis are
Streptococcus pneumoniae, Haemophilus influenzae sero-
type b, and Neisseria meningitidis [7, 8]. In Egypt, most
published meningitis studies were conducted at one large
infectious disease hospital in Cairo [9], and available data
describing the epidemiology of bacterial meningitis coun-
try-wide is minimal. However, since determining the
etiology and antimicrobial susceptibility of meningitis
pathogens is necessary for improving the clinical manage-
ment of cases, for guiding therapeutic decisions, and for
designing preventive strategies, the Egyptian Ministry of
Health and Population and the U.S. Naval Medical
Research Unit #3 (NAMRU-3) initiated laboratory-based
surveillance in 1998 to better describe the epidemiologic
and clinical characteristics of patients with bacterial
meningitis in a network of 14 infectious disease hospitals
throughout the country. Some findings in children under
6 years old, obtained during the first 2 years of this
surveillance (1998–2000), have been partly described [10].

Since isolation of fastidious organisms from the cere-
brospinal fluid (CSF) is challenging and requires the use of
special media, standard bacteriologic isolation methods,
and careful handling, polymerase chain reaction (PCR)
testing was used on a random subset of CSF specimens to
maximize the pathogen yield. Antibiotic resistance of
identified pathogens was evaluated according to the latest
guidelines of the Clinical and Laboratory Standards
Institute (CLSI, formerly NCCLS). The present report
describes the results of this surveillance, as well as the
lessons learned during the process.

Materials and methods

Surveillance setup and case identification

Active, laboratory-based surveillance for meningitis was
initiated in 1998 in six infectious disease hospitals (also
known as “fever” hospitals), including two in urban
Cairo, two in Lower Egypt, and two in Upper Egypt.
Personnel at additional sites were gradually trained, and
those sites were included in the first 3 years of study to

form a surveillance network of 14 hospitals throughout
the country. In Egypt, patients with suspected meningitis
are required by law to be referred to these fever hospitals.
Lumbar puncture for patients with suspected meningitis is
a routine diagnostic procedure in these hospitals in Egypt.
All patients with suspected meningitis (see definitions
below) admitted to the participating hospitals were
evaluated.

Prior to the implementation of this laboratory-based
surveillance activity, a baseline assessment of the
microbiology laboratories in participating hospitals
revealed that they have variable capacities to perform
basic microbiologic functions. Laboratory training was
conducted to standardize techniques, and upgrading was
performed through the provision of key equipment,
reagents, and supplies. A standardized, simple form for
collecting information on basic demographic and clinical
characteristics of enrolled patients was designed. Clini-
cal training for the participating clinicians was con-
ducted on standard case definition criteria, aseptic
collection of CSF from patients with suspected menin-
gitis, and completion of the standardized data collection
forms. In this report, a total of 11,070 patients were
enrolled in the surveillance network during the period
from June 1998 to June 2004.

The study protocol was approved by the U.S. Naval
Medical Research Unit No.3 Institutional Review Board,
Protocol #30968, in compliance with all federal regulations
governing the protection of human subjects. The experi-
ments comply with the current laws of Egypt.

Case definitions

Criteria described previously by Youssef et al. [10] have
been used throughout this study. Case patients with a CSF
cell count of ≥100 cells/mm3 were classified as having
purulent meningitis on the basis of WHO definitions [11].

CSF processing and bacterial culture

Methods used in this study have been described previously
[10]. Briefly, CSF was inspected for appearance and
processed for differential leukocytic cell count and glu-
cose/protein levels. Microbiologic analysis included Gram
stain and bacterial culture on blood, MacConkey, and
chocolate agar plates [8]. Samples collected after hours
were inoculated into Trans-Isolate Medium (TIM) [12] and
cultured on plates on the next day [12]. For Mycobacterium
tuberculosis, CSF samples were inoculated into Low-
enstein–Jensen medium (Becton Dickinson, Franklin
Lakes, NJ, USA). The decision to perform M. tuberculosis
cultures was made at the discretion of the admitting
physician [13].
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Monthly hospital visits

On a monthly basis, investigators conducted site visits to all
participating hospitals and met with clinicians and labora-
tory personnel to follow up on progress, solve problems,
evaluate quality control measures, perform refresher train-
ing as needed, and replenish media, reagents, and supplies.
In addition, they collected the following: surveillance data,
recovered isolates, TIM bottles (preserved at room temper-
ature), aliquots of frozen CSF (preserved at >20°C), and M.
tuberculosis cultures. Confirmation of bacterial isolates,
evaluation of antimicrobial sensitivity patterns, and PCR of
a subset of culture-negative CSF specimens were all
conducted at NAMRU-3.

Antimicrobial susceptibility testing

For N. meningitidis and S. pneumoniae, antimicrobial
susceptibility testing was performed by the E-test method
according to the manufacturer’s instructions (AB Biodisk,
Solna, Sweden). Inocula were prepared in 0.85% saline,
and turbidity was adjusted to the equivalent of a 0.5 McFar-
land standard. Results were interpreted as recommended by
the CLSI (formerly NCCLS) [14]. The Kirby–Bauer disk
diffusion method [15] was used only for H. influenzae
serotype b isolates. Six antibiotics were used: penicillin
(10 units), ampicillin (10 μg), chloramphenicol (30 μg),
tetracycline (30 μg), trimethoprim/sulfamethoxazole
(5 μg) (TMP/SMX), and ceftriaxone. Beta-lactamase
testing was conducted for ampicillin-resistant isolates of
H. influenzae and N. meningitidis.

Serotyping

N. meningitidis and H. influenzae serotype b were sero-
grouped by slide agglutination using specific antisera
(Becton–Dickenson). Pneumococcal isolates were sero-
typed using latex agglutination and the Quellung reaction
for confirmation as previously described [16].

PCR screening of culture-negative CSF specimens

A total of 1,784 purulent culture-negative specimens were
selected for PCR testing. To evaluate sensitivity and
specificity of the assay, CSF specimens from 105 patients
with culture-confirmed disease by any of the three major
pathogens were included. Bacterial DNA was extracted
using the QIAamp DNA Blood Mini Kit (Qiagen, Valencia,
CA, USA) according to the manufacturer’s instructions.
The primers used to screen for S. pneumoniae (ply gene)
and N. meningitidis (ctrA gene) were published previously
by Corless et al. [17]. Primers for H. influenzae serotype b
(bexA gene) were published by Falla et al. [18].

PCR reaction mixtures for all three bacteria were
prepared separately using the same amount of DNA
template and reagents. Briefly, 5 μl of an extracted CSF
specimen was added to a 20-μl volume of PCR reaction
mix containing the following: 1 U of Taq DNA polymerase
(Promega, Madison, WI); 200 μM dATP, dGTP, dTTP, and
dCTP; 2.5 μl of 10× buffer (Promega, Madison, WI,
USA); 0.4 μM of each primer, and 2 mM MgCl2. In every
PCR run, a negative control (no DNA template) and a
positive control (bacterial DNA from ATCC strains) for
each pathogen were included. S. pneumoniae ATCC 49619,
H. influenzae ATCC 10211, and N. meningitidis ATCC
13090 were used as positive controls.

DNAwas amplified using a GeneAmp PCR System 9700
thermocycler (Applied Biosystems, Foster City, CA, USA)
using the following parameters: for S. pneumoniae, initial
heating at 94°C for 5 min followed by 30 cycles of dena-
turation at 94°C for 30 sec, annealing at 63°C for 30 sec,
and extension at 72°C for 30 sec; for H. influenzae, serotype
b, initial heating at 94°C for 5 min followed by 25 cycles of
denaturation at 94°C for 60 sec, annealing at 55°C for 30 sec,
and extension at 72°C for 30 sec; for N. meningitidis, initial
heating at 94°C for 5 min followed by 35 cycles of
denaturation at 94°C for 30 sec, annealing at 55°C for
30 sec, and extension at 72°C for 30 sec. After completion
of all cycles, a final extension of 7 min at 72°C was per-
formed for each run. PCR products (8 μl) were electro-
phoresed through 2% agarose in 1× TBS buffer and made
visible by ethidium bromide staining. All PCR-positive
results for CSF were repeated for confirmation, and pro-
portions of reactive pathogenswere extrapolated to express the
respective rates in total purulent culture-negative specimens.

Data analysis

Data collection forms were entered into a computerized
database (Epi Info version 6.04). Data were analyzed by
age, etiology, locality, and outcome. The chi-square test
was used to detect significant associations between vari-
ables. A p value of ≤0.05 was considered statistically
significant.

Results

Between June 1998 and June 2004, 11,070 patients with
suspected meningitis were admitted to the participating
hospitals. Laboratory findings showed that 843 (8%) of
them had culture-confirmed bacterial meningitis, although
185 (22%) had <100 leukocytes/mm3. Cases with low
leukocyte counts were associated with S. pneumoniae
(37%), M. tuberculosis (19%), H. influenzae serotype b
(17%), N. meningitidis (15%), and others (12%). Overall, S.
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pneumoniae was the leading cause of bacterial meningitis
(42%), followed by H. influenzae serotype b (20%), N.
meningitidis (16%), and M. tuberculosis (16%). Other less
frequently identified pathogens included Staphylococcus
aureus (4%), Cryptococcus neoformans (0.7%), alpha-
hemolytic streptococci (0.4%), and Brucella spp. (0.2%).

Among children <5 years old (n=334), H. influenzae
serotype b was the most commonly isolated bacterium
(48%), followed by S. pneumoniae (36%), N. meningitidis
(9%), and M. tuberculosis (3%). The distribution of
meningitis pathogens by age is presented in Fig. 1.

Most patients (68%) presented at four major hospitals in
three big governorates: Cairo, Giza, and Menofiya. Culture-
positive rates at these hospitals varied between 2 and 11%
(mean, 6%), while rates at those receiving fewer patients
ranged between 3 and 31% (mean, 9.6%; Table 1).

Epidemiologic characteristics

The median age of culture-confirmed patients was 11 years
for those with S. pneumoniae, 7 months for those with H.
influenzae serotype b, 14 years for those with N. meningit-
idis, and 23 years for those with M. tuberculosis (Table 2).
Pneumococcal meningitis, meningococcal meningitis, and
tuberculous meningitis occurred in all age groups, while
48% of meningitis cases caused by H. influenzae serotype b
occurred in patients <5 years of age. The case-fatality ratio
(CFR) ranged from 14% for patients with N. meningitidis to
47% for patients with M. tuberculosis. The CFR was
relatively higher among patients <5 years of age and those
>40 years of age (Fig. 2). Univariate analyses showed that
factors associated with death during hospitalization includ-
ed admission to hospitals in remote or rural areas (p<0.05),

Fig. 1 Age distribution
of patients with bacterial men-
ingitis (confirmed by culture and
PCR), as determined during
sentinel surveillance in Egypt,
1998–2004

Table 1 Isolation rate by fever
hospital (FH) participating in
bacterial meningitis surveil-
lance, Egypt, 1998–2004

Hospital name Governorate No. of cases reported Culture-positive cases Isolation rate (%)

Abbasia FH Cairo 2,540 287 11
Imbaba FH Giza 1,889 101 17
Alexandria FH Alexandria 1,943 107 6
Assiut FH Assiut 933 50 5
Mahalla FH Gharbia 916 89 10
Aswan FH Aswan 293 36 12
Zagazig FH Sharkia 268 32 12
Fayoum FH Fayoum 710 61 9
Qena FH Qena 323 35 11
Shebin Elkom FH Manofya 1,093 17 2
Sohag FH Sohag 71 22 31
Port Saed FH Port Saed 15 4 27
Naga Hammady FH Sohag 14 0 0
Benha FH Qaliobia 62 2 3
Total 11,070 843 8
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longer prodromal phase (interval between disease onset and
hospital admission), previous hospital admission for the
same disease (p=0.05), tuberculous meningitis (p<0.01),
antibiotic treatment prior to admission (p<0.05), and clear
CSF (<100 cells/mm3) (p<0.01). After stratification by
prodromal periods of <5 days or ≥5 days, the above risk
factors (except for the use of antibiotics) remained
significantly associated with mortality (Table 3).

The classic triad of meningitis symptoms (fever, head-
ache, and stiff neck) was observed in 47% of patients with
laboratory-confirmed disease. Skin rash was highest among
patients with meningococcal meningitis. Neurologic com-
plications occurred in 6% of cases during hospitalization

and included epilepsy, nerve palsy, muscle paralysis,
hydrocephalus, brain infarction, mental retardation, and
deafness. These complications were significantly associated
with a longer prodromal period (p<0.001), use of anti-
biotics prior to admission (p<0.05), and pathogen type
(46% in S. pneumoniae, 27% in H. influenzae serotype b,
and 7% in M. tuberculosis).

PCR results

Of the 1,784 purulent culture-negative CSF samples tested
by PCR, 232 (13%) were positive, 108 (6%) with S.
pneumoniae, 90 (5%) with N. meningitidis, and 36 (2%)

Table 2 Distribution of selected clinical and demographic characteristics of bacterial meningitis cases confirmed by culture and PCR during
sentinel surveillance, Egypt, 1998–2004

Criteria Confirmed cases of bacterial meningitis

Pathogens S. pneumoniae
(n=560)

H. influenzae
(n=287)

N. meningitidis
(n=203)

M. tuberculosis
(n=135)

Othera (n=51)

Median age 11 years 7 months 14 years 23 years 7 years
Age range 1 month–

80 years
1 month–
75 years

2 months–
75 years

4 months–
80 years

2 months–
75 years

Percent males 65 48 61 53 58
Median hospital days (range) 9 (1–71) 10 (1–45) 10 (1–44) 8 (1–92) 11 (1–33)
Percent with headache 60 23 66 81 62
Percent with stiff neck 78 60 79 75 72
Percent with photophobia 30 23 37 31 32
Percent with rash 4 3 16 2 4
Percent with neurologic complicationsb 6 8 5 2 8
Median prodromal phase 2 3 2 8 2
Percent CSF <100 leukocytes 68 (19%) 32 (20%) 27 (19%) 36 (27%) 22 (44%)
Case-fatality ratec 24% 25% 14% 47% 8%

a Staphylococcus aureus (4%), Cryptococcus neoformans (0.7%), alpha-hemolytic streptococci (0.4%), and Brucella spp. (0.2%)
b Neurologic complications that occurred during hospitalization include nerve palsy, muscle paralysis, hydrocephalus, brain infarction, brain
abscess, and others

c Number of deaths among hospitalized cases of confirmed bacterial meningitis due to a specific cause divided by the number of hospitalized
patients with the same cause of meningitis

Fig. 2 Case-fatality rate (CFR)
by age group, as determined
during sentinel surveillance in
Egypt, 1998–2004
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with H. influenzae serotype b. Using culture-confirmed
cases as controls, the specificity of the assay was 100% for
all three pathogens, while sensitivity was 97% for S.
pneumoniae, 96% for H. influenzae serotype b, and 95%
for N. meningitidis. If we extrapolate the PCR results and
combine them with the culture results, the overall propor-
tion of pathogen confirmation increases to 11% (1,220/
11,070) and the proportion among patients with purulent
meningitis to 42% (n=2,903).

Bacterial serotyping

Of the N. meningitidis isolates (n=135), 51% were typed as
B, 35% as A, and 4% as W-135. While only 2% belonged
to serogroups D and Y, 8% were untypeable. S. pneumoniae
(n=205) isolates comprised 46 serotypes, with the five
most common (>6% each) being 6B, 1, 19A, 23F, and 6A
[16]. The remaining serotypes occurred in a frequency
ranging between 1 and 4%. Ten isolates (5%) were
untypeable.

Antimicrobial resistance

Of all H. influenzae serotype b isolates, 45% were resistant
to ampicillin, of which 37% (17/52) demonstrated beta-
lactamase production. Resistance rates for TMP-SMX and
chloramphenicol were 40 and 37%, respectively. Of all S.
pneumoniae isolates tested, 49% were nonsusceptible to
penicillin (46% intermediate, MIC range 0.12–1.0 μg/ml;
3% resistant, MIC 2.0 μg/ml), and 6% were nonsusceptible
to ceftriaxone (5% intermediate, MIC 1.0 μg/ml; 1%
resistant, MIC >2 μg/ml; Table 4).

While high rates of resistance to tetracycline (52%) and
TMP-SMX (60%) were detected in S. pneumoniae,
resistance to erythromycin (11%) and chloramphenicol
(9%) was considerably lower (Table 3). Multidrug resis-
tance to >3 antibiotics was observed in 4% of S. pneumo-
niae isolates, and 50% of these were characterized as

serotypes 23F, 6B, and 6A. Resistance of N. meningitidis to
TMP-SMX, ampicillin, and penicillin was 86, 5, and 1%,
respectively. More than 40% of N. meningitidis isolates
showed intermediate resistance to either ampicillin (MIC
0.25–1.0) or penicillin (MIC 0.12–0.25), while intermedi-
ate resistance to both penicillin and TMP-SMX was
observed in 34% of all isolates. A single N. meningitidis
isolate belonging to group B (with intermediate resistance
to penicillin) was also positive for beta-lactamase produc-
tion. Another isolate from group D was resistant to both
penicillin and TMP-SMX. Of the three W-135 isolates, two
exhibited intermediate resistance to penicillin.

Discussion

This surveillance study highlights the significant mortality
and morbidity of bacterial meningitis in Egypt and offers
key information to assist national health authorities in
designing prevention and management strategies. It also
demonstrates the importance of strengthening laboratory
and surveillance capacities to provide a solid infrastructure
for monitoring trends of bacterial meningitis in the country,
characterizing antimicrobial resistance patterns, detecting
outbreaks, and monitoring the impact of prevention
strategies.

Our results revealed a relatively low rate of culture-
positive disease (8% by culture only, 11% by culture and
PCR), which may be due to multiple factors, including the
use of antibiotics before admission, a common problem in
Egypt and many other developing countries [19]. In
addition, our use of a broad clinical case definition in order
to increase the sensitivity of the surveillance allowed the
inclusion of many patients with suspected disease, viral
meningitis, or other syndromes such as febrile seizures.
Furthermore, the yield of CSF culture may have been
significantly impaired by some of the logistical difficulties
in rapidly processing CSF cultures. Interestingly, 185 of

Table 3 Risk factors for death in bacterial meningitis cases after stratification by prodromal period (<5 or ≥5 days)

Risk factor No. (%) p value

Fatal bacterial meningitis
cases (n=215)

Recovered bacterial meningitis
cases (n=628)

Relative risk 95%CI

Admission to hospitals in rural areas 103 (48) 241 (38) 1.3 1.1–1.5 <0.05
Previous hospitalization 82 (38) 178 (29) 1.3 1.01–1.6 <0.05
Tuberculous meningitis 63 (29) 71 (11) 2.1 1.6–2.7 <0.05
Clear CSF (<100 cells/mm3) 58 (27) 110 (17) 1.4 1.05–1.8 <0.05
Female 103 (48) 246 (39) 1.4 1.02–1.9 <0.05
Worker 12 (6) 12 (2) 3 1.3–6.6 <0.05
Married 71 (34) 113 (19) 1.7 1.3–2.1 <0.05
Antibiotic prior to admission 89 (41) 212 (34) 1.2 0.95–1.5 0.1

336 Eur J Clin Microbiol Infect Dis (2007) 26:331–340



843 (22%) culture-positive patients had a CSF cell count of
<100 leukocytes/mm3, likely reflecting the early stage of
clinical disease. However, as we found in our study, those
cases were associated with high mortality rates (26%),
similar to rates observed with high cell counts [20, 21],
stressing the importance of performing routine cultures
despite CSF appearance or consistency.

Our findings show that isolation rates of S. pneumoniae,
H. influenzae serotype b, and N. meningitidis were similar
to those found in neighboring countries, including the
United Arab Emirates [22], Kuwait [23], Libya [24], and
Israel [25]. However, results differed from findings in Saudi
Arabia [26] and Sudan [27], where N. meningitidis, rather
than H. influenzae type b, was the second most prevalent
pathogen, and in children in Jordan, where N. meningitidis
was the main cause of meningitis (33%) [28]. H. influenzae
serotype b is a fastidious organism and can be difficult to
isolate from CSF, especially if specimens are not processed
quickly and if adequate media and supplements are not
used (e.g. X and V growth factors) [29, 30]. Although S.
pneumoniae was the leading cause of bacterial meningitis
in this study, an earlier investigation [9] showed this
organism to be less predominant in Cairo (12%) between
1966 and 1989 compared to N. meningitidis (43%; data
adjusted in relation to culture results). This observation may
be attributed to the broader geographical representation of
hospitals recruited in this study, and may also reflect a real
change in the epidemiology of bacterial meningitis in

Egypt, reflecting the increased use of polysaccharide
meningococcal vaccines in some sectors [31].

When PCR and culture results were combined, the
detection rates of S. pneumoniae and H. influenzae serotype
b remained fairly unchanged, but those of N. meningitidis
increased (from 16 to 23%), and the organism became the
second most frequently identified pathogen, supporting a
more frequent presence in purulent CSF at culturally
undetectable concentrations, dead or live. The higher
number of meningococcal meningitis cases positive by
PCR could be explained by delays in processing or
culturing CSF specimens and reflects the fragility of N.
meningitidis. The reported high sensitivity and specificity
of PCR concurs with the previous findings of Corless et al.
[17], Tzanakaki et al. [32], and Gray et al. [33]. Usefulness
of PCR for the diagnosis of bacterial meningitis in the field
has been recently shown to be valuable in sub-Saharan
African countries, known to have frequent epidemics of
meningococcal meningitis and limited reliable laboratories
able to culture N. meningitidis, S. pneumoniae, and H.
influenzae serotype b [34, 35]. In addition, the technique
shows a potential to influence decisions regarding antimi-
crobial therapy [36].

The proportion of tuberculous meningitis cases in the
present study, along with the high corresponding CFRs, is
alarming and requires additional studies to better describe
the epidemiology of this infection and its risk factors. Our
M. tuberculosis isolation rates (16%) are relatively high,

Table 4 Antimicrobial susceptibility profiles of Streptococcus pneumoniae, Haemophilus influenzae type b, and Neisseria meningitidis isolated
from bacterial meningitis patients during sentinel surveillance, Egypt, 1998–2004

S. pneumoniae (n=206) H. influenzae b (n=119) N. meningitidis (n=68)

S I R S I R S I R

Penicillin G MIC breakpoint (μg/ml)a ≤0.06 0.12–1 ≥2 NA NA NA ≤0.06 0.12–0.25 ≥0.5
Percent isolates 52 46 3 43 55 1
Ampicillin breakpoint (μg/ml) NA NA NA ≤1 2 ≥4 <0.12 0.25–1 ≥2
Percent isolates 44 11 45 55 40 5
Chloramphenicol breakpoint (μg/ml) ≤4 NA ≥8 ≤2 4 ≥8 ND ND ND
Percent isolates 90 10 37 13 50
Ceftriaxone breakpoint (μg/ml) ≤0.5 1 ≥2 ≤2 NA NA ≤0.12 NA NA
Percent isolates 94 5 1 100 0 0 100 0 0
Tetracycline breakpoint (μg/ml) ≤2 4 ≥8 ≤2 4 ≥8 NA NA NA
Percent isolates 45 2 52 7 11 82
Erythromycin breakpoint (μg/ml) ≤0.25 .5 ≥1 NA NA NA NA NA NA
Percent isolates 86 2 11
TMP-SMX breakpoint ≤0.5/

9.5
1/19–2/
38

≥4/
76

≤0.5/
9.5

1/19–2/
38

≥4/
76

≤0.12/
2.3

0.25/4.75 ≥0.5/
9.5

Percent isolates 26 14 60 40 4 46 5 9 86

S susceptible, I intermediate, R resistant, NA not applicable, ND not done, TMP/SMX trimethoprim-sulfamethoxazole
a Breakpoints were based on the 2005 Clinical and Laboratory Standards Institute guidelines
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possibly due to the presence of predisposing socioeconomic
or immunocompromising factors in the affected communi-
ties [9, 37]. However, most tuberculous meningitis cases
were identified at four major infectious disease hospitals in
Cairo, Assuit, Alexandria, and Menofia, signifying more
vigilant case management and heavy referral of refractory
cases to these hospitals.

The classic meningitis symptoms were seen in variable
proportions of patients, demonstrating the limited value of
clinical criteria in disease diagnosis unless combined with
confirmatory laboratory investigations. While this study
was not designed to fully evaluate complications or
predictors of mortality, longer prodromal period and rural
residence were found to be associated with poor outcomes
(p=0.05). Male gender, being married, and being employed
were probably indirect markers of older age and of delay in
seeking diagnosis. Likewise, receiving antibiotics prior to
admission was associated with higher mortality rates (p=
0.05), possibly due to delayed presentation or delayed
diagnosis. These factors may also explain the increased
mortality among patients reporting previous admission to
hospitals for the same disease and among those showing
clear CSF (<100 cells/mm3). Clear CSF has been attributed
to previous partial treatment, sepsis, systemic complica-
tions, or a blunted response to infection [20, 21]. These
findings are in agreement with previous reports [38–40]
and can guide public health officials to take appropriate
measures for improving the outcome of meningitis by
increasing population awareness as to the seriousness of
this disease and the importance of having rapid access to
healthcare facilities.

Our data suggest a valuable role for the current
conjugate H. influenzae serotype b vaccine in the control
of meningitis in children. H. influenzae serotype b was
detected in 48% of CSF collected from children under
5 years of age. Though available in the private market, the
vaccine is not routinely used in Egypt but is currently being
considered for introduction in routine immunization sched-
ules by the Egyptian Ministry of Health and Population. In
recent years, the epidemiology of H. influenzae serotype b
meningitis in developed and developing countries has
witnessed major shifts, with a dramatic decrease in the
incidence of H. influenzae serotype b disease in young
children after the introduction of H. influenzae serotype b
vaccine [40–42].

The majority of N. meningitidis isolates in the present
study belonged to serogroup B (51%). This may be
explained by the fact that polysaccharide meningococcal
vaccines against serogroups A and C have been used in
Egypt since 1992 [31] as part of vaccination programs for
schoolchildren and other government sectors. A few
isolates of the epidemic N. meningitidis group W-135
(4%) were also recovered from discrete locations in Egypt

during 1999–2000. The patients may have been exposed to
concurrent epidemics due to circulation of this strain in
Africa or Saudi Arabia during the Hajj [6].

The majority of S. pneumoniae isolates recovered from
meningitis patients in Egypt (43% of total purulent speci-
mens identified by culture and PCR) comprised serotypes
6B, 1, 19A, 23F, and 6A [16]. This distribution is different
from that found in the USA [43], Europe [44], and
neighboring countries such as Israel [25, 45] and Saudi
Arabia [46]. None of the available S. pneumoniae vaccines
is used in Egypt, since only 29 and 42% of the local
serotypes are represented in the current 7- and 11-valent
conjugate vaccines, respectively [47]. Details of S. pneumo-
niae serotype distribution and temporal changes in Egypt
have been reported earlier [16]. Our data suggest a need to
collect additional information on serotype distribution for
other forms of invasive pneumococcal disease and to
consider more representative serotypes in the pneumococ-
cal vaccines under development.

Until recently, antibiotic resistance profiles of N.
meningitidis isolates were not routinely evaluated at all
laboratories due to the lack of standard criteria for the
interpretation of antibiotic sensitivity data for this pathogen.
In accordance with the latest CLSI standard criteria guide-
lines [14], our results show that the majority of N.
meningitidis isolates were highly resistant to TMP-SMX
(86%) and that more than 40% were intermediately
resistant to ampicillin or penicillin (with or without TMP-
SMX). This is an early report of these resistance profile
findings from Egypt and the Middle East region. Similar
resistance data for penicillin have been observed in
different European countries [48].

Similarly, almost half of the H. influenzae serotype b
isolates were resistant to ampicillin, and S. pneumoniae
isolates showed intermediate resistance to penicillin, in
agreement with reports from many parts of the world [49–
51]. The Egyptian isolates showed a higher resistance to
erythromycin than those from Saudi Arabia (11 vs. 4%). In
comparison with isolates from the USA [43], resistance
profiles of Egyptian isolates for tetracycline and TMP-SMX
were two to three times higher, but resistance to erythro-
mycin and chloramphenicol was in the same range [13].
Rates of multidrug resistance in S. pneumoniae serotypes
were higher among isolates from Egypt than among those
from the USA [43]. In Egypt, the most common antibiotics
currently used for the empirical treatment of bacterial
meningitis still include ampicillin and penicillin. Because
antibiotics are available over the counter in Egypt, this may
have resulted in the observed higher resistance to common-
ly used antibiotics. Our findings suggest that physicians
should consider third-generation cephalosporins for the
empiric treatment of this infection in Egypt. If adequate
microbiologic capacity is available, the antibiotic therapy
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can be changed once the organism is identified and its
antimicrobial susceptibility pattern is determined.

This study demonstrates the high morbidity and mortal-
ity of bacterial meningitis in Egypt. Temporal changes in
the distribution of S. pneumoniae and N. meningitidis
serotypes have been observed, highlighting the need to
conduct ongoing surveillance and to maintain laboratory
capacity. The data is crucial for clinicians to recommend
proper treatment as well as for the public health community
to design preventive measures and to introduce appropriate
meningitis vaccines and monitor their efficacy. Currently,
the Ministry of Health and Population in Egypt recom-
mends empiric treatment with penicillin and chloramphen-
icol for patients with meningitis. On the basis of the
antimicrobial resistance data and the high morbidity and
mortality observed in this study, we recommend that the
Ministry of Health and Population in Egypt revise the
national treatment guidelines for bacterial meningitis to
include first-line therapy with ceftriaxone. Providers should
be made aware of the importance of M. tuberculosis as a
common cause of meningitis, particularly among older
children and adults. Moreover, providers are encouraged to
use laboratory-based surveillance as a key tool in the
clinical management of disease. Studies are ongoing to
evaluate other etiologies of meningitis known to occur in
Egypt, such as viruses and leptospirosis.
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