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ABSTRACT

Over a 4-year study period from 2015 to 2018, altogether 183 isolates of bacterial meningitis were
collected from 12 hospitals covering the entire Moroccan territory. Neisseria meningitidis represented
58.5%, Streptococcus pneumoniae 35.5%, and Haemophilus influenzae type b 6%. H. influenzae type b
mainly affected 5-year-olds and unvaccinated adults. N. meningitidis serogroup B represented 90.7%
followed by serogroup W135 with 6.5%. Decreased susceptibility to penicillin G (DSPG) for all isolates
accounted for 15.7%, with 11.6% being resistant to penicillin G (PG) and 4.1% decreased susceptibility.
Cumulative results of all strains showed 2.7% decreased susceptibility to amoxicillin and 3.3% resistant,
2.2% of isolates were resistant to third-generation cephalosporin and 2.2% were decreased susceptible,
5.5% were resistant to chloramphenicol and 2.7% were resistant to rifampin. The frequency of DSPG
observed in our study is more common in S. pneumoniae than in N. meningitidis (P < 0.05). These
isolates have been found to be highly susceptible to antibiotics used for treatment and prophylaxis
chemotherapy and the observed resistance remains rare. The impact of introduction of conjugate
vaccines against H. influenzae type b and S. pneumoniae (PCVs) is an advantage in reducing meningitis
cases due to these two species.
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INTRODUCTION

The most common causes of bacterial meningitis are Neisseria meningitidis, Streptococcus
pneumoniae, and Haemophilus influenzae type b, and these are responsible for 75,000,
118,400, and 83,000 deaths worldwide, respectively and lead to severe neurological morbidity,
despite advances in antimicrobial therapy [1]. In sub-Saharan Africa, the so-called “meningitis
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belt” N. meningitidis, S. pneumoniae, and H. influenzae type
b are the most common bacteria [2]. In Morocco, the cu-
mulative incidence of meningitis is 2.9 per 100,000 popula-
tion and 2/3 of all meningitis cases were considered
meningococcal [3]. However, it is also important to diagnose
and begin treatment as soon as possible to avoid any adverse
consequences. The treatment of choice is the administration
of amoxicillin and/or third generation cephalosporin as an
empirical treatment regimen for all patients with bacterial
meningitis [4]. In Morocco, the management of cases of
syndromic bacterial meningitis is based on empirical anti-
biotic therapy which usually includes a third generation
cephalosporin (C3G), which remains a reference treatment
and this treatment must be started in front of any cerebro-
spinal fluid (CSF) purulent [5]. This empirical antibiotic
therapy is given urgently even before the identification stage
of the three isolates (N. meningitidis, S. pneumoniae, and H.
influenzae type b) and not yet known their susceptibility to
first-line antibiotics. A reflection on bacteriological profile
and the current situation of antibiotic resistance of three
bacterial pathogens responsible for syndromic bacterial
meningitis in our national context is necessary. The objective
of this study is therefore to study the phenotypic profile and
to determine the antimicrobial susceptibility of the three
bacteria (N. meningitidis, S. pneumoniae, and H. influenzae
type b) responsible for meningitis in Morocco. The treatment
and chemoprophylaxis as well as the target vaccine will be
highlighted in this study.

MATERIALS AND METHODS

Statement of ethics

Isolates from this study were collected as part of the national
meningitis surveillance system in Morocco. The laboratory
of medical bacteriology at the National Institute of Hygiene
is the national laboratory of meningitis. All patient identity
information was treated confidentially.

Data

The data was entered using Excel software and the statistical
calculations were performed using SPSS (Statistical Package
for Social Sciences version 13.0, SPSS Inc., Chicago, IL, USA).
The quantitative variables were expressed in median and
quartiles. The qualitative variables were expressed in terms of
number and percentage. The comparison of the qualitative
variables was made by the x2 test and the exact Fisher test. A
P-value < 0.05was considered as statistically significant.

Design of the study

It is a case study of bacterial isolates analyzed at the level of
laboratory of medical bacteriology at the National Institute
of Hygiene in Morocco. These isolates were collected over a
4-year period from 2015 to 2018 from 12 hospitals covering
the entire territory of the Kingdom. For this reason, 183
isolates were collected, including 107 N. meningitidis, 65 S.

pneumoniae, and 11 H. influenzae type b from the CSFs of
culture-confirmed bacterial meningitis. Only one isolate per
patient was included.

Microbiological identification

Samples of CSF sent to laboratories were treated according
to the usual methods including: chemistry and microscopic
examination. The bacterial culture was performed on poly-
vitaminated chocolate agar and Columbia agar added with
5% defibrinated horse blood (Oxoid). The agar was incu-
bated in jars containing 5% CO2 in an oven at 37 8C for a
maximum of 18–72 h. Biochemical identification of these
isolates was done by the API-NH and API Strep (Bio-
merieux), oxidase test (Oxoid), optochine test (Oxoid), and
cefinase test (Oxoid).

Serogroup and agglutination tests

Soluble antigens were tested on the CSF supernatant by latex
agglutination for S. pneumoniae, H. influenzae type b, N.
meningitidis serogroup A, B, C, Y, W135, Escherichia coli K1,
and Group B Streptococcus (Oxoid, Wellcogen, Remel
Europe Ltd., UK). Confirmation of S. pneumoniae and H.
influenzae type b was done by the same kit from positive
cultures. Subsequently and from the cultures, N. meningitidis
isolates were serogrouped by agglutination test on the blade
with serogroup A, B, C, 29E, Y, and W135 antisera (Oxoid).
Both procedures were performed in accordance with the
manufacturer’s instructions.

Antibiotic susceptibility

The antibiotic susceptibility test was performed by the agar
diffusion method using a standard dilution suspension of 0.5
McFarland, antibiotic discs, and MIC on Mueller–Hinton
agar supplemented with 5% defibrinated horse blood
(Oxoid), culture was performed under aerobic condition
with increased CO2 pressure. Antibiotic susceptibility testing
and interpretation of results were done according to
EUCAST (2019). Quality control of all antibiotics tested was
examined using Staphylococcus aureus (ATCC 25923) and E.
coli (ATCC 25922) as control strains.

The antibiotics included in this study for the three
isolates are: (1) S. pneumoniae: Discs: oxacillin (1 mg),
trimethoprim-sulfamethoxazole or cotrimoxazole (1.25–
23.75 mg), chloramphenicol (30 mg), norfloxacin (10 mg),
levofloxacin (5 mg), rifampin (5 mg), tetracycline (30 mg),
erythromycin (15 mg) (Oxoid). MIC: penicillin G, amoxi-
cillin, cefotaxime, ceftriaxone, vancomycin (Liofilchem). (2)
N. meningitidis: Discs: chloramphenicol (30 mg), rifampin (5
mg) (Oxoid). MIC: penicillin G, amoxicillin, cefotaxime,
ceftriaxone, ciprofloxacin (Liofilchem). (3) H. influenzae
type b: Discs: Penicillin G (1 unit), trimethoprim-sulfa-
methoxazole (1.25–23.75 mg), chloramphenicol (30 mg),
rifampin (5 mg), tetracycline (30 mg), erythromycin (15 mg),
ciprofloxacin (5 mg), levofloxacin (5 mg). MIC: amoxicillin,
ampicillin, cefotaxime, ceftriaxone, ciprofloxacin (Lio-
filchem).
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RESULTS

Characteristics of the isolates (Table 1)

Of the 183 isolates collected, N. meningitidis represented
58.4% including 53% (97/107) of N. meningitidis serogroup B
(N.meningitidis B), 3.8% (7/107) of N. meningitidis serogroup
W135 (N.meningitidis W135), and 1.6% (3/107) of non-
serogrouped N. meningitidis (N. meningitidis NG). S. pneu-
moniae and H. influenzae type b represented respectively
35.5% (65/183) and 6% (11/183). Regarding sex, 60.7% were
male and 39.3% were female (Sex Ratio: 1.55). The median
age of the sample studied was 3.9 [1.8; 17] years, ranging
from 3 days to 65 years. In infant’s ˂2 years of age, N.
meningitidis represented 68% of meningitis cases followed
by 28% of S. pneumoniae. In the children of [2; 5] years, N.
meningitidis represented 64.9%, followed by S. pneumoniae
with 27%. In older children [6; 15] years old, N. meningitidis
represented 75% and S. pneumoniae was 16.7%. In adults
[16; 25] years old, N. meningitidis represented 55.6% and S.
pneumoniae was 33.3%. In older adults [26; 49] years old,
the N. meningitidis represented 58.4% and S. pneumoniae
was at 41.7%. Beyond the age of 50, N. meningitidis was
14.3% while pneumoniae was 85.7%. However, at age ≤5
years, we have 66.7% (4/7) of H. influenzae type b included
in the study who reached this age.

Antimicrobial resistance of isolates to antibiotics
(Tables 2 and 3)

For all isolates tested of N. meningitidis, S. pneumoniae, and
H. influenzae type b; the decreased susceptibility to penicillin
G (DSPG) represented 15.7% (27/183), with 11.6% (20/183)
which were resistant to penicillin G (PG) and 4.1% (7/183)
intermediate. Amoxicillin represents 2.7% (5/183) which
were intermediate and 3.3% (6/183) resistant. 2.2% (2/183)
of isolates were resistant to cefotaxime and ceftriaxone and
2.2% (2/183) were intermediate. 5.5% (10/183) were resis-
tant to chloramphenicol and 2.7% (5/183) were resistant to
rifampin. The frequency of DSPG observed in our study was

more common in S. pneumoniae than N. meningitidis (P <
0.05). Of the 107 strains of N. meningitidis, 9.3% (10/107)
were DSPG of which 2.8% (3/107) were resistant, 5.6% (6/
107) were reduced susceptibility to amoxicillin with a strain
that was resistant 0.9% (1/107), one strain was resistant to
ceftriaxone and cefotaxime 0.9% (1/107), 3.7% (4/107)
strains were resistant to chloramphenicol and 1.9% (2/107)
resistant to rifampin. All strains are susceptible to cipro-
floxacin and no strains produced beta-lactamase. The level
of DSPG and amoxicillin resistance in N. meningitidis B and
N. meningitidis W135 were respectively 7.5% (8/107) vs.
1.8% (2/107) and 3.7% (4/107) vs. 1.9% (2/107). While
resistance to ceftriaxone, cefotaxime, rifampin, and chlor-
amphenicol was only recorded in N. meningitidis B. In our
sample, resistance to amoxicillin was more common in N.
meningitidis B than N. meningitidis W135 (P < 0.05). All
strains of N. meningitidis with DSPG have MIC of 0.064 mg/
mL at 0.25 mg/mL and the resistant have MIC of 0.38 mg/mL
at 1 mg/mL. MIC amoxicillin in intermediate isolates range
from 0.19 mg/mL to 0.75 mg/mL and the only resistant isolate
was a MIC of 1 mg/mL. The MIC of ceftriaxone and cefo-
taxime for the resistant strain was 0.25 mg/mL.

Of the 65 strains of S. pneumoniae, 26.2% (17/65) were of
DSPG and 7.7% (5/65) were resistant to amoxicillin, 4.6%
(3/65) were of reduced susceptibility to ceftriaxone and
cefotaxime with 3.1% (2/65) were intermediate and one
strain 1.5% (1/65) was resistant, 9.2% (6/65) strains were
resistant to chloramphenicol and 3.1% (2/65) were resistant
to rifampin. Cotrimoxazole recorded 30% (18/65) of reduced
susceptibility of which 20% (12/65) were resistant and 10%
(8/65) were intermediate. Levofloxacin and erythromycin
represented 2.7% (2/65) and 12.7% (8/65) of resistance,
respectively. Tetracycline represented 15% (9/65) of resis-
tance and 5% (3/65) of intermediate resistance. All strains
are susceptible to vancomycin. Strains of S. pneumoniae that
were resistant to PG have MIC between 0.125 mg/mL and 2
mg/mL. The MIC of resistant amoxicillin was 0.75–1 mg/mL.
The intermediate MIC of cefotaxime and ceftriaxone was
0.75 mg/mL at 1 mg/mL, and that of the resistant strain was
2 mg/mL.

Table 1. Characteristics of the population of isolates studied

Characteristics (Effective)*
H. influenzae

type b

N. meningitidis

S. pneumoniae P valueN. meningitidis NG N. meningitidis B N. meningitidis W135

Isolates* 100(183) 6.0(11) 1.6(3) 53.0(97) 3.8(7) 35.5(65) –
Sex* 100(163)
Women 39.3(64) 4.7(3) 0.0(0) 60.9(39) 1.6(1) 32.8(21) 0.450
Man 60.7(99) 6.1(6) 3.0(3) 49.5(49) 3.0(3) 38.4(38)
Age * in year 100(102)
<2 24.5(25) 4.0(1) 8.0(2) 56.0(14) 4.0(1) 28.0(7) 0.278
[2,5] 36.3(37) 8.1(3) 2.7(1) 56.8(21) 5.4(2) 27.0(10)
[6, 15] 11.8(12) 8.3(1) 0.0(0) 75.0(9) 0.0(0) 16.7(2)
[16, 25] 8.8(9) 11.1(1) 0.0(0) 55.6(5) 0.0(0) 33.3(3)
[26, 49] 11.8(12) 0.0(0) 0.0(0) 41.7(5) 16.7(2) 41.7(5)
≥50 6.9(7) 0.0(0) 0.0(0) 0.0(0) 14.3(1) 85.7(6)

* Percentage % (expressed in effective). N. meningitidis: Neisseria meningitidis; S. pneumoniae: Streptococcus pneumoniae; H. influenzae type
b: Haemophilus influenzae type b.
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All H. influenzae type b strains in our study were sus-
ceptible to the majority of antibiotics except one strain that
was resistant to erythromycin, rifampin, and cotrimoxazole.
No strains produced beta-lactamase.

Co-resistance to PG and other antibiotics (Table 4)

Of the strains of S. pneumoniae DSPG: 8.3% were resistant
to cotrimoxazole, 3.1% were resistant to levofloxacin, 1.54%
were resistant to rifampin, 10% were resistant to tetracycline,

4.6% were resistant to cefotaxime and ceftriaxone, and 7.7%
were resistant to amoxicillin. This association of co-resis-
tance between PG, C3G, and amoxicillin in S. pneumoniae
was statistically significant (P < 0.05).

In strains of N. meningitidis DSPG: 1.9% chloramphen-
icol, 0.9% rifampin, 0.9% ceftriaxone, 0.9% cefotaxime, and
3.7% amoxicillin were resistant, respectively. This associa-
tion of co-resistance between PG, Beta-lactam antibiotics,
rifampin, and chloramphenicol in N. meningitidis was sta-
tistically significant (P < 0.05).

Table 2. Analysis of common antibiotics in NM, SP, and Hib isolates

ATB
* H. influenzae
type b (11)

*N. meningitidis
(107)

* S. pneumoniae
(65)a,b,c *Cumulative P value

Discs
Oxacillin S NT 94.4(101) 76.9(50) 87.8(151) 0.001

I NT – – –
R NT 5.6(6) 23.1(15) 12.2(21)

Penicillin G S NT 94.4(101) 76.9(50) 87.8(151) 0.001
I NT – – –
R NT 5.6(6) 23.1(15) 12.2(21)

aTrimethoprime-sulfamethoxazol S 90.9(10) NT 70.0(42) 73.2(52) 0.323
I 0(0) NT 10.0(6) 8.5(6)
R 9.1(1) NT 20.0(12) 18.3(13)

Chloramphenicol S 100(11) 96.3(103) 90.8(59) 94.5(173) 0.219
I – – –
R 0(0) 3.7(4) 9.2(6) 5.5(10)

bLevofloxacin S 100(11) NT 96.9(62) 97.3(73) 0.552
I – NT – –
R 0(0) NT 3.1(2) 2.7(2)

Rifampin S 90.9(10) 98.1(105) 96.9(63) 97.3(178) 0.367
I – – 0(0) 0(0)
R 9.1(1) 1.9(2) 3.1(2) 2.7(5)

aTetracycline S 100(11) NT 80.0(48) 83.1(59) 0.266
I 0(0) NT 5.0(3) 4.2(3)
R 0(0) NT 15.0(9) 12.7(9)

cErythromycin S 90.9(10) NT 87.3(55) 87.8(65) 0.736
I 0(0) NT 0(0) 0(0)
R 9.1(1) NT 12.7(8) 12.2(9)

MIC
Penicillin G S NT 90.7(97) 73.8(48) 84.3(145) 0.000

I NT 6.5(7) – 4.1(7)
R NT 2.8(3) 26.2(17) 11.6(20)

Cefotaxime S 100(11) 99.1(106) 95.4(62) 97.8(179) 0.412
I – – 3.1(2) 1.1(2)
R 0(0) 0.9(1) 1.5(1) 1.1(2)

Ceftriaxone S 100(11) 99.1(106) 95.4(62) 97.8(179) 0.412
I – – 3.1(2) 1.1(2)
R 0(0) 0.9(1) 1.5(1) 1.1(2)

Amoxicillin S 100(11) 94.4(101) 92.3(60) 94(172) 0.047
I – 4.7(5) – 2.7(5)
R 0(0) 0.9(1) 7.7(5) 3.3(6)

Ciprofloxacin S 100(11) 100(107) NT 100(118) –
I – – NT –
R 0(0) 0(0) NT 0(0)

Vancomycin S – – 100(65) 100(65) –
I – – – –
R – – 0 0(0)

*Percentage% (expressed in effective); a, b, c: the number tested [a(60), b(64), c(63)]; NT: Not Tested.

246 Acta Microbiologica et Immunologica Hungarica 67 (2020) 4, 243–251



DISCUSSION

This national study conducted in Morocco focuses on both
the epidemiological profile of the three bacteria responsible
for bacterial meningitis, which were N. meningitidis, S.
pneumoniae, and H. influenzae type b, and their resistance
profile. For this reason, we collected 183 isolates from
different regions and cities across the country from culture-
confirmed meningitis cases. Isolates are divided into 58.5%
(107/183) N. meningitidis, 35.5% (65/183) S. pneumoniae, and
6% (11/183)H. influenzae type b. The age group most affected
was that ≤5 years old, which represented 60.8%. This study
showed that in Moroccan children and adults, meningococcal
disease causes more meningitis followed by pneumococcal
disease. H. influenzae type b come last with very low rates and
mainly reaches children ≤5 years old and unvaccinated
adults. The man is more affected than the woman. The
technical difficulties associated with the high rates of negative
culture and the demanding transport conditions of these three
bacteria are technical problems limiting the collections of
these isolates. As a result, the rate of positive cultivation be-
tween regions of the country varies between 7 and 12%.

In the Maghreb countries of northern Africa, despite the
poverty of data, pneumococcus was the one that causes more

meningitis than meningococcal [6, 7]. In Europe and the
African meningitis belt, meningococcal disease and pneu-
mococcus were the two most dominant bacterial species in
children and adults [8, 9].

The most dominant N. meningitidis serogroup in our
study was N. meningitidis B followed by N. meningitidis W135.
Serogroup commonly detected in the African meningitis belt,
serogroup C, W, and X are those that cause epidemics [8]; In
Europe N. meningitidis B was responsible for most cases of
meningococcal meningitis [9, 10]; while in South Africa are N.
meningitidis W135, in Saudi Arabia were N. meningitidis A
and N. meningitidis W135 [11]. The bacteriological and
epidemiological profile of meningitis in Morocco was different
from neighboring countries, the African meningitis belt and
even countries with a tourist destination (Turkey) or spiritual
(Saudi Arabia) visited by Moroccan citizens. But this profile
was very similar to the profile found in Europe.

As presented by our results, there was a dramatic
regression in cases of meningitis due to H. influenzae type b.
This decrease in cases of H. influenzae type b meningitis in
children ≤5 years was the result of the introduction in 2007
into the national immunization program of the H. influen-
zae type b conjugate vaccine for children from the age of 2
months [12].

Table 3. Resistance Analysis in Neisseria meningitidis serogroup

ATB(107)
* N. meningitidis

NG 2.8(3)
* N. meningitidis B

90.7(97)
* N. meningitidis W135

6.5(7) *Cumulative P value

Discs
Oxacillin S 2.8(3) 86(92) 5.6(6) 94.4(101) 0.546

I – – – –
R 0(0) 4.7(5) 0.9(1) 5.6(6)

Penicillin G S 2.8(3) 86(92) 5.6(6) 94.4(101) 0.546
I – – – –
R 0(0) 4.7(5) 0.9(1) 5.6(6)

Chloramphenicol S 2.8(3) 86.9(93) 6.5(7) 96.3(103) 0.807
I – – – –
R 0(0) 3.7(4) 0(0) 3.7(4)

Rifampin S 2.8(3) 88.8(95) 6.5(7) 98.1(105) 0.900
I – – – –
R 0(0) 1.9(2) 0(0) 1.9(2)

MIC
Penicillin G S 2.8(3) 83.2(89) 4.7(5) 90.7(97) 0.314

I 0(0) 5.6(6) 0.9(1) 6.5(7)
R 0(0) 1.9(2) 0.9(1) 2.8(3)

Cefotaxime S 2.8(3) 89.7(96) 6.5(7) 99.1(106) 0.949
I – – – –
R 0(0) 0.9(1) 0(0) 0.9(1)

Ceftriaxone S 2.8(3) 89.7(96) 6.5(7) 99.1(106) 0.949
I – – – –
R 0(0) 0.9(1) 0(0) 0.9(1)

Amoxicillin S 2.8(3) 86.9(93) 4.7(5) 94.4(101) 0.045
I 0(0) 2.8(3) 1.9(2) 4.7(5)
R 0(0) 0.9(1) 0(0) 0.9(1)

Ciprofloxacin S 2.8(3) 90.7(97) 6.5(7) 100(107) –
I – – – –
R 0(0) 0(0) 0(0) 0(0)

* Percentage % (expressed in effective); S: Sensitive, I: Intermediate, R: Resistant.
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In Morocco, the pneumococcal PCV-13 vaccine was
introduced into the national immunization program in
October 2010 and subsequently replaced by PCV-10.
Despite the lack of serotyping of the S. pneumoniae
included in this study, there was a decrease and stability in
the rate of pneumococcal meningitis disease during the
periods studied after the introduction of the anti-pneu-
mococcal vaccine in the immunization schedule. In a local
study in Casablanca that covered the period before and
after the implantation of PCV-10 and PCV-13, the inci-
dence rate of invasive pneumococcal infections associated
with vaccine serotypes decreased after the vaccine was
introduced in children less than 2 years of age [13]. Impact
of replacing PCV-13 vaccine with PCV-10 was not influ-
encing and both contribute to the reduction of invasive
infections in children fewer than 5 years of age, when they
were implanted in national immunization programs of
countries [12, 14, 15].

Currently, two vaccines are developed and available for
active immunization against the N. meningitidis B serogroup
[16, 17], but in Morocco the meningococcal B vaccine wasn’t
used yet and if this serogroup is identified, prevention will be
limited to chemoprophylaxis. However, vaccination with

tetravalent vaccine ACYW135 became mandatory for all
Hajjis and visitors to Mecca.

United Kingdom (UK) was the first country to introduce
N. meningitidis B vaccine in 2015 for the ages of 2, 4, and 12
months, the impact of the introduction of N. meningitidis B
vaccine in the UK infant vaccination program reduced the
incidence of meningitis due to NMB [18].

Amoxicillin-resistant strains of N. meningitidis in this
study were 5.6%. Whereas in previous studies at the local
researches, no strains were found to be resistant to amoxi-
cillin, while the N. meningitidis DSPG level is 9.3% in this
study, which has changed over time in relation to these re-
searches [19, 20]. Thus, the resistance reported here
remained less severe than those reported elsewhere [18, 20].
In our study, we recorded resistance to cefotaxime, ceftri-
axone, and rifampin, this information remained to our
knowledge the first resistance declared for N. meningitidis in
Morocco and the North African Maghreb countries [21, 22].
Resistance to chloramphenicol was similar to the rate in
Tunisia [22]. And moreover resistance of rifampin was
declared in a coutry of Latin America (Brazil) [23], while in
the African meningitis belt the reported results are below
ours [24]. The phenotypic profile of N. meningitidis DSPG

Table 4. Co-resistance of common antibiotics relative to sensitivity and resistance of PG in Neisseria meningitidis and Streptococcus
pneumoniae

N. meningitidis (107)

P value

S. pneumoniae (65)a, b, c

P valuePG

Resistant** Sensible* Resistant** Sensible*

(R þ I) R 2.8(3)
90.7 (97)

(R þ I) R 26.2(17)
48 (73.85)9.4(10) I 6.5(7) 26.2(17) I 0(0)

Discs**
SXTa – – – – ––– 8.3(5) 5(3) 22(13) 15(9) 0.881

– – 3.3(2) 7(4)
CHL 1.9(2) 1.9(2) 1.9(2) 1.9(2) 0.006 0(0) 0(0) 9.2(6) 9.2(6) 0.149

0(0) 0(0) 0(0) 0(0)
LEVb – – – – ––– 3.1(2) 3.1(2) 0(0) 0(0) 0.067

– – 0(0) 0(0)
RIF 0.9(1) 0.9(1) 0.9(1) 0.9(1) 0.020 1.5(1) 1.5(1) 1.5(1) 1.5(1) 0.458

0(0) 0(0) 0(0) 0(0)
TETa – – – – ––– 10(6) 8.3(5) 10(6) 6.7(4) 0.037

– – 1.7(1) 3.3(2)
ERYc – – – – ––– 4.8(3) 4.8(3) 7.9(5) 7.9(5) 0.326

– – 0(0) 0(0)
MIC**
CTX 0.9(1) 0.9(1) 0(0) 0(0) 0.000 4.6(3) 1.5(1) 0(0) 0(0) 0.012

0(0) 0(0) 3.1(2) 0(0)
CRO 0.9(1) 0.9(1) 0(0) 0(0) 0.000 4.6(3) 1.5(1) 0(0) 0(0) 0.012

0(0) 0(0) 3.1(2) 0(0)
AMX 3.7(4) 0.9(1) 1.9(2) 0(0) 0.000 7.7(5) 7.7(5) 0(0) 0(0) 0.001

2.8(3) 1.9(2) 0(0) 0(0)
CIP 0(0) 0(0) 0(0) 0(0) ––– – – – – –––

0(0) 0(0) – –

*Expressed as percentage %(expressed in effective); ** RþI(%): R(%)/I(%); PG: Penicillin G, SXT: Trimethoprim-sulfamethoxazole; CHL:
Chloramphenicol; LEV: Levofloxacine; RIF: Rifampin; TET: Tetracycline; ERY: Erythromycin; CTX: Cefotaxime; CRO: Ceftriaxone; AMX:
Amoxicillin; CIP: Ciprofloxacin; MIC: Minimum inhibitory concentration.
a60 isolates tested for S. pneumoniae.
b64 isolates tested for S. pneumoniae.
c63 isolates tested for S. pneumoniae.
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or PG-resistant is associated with mutations in the penA
gene responsible for this reduced susceptibility to PG [25].
Therefore, one study has shown that increased resistance to
C3G was observed in strains of decreased susceptibility to
penicillin hosting a new modified penA gene allele
“penA327”. These strains containing “penA327” allele
belonged to the CC11 clonal complex and belonged to
serogroup B and C [26]. In our study, N. meningitidis DSPG
isolates were associated with co-resistance with chloram-
phenicol and rifampin (P < 0.05) and resistance to third-
generation cephalosporin – C3G – (cefotaxime and ceftri-
axone) and amoxicillin (P < 0.001).

Strains of S. pneumoniae DSPG in our study recorded a
rate of 26.2%. This rate was lower than that reported in a
local study and other countries, which were conducted
prior to the introduction of PCV vaccine [6, 21, 27]. Iso-
lates resistant to amoxicillin were 7.7%, while C3G was
4.6% reduced susceptibility in our study and one strain
1.5% (1/65) was resistant. These rates appeared a littley
more than for amoxicillin and less than for C3G those
reported in a other Moroccan study [27] and less than
those reported elsewhere for both antibiotics [6, 21]. With
the exception of cotrimoxazole (SXT), the observed resis-
tance to chloramphenicol 9.2% and erythromycin 12.7%
were more or less equivocal to those of the Moroccan study
[27]. The resistance to levofloxacin presented here was
already described in a study in Morocco that reported a
rate of resistance of 1.2% [28]. However, the resistance to
rifampin was 3.1%; this resistance remained to our
knowledge the only rate so far reported in the Kingdom of
Morocco and in the north of Africa. The results of our
study noted a co-resistance between PG and beta-lactam
antibiotics in S. pneumoniae, this association was statisti-
cally significant (P < 0.05).

The proportions of resistance reported in this study for S.
pneumoniae appear generally to be less moderate and stable
than the proportions exposed here later in Morocco or else-
where. This finding would be the result of the introduction of
the pneumococcal vaccine PCVs into the national immuni-
zation program in 2010, as it was an additional benefit for
reducing antibiotic resistance of S. pneumoniae [29].

Except one strain that was resistant to erythromycin,
rifampin, and cotrimoxazole, the high susceptibility to anti-
biotics and the rarity of H. influenzae type b strains observed
here was the result of the introduction of anti-H. influenzae
type b vaccine into the national vaccination program [12].

For the treatment of syndromic bacterial meningitis, the
national meningitis program recommended the use of
cephalosporin as much as empirical treatment for the
management of cases of confirmed bacterial meningitis and
for probable bacterial meningitis [5]. In this study, the re-
sults of antibiotic susceptibility obtained for all isolates to
cefotaxime, ceftriaxone, and vancomycin are very high;
despite the C3G resistance observed in this study, which
remained very rare. In addition, our study recommended the
continued use of this empirical treatment for children, ad-
olescents, and adults in the national meningitis program
with surveillance of the development of resistance.

Chemoprophylaxis in Morocco was based on taking
Rifampin 200 mg twice in two days for the eradication of N.
meningitidis oropharyngeal carried for contacts cases [5].
Oropharyngeal portage of N. meningitidis varies by age and
geographic area, it must be monitored laboratory-based to
map the distribution of serogroup of N. meningitidis and
determine the current potential need for vaccination [30, 31].

The resistance to rifampin observed in this study for the
three isolates may have evolved as a result of the use of this
prophylaxis for contact cases of N. meningitidis [32] and/or
could be due to the use of rifampin in the treatment of
tuberculosis patients in Morocco which remained a public
health problem in the Kingdom [33]. Phenotypic studies and
genotypic studies are useful for monitoring serogroup dis-
tribution and also assist national vaccination programs in
the choice of vaccine to introduce [34].

All this would result in a review of the prophylactic vision
in the contacts either by an adequate vaccine intervention
or moderation in chemoprophylaxis with monitoring of
developments of meningitis disease in these patients.

CONCLUSION

In conclusion, syndromic bacterial meningitis of N. menin-
gitidis, S. pneumoniae, and H. influenzae type b isolates in
Morocco appeared to have a high susceptibility to antibiotics
used for empirical treatment and chemoprophylaxis despite
the appearance of some resistance to amoxicillin, rifampin,
and cephalosporin which remained very low and very rare.
The anti-H. influenzae type b and PCVs vaccination intro-
duced into the national immunization program reflected
good efficacy. For the N. meningitidis vaccine, this needs to
be revised and adapted to the current situation. In the end,
monitoring the evolution of antibiotic resistance in these
three isolates and monitoring the effectiveness of long-term
vaccines are necessary for disease control and for the ade-
quacy of treatment and prophylaxis over time.
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