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Abstract: A study was conducted from June 2012 to May 2013 at the National Clinical Biology and Public
Health Laboratory (NCBPHL) in Bangui, Central Africa Republic (CAR), on cerebrospinal fluid (CSF) coming
from town's hospitals. This study aims to assess the prevalence of Streptococcus pneumoniae strains of and their
profile of resistance to antibiotics in CSF.

The CSF was collected from patients admitted to the Bangui town's hospitals and suspected of meningitis
according to WHO definition of sentinel surveillance protocol (SMR Guide, 2011). On the Basis of number of
white blood cells greater than or equal to 5 mL, the CSF was analyzed in the laboratory of the hospital for
preliminary tests (cytology, latex agglutination test (LAT) and Gram). An aliquot was transferred into trans-
isolate communities and sent to NCBPHL for confirmation tests by rtPCR, LAT and culture. Susceptibility test
was done on strains isolated as recommended by the Antibiogram the Committee of the French Society of
Microbiology (CASFM).

Microscopic examination after Gram staining performed on 79 samples allowed us to note the presence of
germs in 47 samples (25.54%). The bacterial culture has led to the isolation and identification of bacteria in 40
specimens (21.74%). Latex agglutination test was positive for 60 samples (33.33%). The rtPCR performed on
the same samples allowed us to register 79 positive samples with a confirmation rate of 42.93%. The report of
the biology technique and conventional bacteriology has achieved a score of 50.63%. The results of the
antibiogram carried out on S. pneumoniae strains revealed a sensitivity rate of 92.2% to ceftriaxone, 85% to
Amoxicillin+clavunique acid, ciprofloxacin and gentamicin. On the contrary, S. pneumoniae strains showed a
resistance against Oxacillin (30%) and penicillin (35%).

S. pneumoniae is an important cause of invasive disease, especially in children and the elderly. However, the
emergence of antibiotic resistant genotypes emphasizes the importance of regulated use of these molecules in
order to prevent their evolution.
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1. INTRODUCTION

Streptococcus pneumoniae continues to be a major etiological agent through the world, causing many
diseases including otitis, sinusitis, pneumonia, sepsis and meningitis [1]. S. pneumoniae meningitis is
an invasive disease striking especially children, elderly and immuno compromised patients. WHO
estimates that about 800 000 children die every year of pneumococcal disease, 90% occur in
developing countries [2].

In Sub-Saharan Africa, S. pneumoniae meningitis is responsible for 250,000 to 400,000 child deaths
per year [3-5]. The borders of the bacterial culture for identification of S. pneumoniae and serological
tests for the detection of antibodies and antigens lack of sensitivity and specificity. They pose a real
problem in diagnosis of bacterial meningitis for adequate care [6, 7].
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This germ presents additional opportunities for identification in certain infections, especially in non-
sterile samples from the sampling sites. The identification of S. pneumoniae was conventionally based
on the bile solubility, optochin sensitivity, AccuProbe and Gen Probe pneumococcal identification
test. It has also been reported in the literature that isolation of Probe-LVS from clinical samples may
give positive or variable reactions in achieving these standards diagnostic tests for the detection of this
germ [8, 9]. Therefore, special attention should be taken to monitor and identify the germ in the
clinical field.

Previous studies showed that hybridization of the two strands of DNA-DNA by real-time polymerase
chain reaction (rtPCR) technique on the basis of autolysin A (lytA), pneumococcal adherence to
surface (PAS), and gene sequences can reliably distinguish S. pneumoniae and S. pseudopneumoniae
[10]. The autolysin A sequences of S. pneumoniae and S. pseudopneumoniae were carefully analyzed
and specific pneumococcal alleles were identified according to Llull et al. [11] the work. To confirm
S. pneumoniae species in the different isolates, they have developed a standard based on these
sequences technique, followed by an enzymatic digestion step. Thus, researchers are exploring the use
of techniques based on most recent nucleic acid such as rtPCR to improve the diagnosis of
pneumococcal disease.

The advantages of rtPCR amongst different techniques of conventional bacteriology were the short
duration (one day) of germs identification in the samples, a treatment based on a specific germ, the
detection of bacterial DNA of patients under antibiotic treatment. This new technology rtPCR showed
high sensitivity in the field of the detection of some viruses of respiratory diseases [12, 13]. Real time
PCR assays for S. pneumoniae have been reported in the literature [14, 15].

In Central African Republic, the identification of germs in the diagnosis of bacterial meningitis is very
little documented. It is in this point of view that this technique was introduced in the country, as part
of a WHO technical support in Central Africa in the domain of surveillance of invasive bacterial
meningitis. The techniques are based on the amplification of the Iyt A gene located in DNA of S.
pneumoniae with a high sensitivity [16, 17]. It is in this context that this study was conducted in
NCBPHL of Bangui (CAR) to assess the prevalence of S. pneumoniae strains and their antibiotic
resistance profiles in CSF.

2. MATERIALS AND METHODS
2.1.Collection Samples of Cerebrospinal Fluid (CSF)

From June 2012 to May 2013, NCBPHL received CSF samples, coming from three universities
hospitals (Amitié, Communautaire, and Complexe pédiatrique de Bangui) of Bangui in CAR. Patients
exhibiting fevers, vomiting, headache, stiff neck or any other symptoms were diagnosed clinically and
defined as suspected cases of meningitis [18]. The CSF has systematically collected and analyzed by
the hospital laboratory. On Basis of the number of white cells/mL greater or equal to 5, an aliquot was
transferred to the Trans-Isolate medium and sent to NCBPHL of Bangui. Thus, 184 CSF samples
were received for confirmation tests.

2.2.Diagnosis of Cerebrospinal Fluid

Cytology, Gram stain and the LAT (tests using Biorad Pastorex kit) were carried out in the
laboratories of different sampling sites. The culture and rtPCR confirmation tests were carried out in
NCBPHL of Bangui. The preferred confirmatory diagnosis is based on the cultivation of isolating
germs on Polyvitex chocolate agar media in fresh blood and blood cooked for the identification of the
etiologic agent. Each strain of S. pneumoniae isolated in NCBPHL, susceptibility testing was
performed according to the recommendations of the French Society of Microbiology [19]. Indeed,
seven antibiotics (BioRad, Marnes la coquette, France) belonging to four families were tested. These
antibiotics were Amoxicillin+clavulanic acid (AMC: 20 pg), Ceftrioxone (CRO: 30ug), penicillin (P:
10 pg), Chloramphenicol (C: 30 pg), ciprofloxacin (CIP: 5 ug), oxacillin (OX: 5 pg) and Gentamicin
(CN: 15 pg). Escherichia coli ATCC 25922 strains were used as the quality control strain [19].

2.3. Molecular Tools

The rtPCR was also used to identify S. pneumoniae species. The QlAamp DNA Mini Kit from Qiagen
was used for the extraction of DNA from CSF. An additional step to aid lysis of the bacterial cell wall
was added by reporting to the manufacturer's instructions. LCRs were treated with a mixture of
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lysozyme (0.04g/ml final) and mutanolysin (2,500 units/ml final concentrations) freshly prepared in
TE buffer (10mM Tris-HCI, 1ImM EDTA, pH 8.0). The sequences of primers and probes and the
amplification protocol used were those previously described by Mothershed et al. [20] and Dolan et
al. [21]. The ABI 7500 Life Technologies was used for amplification of the bacterial DNA and the
amplification cycle numbers was generated based on the amount of DNA extracted in amplicans. The
results were determined by a value displayed on the computer screen connected to the ABI 7500 [21,
22].

2.4.Data Analysis

To assess the performance of rtPCR method in the detection and identification of this organism, the
rate of confirmation of the sensitivity and specificity were calculated (Sensibility = Positive
true/(Positive true + Negative false) and the Specificity = Negative true/(Negative true + Positive
false). The sample was considered negative true after a negative reaction to the pathogen sought by all
tests.

A sample was considered as false negative if the pathogen was detected by CSF culture, but has not
been highlighted by the rtPCR or false positive if the pathogen was detected sought by latex and not
by rtPCR. These explanations have been applied to all techniques. The performance was calculated
taking as reference the results of the rtPCR.

The data collected were entered and analyzed using Excel and Epi Info 2000™ 3.3 software. The
ANOVA test was used to compare mean age patients. Fisher and Yates chi square tests were used to
compare proportions and a p-value of 0.05 was assumed to be statistically significant.

3. RESULTS

In this study, 184 CSF samples coming from suspected cases of bacterial meningitis were analyzed.
The sex ratio was 1.07. The results of this study showed that the mean age was 14 years with a
minimum of 0 and a maximum of 70 years. The age lower than or equal to 10 years was most
represented (45.57%) of the patients suspected (Table 1).

Table 1. Distribution of Streptococcus pneumoniae strains according to age groups.

Age groups Number of Streptococcus pneumoniae cases Percentages
<10 years 36 45.57%

11 - 20 years 22 27.85%

21 - 30 years 6 7.59%

31 - 40 years 8 10.13%

> 40 years 7 8.86%
TOTAL 79 100%

Gram stain test performed on 79 samples revealed 47 positive cases (25.54%). The bacterial culture
has allowed the isolation and identification of bacteria in 40 samples or 21.74% confirmation rate.
The latex agglutination test was positive on 60 samples (32.61%). The rtPCR performed on the same
samples revealed 79 positive cases or 42.93% confirmation rate (Table 2).

Table 2. Results comparison of rtPCR, to culture, to LAT and to Gram stain tests.

Tests Tes_ts_ Results _

Positive cases (percentages) Negative cases (percentage) Total
rtPCR 79 (42,93) 105 (57,07) 184
Culture 40 (21,74) 144 (72,26) 184
Latex 60 (32,61) 124 (67,39) 184
Gram stain 47 (25,54) 137 (74,46) 184

P-value = 0, 0001

The sensitivity and specificity of rtPCR compared to culture, Gram stain test and latex agglutination
test was assessed. It appears that the sensitivity and specificity of rtPCR and culture were respectively
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98,57% and 73.92%. The sensitivity of rtPCR and latex agglutination test was 96.67% and the
specificity was 83.33%. For rtPCR and the Gram stain, the sensitivity of 97.87% and specificity of
75.91% were registered. All P-values were of 0.0001 with Odd ratio superior 1 (table 3).

Table 3. Sensitivity and specificity results of the rtPCR, culture, LAT and Gram stain test

Variables Results of rtPCR OR P-value
Positive Negative (1C95%)

Gram stain | Sensibility = 97,87% Specificity =75,91%

results

Positive 46 1 146,36 0,0001

Negative 33 104 (19,44-101,93)

Latex Sensibility = 96,67% Specificity =83,33%

results

Positive 58 5 59,59 0,0001

Negative 20 101 (21,25-167,12)

Culture Sensibility = 98,57% Specificity =73,92%

results

Positive 40 1 136,26 0,0001

Negative 39 104 (12,24-1001,93)

OR= Odd ratio, Cl = Confidence Interval

The report of the technique of conventional biology and bacteriology has achieved a score of 50.63%
(Table 4).

Table 4. Contribution of rtPCR in the confirmation of suspected cases.

Total number of LCR | Total number of suspected | Number of positive cases with | rtPCR confirmation
samples cases culture rate
184 79 40 50.63 %

The results of susceptibility test carried out on S. pneumoniae strains showed an excellent sensitivity
rate of 92.2% to ceftriaxone, 85% to Amoxicillin + clavunique acid, ciprofloxacin and gentamicin. On
the contrary, these strains revealed a resistance against Oxacillin (30%) and penicillin (35%) ( Figure
1).

Streptococcus pneumoniae

100 - 92,5
90 |85 85 85

= Sensitive

Percentages

u |ntermediary
Resistant

AMC CRO C CIP OX P CN

Antibiotics

Figure 1. Sensitivity percentages of S. pneumoniae strains isolated in Bangui (AMC: Amoxicillin + clavulanic
acid; CRO: Ceftrioxone; P: Penicillin; C: Chloramphenicol; CIP: ciprofloxacin; OX: oxacillin; CN:
Gentamycin).

4. DISCUSSION

The rapid and precise identification of pathogenic bacteria is very important for the timely
implementation of management case, control and monitoring of disease. Approaches based on the
rtPCR have been widely used for the detection of human pathogens because of their high sensitivity
and fast response time to disease [23, 24, 25].

This prospective study conducted in NCBPHL of Bangui emphasizes the frequency and severity of
bacterial meningitis in the Central African population. The results of this study showed that the mean
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age was 14 years with a minimum of 0 and a maximum of 70 years. The age lower than or equal to 10
years was most represented (45.57%) among patients suspected. Similar studies carried out in Burkina
Faso and Egypt revealed a rate of 50% and 40% in children with age lower or equal to 5 years
received in hospitals for meningitis [26, 27]. Data of study conducted on meningitis in North region of
Cameroon showed the predominance of patients with age lower than 10 years and sensitivity rate of
41% [28].

Microscopic examination after Gram stain test performed on 79 samples allowed to note 25.54% of
germs. The bacterial culture revealed isolation and identification of bacteria with a confirmation rate
of 21.74%. The reaction was positive with latex agglutination test in 33.33% of samples. The rtPCR
performed on the same samples made it possible to detect a confirmation rate of 42.93%. The rtPCR
improved the confirmation rate of suspected cases of meningitis over 50.63% compared to culture.
Similar results were observed in other countries and after the introduction of molecular biology, the
number of cases of meningitis confirmed in laboratory doubled in USA [17, 20]. It has also doubled in
England and Wales. This confirmation rate with rtPCR tripled in Greece [29]. The rtPCR has
significantly improved the confirmation rate of bacterial meningitis in Burkina Faso (58.5%) and
Niger (60.4%) [30,31].

The high sensitivity of 98,57% obtained in the rtPCR with respect to the culture and those of 97.87%
and 96.67% respectively compared to the Gram stain test, and the latex agglutination test, demonstrate
that the probability of false negative is low. Real time PCR significantly improves the confirmation
rate of bacterial meningitis [16, 17]. The inability of the rtPCR to detect a positive sample compare to
the culture, Gram stain test may be related to the presence of inhibitors of rtPCR. Indeed, samples of
CSF analyzed have not been previously purified.

The specificity rate of rtPCR compared to culture, Gram stain and latex agglutination tests were
respectively 72.92%, 83.33%, and 75.91%. These rates are quite low. The high number of LCR
samples negative with other techniques and positive with rtPCR explain the low specificity rate of
different techniques used in this study. This information revealed the limit of the use of other
techniques such as standard methods in the study. Other studies have demonstrated the highest
sensitivity of the rtPCR with respect to the latex agglutination test [20, 21].

The sensitivity of S. pneumoniae to various antibiotics was determined using the diffusion method on
agar medium. Molecules of interest according to their use in human medicine, route of administration,
and commercial availability have been used [18].

For this study, S. pneumoniae strains showed a sensitivity of 92.5% to ceftriaxone. In a study in
American medical centers on patients suffering from meningitis, we observed -ceftriaxone
susceptibility rate (2 mg/L MIC) on the decrease of 14.4%. In other medical centers in the same
country we also noted that susceptibility rate also fell under 5.9% [32, 33]. These results were similar
to those obtained in this study, despite the difference between the number of S. pneumoniae strains
tested with antibiotic in different works. Other authors have noted that more than 95% of S.
pneumoniae strains isolated in world are currently sensitive to cephalosporins of third generation [34,
35]. Cirpofloxacine, amoxicillin + clavulanic acid and gentamicin showed an efficiency of 85%. On
the contrary, these species were resistant to oxacillin and penicillin amoxicillin with respective rates
of 30 and 35%. Each one of these strains also has intermediate resistance of more than 21% with these
two antibiotics. The mechanism of resistance to penicillin by S. pneumoniae involves structural
variations in the modes of action of penicillin (binding proteins 1A penicillin, 2X, 2B). These
variations result in a reduction of affinity for penicillin [36].

Amoxicillin + clavulanic acid was effective against S. pneumoniae strains with a sensitivity rate of
89.74%. This antibiotic is used to replace cases of resistance of the strains to amoxicillin. It is a broad-
spectrum antibiotic that inhibits the action of lactamases (enzymes) by clavulanic acid and restore the
activity of amoxicillin [34]. Many studies revealed different rates of antimicrobial resistance in
patients in different geographic areas of the world. The resistance rate was lower in the northern
countries than in developing countries [37]. Antibiotic resistance in the United States was also
compared with that of Europe. The countries of southern Europe such as Greece, France, Italy and
Spain have a similar antibiotic resistance rates with United States. On the contrary, resistance rate in
the United States was higher than that of northern Europe countries [38].
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5. CONCLUSION

Bacterial meningitis remains a serious public health problem in the world globally and especially in
Africa and Central Africa Republic (CAR). This study conducted in National Clinical Biology and
Public Health Laboratory has generated data on the situation of bacterial meningitis in CAR. The age
groups lower or equal to 10 years are exposed to this disease. S. pneumoniae strains were sensitive to
antibiotics, such as ceftriaxone, ciprofloxacin and amoxicillin + clavulanic acid. On the contrary, a
resistance has been observed with oxacillin and penicillin. S. pneumoniae species continues to be an
important cause of invasive disease, especially in children and the elderly. However, the emergence of
drug-resistant genotypes emphasizes the importance of a regulated use of antibiotics in order to
prevent their spread.

REFERENCES

[1] O’Brien, K.L., L.J. Wolfson, J.P. Watt, E. Henkle, M. Deloria-Knoll, N. McCall, E. Lee, K.
Mulholland, O. Levine, T. Cherian, 2009. The global burden of disease due to Streptococcus
pneumoniae in children less than 5 years of age. Lancet 374: 893-902.

[2] World Health Organization, 2008. The global burden of disease, update. Geneva: World Health
Organization.

[3] Remy, T. and M.R. Erwan, 2007. “Meningitis epidemics in Africa: A brief overview”. Science
Direct, Vaccine 25 (Suppl 1): A3-A7

[4] Felminghan, D., R. Cantén, S.G. Jenkins, 2007. Regional Trends and beta-lactam, macrolide
fluoroquinolone and telithromycin resistance among Streptococcus pneumoniae isolates 2001-
2004. J. Infect., 55:111-118.

[5] Scott, A.H., J.A. Bettinger, B. Greenwoodc, L.H. Harrisond, J. Jelfs, S.N. Ladhani, P. Mclintyree,
M.E. Ramsay, M.A.P. Safadi, 2012. The changing and dynamic epidemiology of meningococcal
disease. Science Direct, Volume 30, Supplement 2, Vaccine: B26-B36.

[6] Advisory Committee on Immunization Practices, 2000. Preventing pneumococcal disease among
infants and young children: recommendations of the Advisory Committee on Immunization
Practices (ACIP). Morb. Mortal. Wkly. Rep. Recomm. Rep., 49:1-35.

[7] Barzilay, E.J., K.L. O’Brien, Y.S. Kwok, R.M. Hoekstra, E.R. Zell, R. Reid, C.G. Santosham
MWhitney, and D.R. Feikin, 2006. Could a single dose of pneumococcal conjugate vaccine in
children be effective? Modeling the optimal age of vaccination. Science Direct, Volume 24,
Issue 7. Vaccine: 904-913.

[8] Arbique, J.C., C. Poyart, P. Trieu-Cuot, G. Quesne, M.G.S. Carvalho, A.G. Steigerwalt, R.E.
Morey, D. Jackson, R.J. Davidson and R.R. Facklam, 2004. Accuracy of phenotypic and
genotypic testing for identification of Streptococcus pneumoniae and description of
Streptococcus pseudopneumoniae. J. Clin. Microbiol., 42:4686-4696.

[9] Facklam, R. R. and N Pigott, 1994. Description of phenotypic characteristics to aid in the
identification of Streptococcus pneumoniae IytA. Totollan (ed.), Pathogenic streptococci: present
and future. Lancet Publications, St. Petersburg, Russia.

[10] Messmer, T.O., J.S. Sampson, A. Stinson, B. Wong, G.M. Carlone, and R.R. Facklam, 2004.
Comparison of four polymerase chain reaction assays for specificity in the identification of
Streptococcus pneumoniae. Diagn. Microbiol. Infect. Dis., 49:249-254.

[11] Llull, D., R. Lopez, and E. Garcia, 2006. Characteristic signatures of the IytA gene provide a
basis for rapid and reliable diagnosis of Streptococcus pneumoniae infections. J. Clin.
Microbiol., 44:1250-1256.

[12] Barenfanger, J., C. Drake, N. Leon, T. Mueller and T. Trout, 2000. Clinical and financial
benefits of rapid detection of respiratory viruses: an outcomes study. J. Clin. Microbiol., 38:
2824-2828.

[13] Van der Hoek, L., K. Pyrc, M. Jebbink, W. Vermeulen-Oost, R. Berkout, K. Wolthers, P.
Wertheim-van Dillen, J. Kaandorp, J. Spaargaren and B. Berkhout, 2004. Identification of a new
human coronavirus. Nat. Med., 10: 368-373.

[14] Greiner, O., P.J.R. Day, P.P. Bosshard, F. Imeri, M. Altwegg, and D. Nadal, 2001 Quantitative
detection of Streptococcus pneumoniae in nasopharyngeal secretions by real-time PCR. J. Clin.
Microbiol., 39:3129-3134.

International Journal of Research Studies in Microbiology and Biotechnology (IJRSMB) Page | 6


http://www.sciencedirect.com/science/article/pii/S0140673609612046
http://www.sciencedirect.com/science/article/pii/S0140673609612046
http://www.sciencedirect.com/science/article/pii/S0140673609612046
http://www.sciencedirect.com/science/article/pii/S0140673609612046
http://www.sciencedirect.com/science/article/pii/S0140673609612046
http://www.sciencedirect.com/science/article/pii/S0140673609612046
http://www.sciencedirect.com/science/article/pii/S0140673609612046
http://www.sciencedirect.com/science/journal/0264410X/30/supp/S2
http://www.sciencedirect.com/science/journal/0264410X/24/7
http://www.sciencedirect.com/science/journal/0264410X/24/7
http://www.sciencedirect.com/science/journal/0264410X/24/7

Molecular Diagnosis of Streptococcus pneumoniae Acute Meningitis and Profile of Sensitivity of Usual
Antibiotics in Bangui, Central African Republic

[15] Kaijalainen, T., S. Rintamaki, E. Herva, and M. Leinonen, 2002. Evaluation of gene-
technological and conventional methods in the identification of Streptococcus pneumoniae. J.
Microbiol. Methods, 51:111-118.

[16] Mc Avin, J.C., P.A. Reilly, R.M. Roudabush, W.J. Barnes, A. Salmen, G.W. Jackson, K.K.
Beninga, A. Astorga, F.K. McCleskey, W.B. Huff, D Niemeyer and K.L. Lohman, 2001.
Sensitive and specific method for rapid identification of Streptococcus pneumoniae using real-
time fluorescence PCR. J. Clin. Micrabiol., 39:3446-3451.

[17] Cavarlho, M.G.S., M.L. Tondella, K. McCaustland, L. Weidlich, L .McGee, L.W. Mayer, A.
Steigerwalt and J.S. Sampson, 2007. Evaluation and improvement of real-time PCR assays
targeting IytA, ply and psaA genes for detection of pneumococcal DNA. Journal of Clinical
Microbiology vol. 45, N° 8, P: 2460-66.

[18] OMS, 2009. Procédure Opérationnelles standard pour la surveillance Renforcée de la Méningite
en Afrique.

[19] CASFM, 2010. Comité de I'Antibiogramme de la Société Francaise de Microbiologie.
Recommandations 2010. Paris, France.

[20] Mothershed, E.A., C.T. Sacchi, A.M. Witney, G.A. Barnett, G.W. Ajello, S. Schmink, L.W.
Mayer, M. Phelan, T.H. Taylor, S.A. Bernhardt, N.E. Rosenstein, 2004. Use real-time PCR to
resolve slide agglutination discrepancies in serogroup identification of Neisseria meningitidis.
Journal of Clinical Microbiology, 42: 320-28.

[21] Dolan, T.J., C.P. Hatcher, D.A. Satterfield, M.J. Theodore, M.C. Bach and L.W. Mayer, 2011.
sodC-Based Real-Time PCR for Detection of Neisseria meningitidis. PLoS ONE 6(5): e19361.
doi:10.1371/journal.pone.0019361

[22] Wang, X., R. Mair, C. Hatcher, M.J. Theodore, K. Edmond, H.M. Wua, B.H. Harcourt, M.S.
Cavarlho, F. Pimenta, P. Nymadawa, D. Altantsetseg, M. Kirsch, S.W. Satola, A. Cohn, N.E.
Messonnier and L.W. Mayer, 2011. Detection of bacterial pathogene in Mongolia meningitis
surveillance with a new real-time PCR assay to detect Haemophilus influenzeae. International
Journal of Medical Microbiology, 301: 303-9.

[23] McCrea, K.W., J. Xie, N. La Cross, M. Patel, D. Mukundan, T.F. Murphy, C.F. Marrs and J.R.
Gilsdorf, 2008. Relationships of non type able Haemophilus influenzae strains to hemolytic and
non hemolytic Haemophilus haemolyticus strains. Journal of Clinical Microbiology 46: 406-416.

[24] Mukundan, D., Z. Ecevit, M. Patel, C.F. Marrs and J.R. Gilsdorf, 2007. Pharyngeal colonization
dynamics of Haemophilus influenzae and Haemophilus haemolyticus in healthy adult carriers.
Journal of Clinical Microbiology, 45: 3207-3217.

[25] Singh, A., R.V. Goering, S. Simjee, S.L. Foley, M.J. Zervos, 2006. Application of molecular
techniques to the study of hospital infection. Clinical and Microbiology Reviews, 19: 512-530.

[26] Mueller, J.E., S. Yaro, M.S. Ouedraogo, N. Levina, B.M. NjanpopLafourcade, H. Tall, R.S.
Idohou, O. Sanou, S.S. Kroman, A. Drabo, B. Nacro, A. Millogo, M. Linden, B.D. Gessner,
2012. Pneumococci in the African Meningitis Belt: Meningitis Incidence and Carriage
Prevalence in Children and Adults. PLoS ONE 7(12), e52464.
doi:10.1371/journal.pone.0052464.

[27] Lamyaa, S. and S. Rania, 2009. Prevalence and antimicrobial resistance pattern of bacterial
meningitis in Egypt. Annals of Clinical Microbiology and Antimicrobials, 8:26.

[28] WANGOU, M., 2009. « Etiologie de la meningite bactérienne et résistance des bacteria aux
antibiotiques au Centre Pasteur de Cameroun », Site mémoireoneline
Yaoundé,www.memoireoneline.com/06/10/3602/http://www.memoireonline.com/06/10/3602/m
Etiologie-de-la-meningite-bacterienne-et-resistance-des-bacteries-aux-antibiotiques-au-Centre-
Pa.html. Page consulté le 18/09/12.

[29] European Union, 2002. Invasive Bacterial Infections Surveillance (EUIBIS) —Culture-confirmed

meningococcal cases by country & vyear, 1999-2002 (http://www.euibis.org/php/meningo_d
b_index.htm).

[30] Nikiema, A., L. Toé, G. Adjami, R. Ouédraogo Traoré, 2009. Effectiveness of a polymerase
chain reaction using seminested and multiplex strategy for the identification of the three main
bacteria responsible for meningitis in Burkina Faso. Bull. Soc. Pathol. Exot., 103:8-13.

International Journal of Research Studies in Microbiology and Biotechnology (IJRSMB) Page |7


http://jcm.asm.org/search?author1=Luciana+Weidlich&sortspec=date&submit=Submit
http://jcm.asm.org/search?author1=Lesley+McGee&sortspec=date&submit=Submit
http://jcm.asm.org/search?author1=Leonard+W.+Mayer&sortspec=date&submit=Submit
http://jcm.asm.org/search?author1=Arnold+Steigerwalt&sortspec=date&submit=Submit
http://jcm.asm.org/search?author1=Arnold+Steigerwalt&sortspec=date&submit=Submit
http://jcm.asm.org/search?author1=Jacquelyn+S.+Sampson&sortspec=date&submit=Submit
http://www.memoireonline.com/06/10/3602/mEtiologie-de-la-meningite-bacterienne-et-resistance-des-bacteries-aux-antibiotiques-au-Centre-Pa.html.%20Page%20consult�%20le%2018/09/12
http://www.memoireonline.com/06/10/3602/mEtiologie-de-la-meningite-bacterienne-et-resistance-des-bacteries-aux-antibiotiques-au-Centre-Pa.html.%20Page%20consult�%20le%2018/09/12
http://www.memoireonline.com/06/10/3602/mEtiologie-de-la-meningite-bacterienne-et-resistance-des-bacteries-aux-antibiotiques-au-Centre-Pa.html.%20Page%20consult�%20le%2018/09/12
http://www.euibis.org/php/meningo_d%20b_index.htm
http://www.euibis.org/php/meningo_d%20b_index.htm
http://www.euibis.org/php/meningo_d%20b_index.htm

E. Lango-Yayaet al.

[31] Chanteau, S., F. Sidikou, S. Djibo, A. Moussa, H. Mindadou and P. Boisier, 2006. Scaling-up of
PCR based surveillance of bacterial meningitis in the African meningitis belt: indisputable
benefits of multiplex PCR assay in Niger. Trans R Soc. Trop. Med. Hyg., 100:677-680.

[32] Doern, G.V., K.P. Heilmann, H.K. Huynh, 2001. Antimicrobial resistance among clinical
isolates of Streptococcus pneumoniae in the United States during 1999-2000, including a
comparison of resistance rates since 1994-1995. Antimicrob Agents Chemother, 45: 1721-1729.

[33] Richter, S.S., K.P. Heilmann, C.L. Dohrn, F. Riahi, S.E. Beekmann, G.V. Doern, 2009.
Changing epidemiology of antimicrobial-resistant Streptococcus pneumoniae in the United
States, 2004-2005. Clin. Infect. Dis., 48: e23—€33.

[34] Weinstein, M.P., K.P. Klugman, R.N. Jones, 2009. Rationale for revised penicillin susceptibility
breakpoints versus Streptococcus pneumoniae: coping with antimicrobial susceptibility in an era
of resistance. Clin. Infect. Dis, 48: 1596-1600.

[35] Pallares, R., O. Capdevila, J. Linares, 2002. The effect of cephalosporin resistance on mortality
in adult patients with non meningeal systemic pneumococcal infections. Am. J. Med, 113: 120—
126.

[36] Hackenbeck, R., H. Ellerbrok, T. Briese, 1986. Penicillin-binding proteins of penicillin-
susceptible and -resistant pneumococci: immunological relatedness of altered proteins and
changes in peptides carrying the b-lactam binding site. Antimicrob Agents Chemother, 30: 553—
558.

[37] European Union, 2002. Invasive Bacterial Infections Surveillance (EUIBIS)-Number of culture-
confirmed and/or PCR-confirmed meningococcal disease cases by country & year, 1999-2002.
(http://www.euibis.org/php/meningo_db_index.htm).

[38] Goossens, H., M. Ferech, S. Coenen, P. Stephens, 2007. European Surveillance of Antimicrobial
Consumption Project Group. Comparison of outpatient systemic antibacterial use in the United
States and 27 European countries. Clin. Infect. Dis., 44: 1091-1095.

International Journal of Research Studies in Microbiology and Biotechnology (IJRSMB) Page | 8


http://trstmh.oxfordjournals.org/search?author1=Amadou+Moussa&sortspec=date&submit=Submit
http://trstmh.oxfordjournals.org/search?author1=Habsatou+Mindadou&sortspec=date&submit=Submit
http://trstmh.oxfordjournals.org/search?author1=Pascal+Boisier&sortspec=date&submit=Submit
http://www.euibis.org/php/meningo_db_index.htm

