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A study on the incidence of bacterial meningitis among hospitalized children in
Obafemi Awolowo University Teaching Hospitals Complex, Ile-Ife was carried out using
standard microbiological techniques. A sum of one hundred and thirty-five patients
with the age range from 1 hour to 8 years was involved in the study and was placed in
classes; the highest study class being 41.5 % ranged from 1 hour to 6 days, followed by age
range 1 year to 4 years (25.9 %). Three of them (2.22%) showed positive presence of
bacterial pathogens in their cerebral fluid (statistically non-significant (p 2 0.05) but
medically important). These three positive patients were between the 1< 12 months
(33.3%) and <4 years to 8 years (66.7%). Two isolates of recovered were resistant to
ampicillin, chloramphenicol, streptomycin and gentamycin, cotrimoxazole but sensitive
to ceftriazone, augmentin, cefixime and ofloxacin. At least one of the isolates was resistant
to cloxacillin, cephalexin and ceftazidine. The only Haemophilus influenzae recovered
was resistant to ampicillin, cloxacillin, chloramphenicol, streptomycin, cotrimoxazole,
cefixime and erythromycin but sensitive to gentamycin, cephalexin, ceftrazidime,
ceftriaxone, augmentin and ofloxacin. Multiple antibiotic resistance index (MARI) of S.
pneumoniae (n=2) were 0.57 and 0.43 while H. influenzae (n=1) had MARI of 0.50.
These showed the isolates to be of high risk sources and suggestive of prior antibiotic
abuse. The incidence of Meningitis is unusual in the study area and suggests the need for
proactive health control measures against rare infections.
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Diseases from virulent bacteria have been
adduced as the main cause of childhood mortality
of about half the total number of children born in
sub-Saharan African countries '. Meningitis, for
instance, is a microbial infection that is commoner
in children than adults and it is the inflammation of
the meninges (protective layer that shields the
central nervous system) 2. The inflammation may
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be caused by infection with viruses, bacteria, or
other microorganisms, and less commonly by
certain drugs *. Sdez-Llorens and McCracken * had
observed that the mortality rate for meningitis can
be low even to 2% in infants and high up to 20—
30% in neonates and adults. It also leaves quite
terrible physiological deformity in about 33.3% of
the survivor . So, this clinical condition is handled
as a medical emergency >° as its widespread
emergence sense great danger to public health.
This situation however seemed appalling round
the world, as decline in prevalence have been
reported ™ in many countries.
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Group B Streptococcus remains the
prevalent aetiology of meningitis among the new
born and the premature babies '°, though
Escherichia coli have also been implicated ' 12,
An epidemic proportion of meningitis due to
Listeria monocytogenes have also been earlier
reported '*. This Listerial meningitis is also of
concern to public health scientist. This has been
of peculiar concern to many researchers. For
instance, Amaya-Villar, et al. ' propelled by this
venture to evaluate the clinical features,
management, and outcome of Listerial meningitis.
The occurrence, affected age-group, the aetiology
and outcome are important factors in meningitis
study. Chang Chien et al.  reported 60% of their
study populations were < 7 days old age-group,
and nosocomial spread in such conditions have
been reported '® 7. For children above > 7, the
prevalent bacterial aetiologies are commonly some
serotypes of Streptococcus pneumoniae,
Neisseria meningitides but those patients < 5
years are usually affected by Haemophilus
influenzae type B 8. A combination of Gram
negative N. meningitidis and the Gram positive S.
pneumoniae were responsible for meningitis in
adults but Listeria monocytogenes meningitis
affect mainly the elderly people with ages of =60
years . Goetghebuer et al. 2° also observed that
52.1 % of the childhood meningitis in Gambia was
caused by S pneumoniae. Other meningitis are
encountered due to the prevalence of such
aetiologies known for other clinical manifestations,
for example Mycobacterium tuberculosis
meningitis is rampant in low-income countries
already being ravaged by tuberculosis ?! or by
immune system related diseases like HIV/AIDS 2.

H. influenzae type b (Hib) is recognized
for causing over 95% of invasive diseases
including childhood meningitis before the
administration of routine infant immunization .
The advent of this vaccine has however led to the
reduction of infant meningitis (age range 0-4 years)
to about 1 in 2, 000 individuals in United Kingdom,
United States and Canada ** *. In developing
countries especially in Sub-Saharan African
countries, the incidence is several multiples of those
in developed countries 2. These may be due to
prevailing socio-economic differences. Even at
that, H. influenzaetype b (Hib) still showed similar
trend in some developing countries compared to
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the developed ones, though with higher incidence
in the former **?. An incidence rate of 47.9%
childhood meningitis was caused by H. influenzae
as reported by Goetghebuer et al. ?°. This explains
the need to continuously monitor the incidence of
meningitis and other such rare deadly infection
especially in developing countries, in order to
proffer prompt solution.

Meningitis prognosis is a threat to the
susceptible children. Fatality has been reported in
both developed and developing countries % %. A
study conducted by Trotman et al. * showed a
100% mortality rate for the entire infant below the
age 1 year and a general of 36% poor outcome for
all the patients. The post therapy outcome even
showed 35% hearing loss among the convalescent.
Goetghebuer et al. ? reported that 50% of the
patients with meningitis had various abnormalities
after treatment. The major physical abnormalities
they found include hearing loss, mental retardation,
motor abnormalities and seizures.

The appropriate therapy depends on
aetiology of the disease and of course, the child’s
age. P-Lactam antibiotics including the
cephalosporins are relatively safe for children and
therefore constitute the most appropriate initial
regimen. The high in-vitro activity of monotherapy
with the third generation cephalosporin has been
reported *! and it may be administered. However,
the administration of vancomycin along with the
cephalosporin may be necessary when S.
pneumoniae (Pneumococcal) is detected as the
pneumococcal strains are known for vancomycin
tolerant when administered alone > **. Another
multicenter study reported and justified the
administration of carbapenem plus cephalosporin
therapy as the starting regimen in about 61.9% of
the cases studied*. This study examines the
incidence of childhood bacterial meningitis in
Obafemi Awolowo University Teaching Hospitals
complex, Ile-Ife, Nigeria and their antibiotic
susceptibility profile.

MATERIALS AND METHODS

Study Design

Bacterial meningitis is a rare occurrence
in the study location. A retrospective report of the
incidence observed in May-July, 2011 is hereby
presented. A verbal consent was obtained from all
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the patients’ parents before the collection of
samples. The research was carried in accordance
with the ethical guideline of the Teaching
Hospitals.

Study Locations

This study was conducted at Obafemi
Awolowo University Teaching Hospitals Complex.
The samples were collected from the children ward
while the microbiological analysis was carried out
in Bacteriology Laboratory, Microbiology
Department. Obafemi Awolowo University
Teaching Hospitals is a referral centre for about 5
millions difficult cases within and outside Osun
State, Nigeria *.

Sample Collection and Analysis

Sample collection, isolation and
identification were carried out using the scheme of
Perilla et al. *® with very minor adjustment.
Cerebrospinal fluid (CSF) samples from one
hundred and thirty-five patients were collected
aseptically and transported immediately to the
microbiology laboratory for immediate analysis. In
the laboratory the CSF was centrifuged and the
sediment from a centrifuged specimen was cultured
on blood agar (BA), MacConkey agar (MA) and
vitox-enriched chocolate agar (CA) plates. The
culture plates were incubated at 35+2°C for 1-2
days in both aerobic (blood agar and macConkey
agar) and anaerobic (chocolate agar) condition.
The suspected Streptococcus species from the
blood agar and chocolate agar were subjected to
Neufeld’s Quellung reactions (Pneumococcal test).
In all the identification steps, S pneumoniae NCTC
12977 was used as positive control. The Gram
negative thread-like coco-bacillus suspected to be
Haemophilus influenzae was confirmed by its
positive reaction to the production of satellitism
when grown with Staphylococcus aureus, factors
x and v, and iridescence on slide. H. influenzae
ATCC 49247 and H. influenzae ATCC 10211 were
used as control for some of the analysis.
Antibiotic Susceptibility Testing (AST)

The diffusion technique was used to
determine the profile of the following antibiotics
on the isolates: ampicillin, cloxacillin, streptomycin,
chloramphenicol, cotrimoxazole, erythromycin
gentamycin, cephalexin, augmentin, cefixime and
ceftriaxone. The multi-antibiotic discs were
commercially prepared by Abtek. The antibiogram
was performed in accordance with standards

described by the National Committee for Clinical
Laboratory Standards, NCCLS and Cheesebrough
37-39
Standardization of inoculum, plates preparation
and interpretation of results

The method earlier described by
Komolafe and Adegoke * was used with slight
modifications. Few isolates on a 24 h plate culture
were randomly selected for the preparation of
uniform dilution equivalent to McFarland standard.
These isolates were inoculated into 2 mL of sterile
peptone water broth in bijou bottles. This was
incubated at 37°C for 6 h and the turbidity was
adjusted by serial dilution in phosphate buffer
saline (pH 7.2) to match an opacity tube containing
0.5 mL of 1% barium chloride in 1% sulphuric acid
(a McFarland’s 0.5 barium sulphate standard
containing 10° cfu/mL of the inoculums). One
millilitre of the bacteria suspension was transferred
into a well dried surface of diagnostic sensitivity
test agar (DST) medium and titled to spread evenly
over the entire surface of the tilted plate. The excess
fluid was drained off and dried within 5 min multi-
antibiotic discs were then placed on the surface of
the inoculated plate and incubated aerobically at
37°C for 18 to 24 h. The diameter of the zone of
inhibition was measured in millimetre which was
interpreted as either resistance (R) or sensitive (S)
using the approved manufacturer’s standard
manuals.
Statistical analysis

Descriptive analyses were performed
using the SPSS statistical programme, version . A
p-value, p=0.05 was regarded as being statistically
significant (Dahiru)*..
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Fig. 1. Sex distribution (Number and Percentage) of
the studied patients
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RESULTS

The study population includes the
children with clinical manifestation like headache
and neck stiffness. Most of these children also
exhibit multiple symptoms like fever, vomiting,
unfocused consciousness and photophobia all of
which suggest meningitis, the children were then
recommended for CSF bacteriological examinations
and the number includes 74 males (54.8%) and 51
female children (Fig 1). Forty-one and a half
percentage of these patients fall in the age range
of 1 hour to 6 days, followed by age range 1 year to
4 years (25.9%) , 4 years to 8 years (17%), 1 week to
< 1 month (8.1%) and 1 month to < 12 months
(7.4%) (Table 1). The observation of few positive
cerebro spinal fluid samples was made in this study.
Out of one hundred and thirty five patients studied,
three of them (2.22%) showed positive presence
of bacterial pathogen in their cerebral fluid. This
number of the positive patients were statistically
non-significant (p=0.05) but medically important.
These three positive patients were between the 1
month to < 12 months (33.3%) and <4 years to 8
years (66.7%) Table 1.
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Following the biochemical and
serological analysis to identify the organisms
isolated, two of the bacterial species were S.
pneumoniae (Pneumococcus) and one was H.
influenzae. The summary of the biochemical and
serological characteristics of the isolates are as
shown in Table 2.

Table 3 summarizes the antibiotic
susceptibility profile of the isolates. Both S.
pneumoniae isolates were resistant to ampicillin,
chloramphenicol, streptomycin, gentamycin and
cotrimoxazole while both were sensitive to
ceftriazone, augmentin, cefixime and ofloxacin. One
isolate was resistant while the other was sensitive
to cloxacillin, cephalexin and ceftazidine. For H.
influenzae, the isolate was resistant to ampicillin,
cloxacillin, chloramphenicol, streptomycin,
cotrimoxazole, cefixime and erythromycin, while
sensitivity to gentamycin, cephalexin, ceftrazidime,
ceftriaxone, augmentin and ofloxacin were
observed in this organism. Multiple antibiotic
resistance index (MARI) of S. pneumoniae (n=2)
were 0.57 and 0.43 while H. influenzae (n=1) had
MARI of 0.50.

Table 1. Age Range and the positive samples per age range

No and Percentage

Age Range of the Sampled Patients

No of culture with
positive results

Agerange No % No %

1 h-6days 56 41.5 0 0

I w-<lm 11 8.1 0 0

Im-<12m 10 7.4 1 333

ly-d”4 y 35 259 0 0

>4y-8y 23 17 2 66.7
135 100

Note: The number of positive sample is non-significant (p-values = 0.05).

Table 2. Biochemical and Serological Characteristics of the isolates.

Haemolysis Gram Catalase Optochin Bile Quellung Identification
Reaction Susceptibility ~Solubility = reactions
Test
A + _ + + + S pneumoniae
Satellitism Gram Reaction Indole Urease Factors Iridescence Identification
(+ S aureus) X A%
+ - + + + + o+ H. influenzae
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Table 3. Antibiotic Susceptibility
profile of S. pneumoniae and H. influenza.

Antibiotics % Resistance (R) or Sensitive (S)
S pneumonia H. Influenza
(n=2) (n=1)
Ampicillin 2R IR
Cloxacillin 1R, 1S 1R
Chloramphenicol 2R IR
Streptomycin 2R IR
Gentamycin 2R 1S
Cotrimoxazole 2R IR
Cephalexin IR, 1S 1S
Ceftazidime 1R, 1S 1S
Ceftriaxone 2S 1S
Augmentin 2S 1S
Cefixime 2S 1R
Ofloxacin 2S 1S
Ciporex 1S, 1S
Erythromycin IR, 1S IR
DISCUSSION

The results of this study involving 135
children showed low profile incidence of 2.22% in
this area known to be free of such cases compare
to the hyper-endemic regions like Chad, Niger and
Northern Nigeria . Yet, the presence of this case
at all calls for high level preparedness, considering
it all an alert signal reminding all the stakeholders
the deadly impact of meningitis on many African
children as previously reported elsewhere *.
Following the use of culture and immunological
assays for effective detection *, the S pneumoniae
(Pneumococcus) detected in grown up children (8
years and 7 years) and H. influenza detected in
much younger child (4 months) were in tandem
with earlier report by Schuchat and Wenger *,
which emphasized the prevalence of H. influenzae
b (Hib) meningitis in younger children. As
observed in this study, S. pneumoniae
(Pneumococcus) has higher frequency of
occurrence than H. influenzae in meningitis cases
and this is similar to published studies **. For
this pneumococcal meningitis, poor nutritional
status and less competent immune system might
be contributory factors ¥ as the older children
have better immune competence than neonates*”
% Monitoring meningitis caused by S pneumoniae
accompanied by non-meningitis infection is
important due to usual underlining illnesses that
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sometime facilitate the pathogenesis of meningitis
which ultimately affect the therapeutic outcome °!,
thus, making the infection difficult to manage and
recurrent °. Lower survival was reported in cases
with S. pneumoniae meningitis than with H.
influenzae (Hib) meningitis by Goetghebuer et al. .

A study showed that S. pneumoniae,
H. influenzae type B, and Meningococcal
meningitidis infections depend on the age, sex
and immune status of the patients®, two of these
incidences were also observed in this study. More
interestingly, the two bacteria isolated in this study
(H. influenzae and S. pneumoniae) have been
reported as the predominant aetiologies of
meningitis among young black children in many
parts of Africa *. This makes these organisms
important in meningitis related studies in Africa.

However, due to general low incidence,
our observations cannot be confirmed to be sex-
based but the 2 older children with S, pneumoniae
meningitis were incidentally males while the 4 month
old baby with H. influenzae was a female. Yet, it
agrees with earlier reports that pneumococcal
disease is usually with a percentage of 60% for
male while female has 40% frequency of
occurrence’ .

The observation of three cases report in
this research shows the need for preparedness
against the old infectious diseases *. The observed
cephalosporin-resistant S. pneumoniae and
cephalosporin-susceptible S. pneumoniae makes
the prescription of such a wide spectrum antibiotic
unreliable as there lies 50% therapeutic failure as
other reported cases %7 except a prior antibiotic
susceptibility testing confirms the potential for
effective therapy with the antibiotic. When such
failure occurs, complications may set in before
further action is taken. This further explains why
meningitis should be addressed as an emergency
which cannot be underestimated even at low
incidence rate. Resistance to ampicillin,
chloramphenicol, streptomycin and cotrimoxazole
by the S pneumoniae and H. influenzae observed
in this study corroborated the reports elsewhere
.60 Also, the observation that at least one of the
two S pneumoniae and the only H. influenzae
were resistant to erythromycin and cloxacillin in
this study support the much advocated need to
shift from monotherapy to combination therapy
for efficacy ® though combination therapy is
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sometimes accompanied with attending challenges
62, Prior antibiotic susceptibility testing is important
on whichever regimen is to be adopted.

Resistance to ampicillin, cloxacillin,
chloramphenicol, streptomycin, cotrimoxazole,
cefixime and erythromycin by the H. influenzae
showed the need to recourse to vaccine
administration, especially in meningitis endemic
area. While supporting the use of Hib conjugate
vaccine immunogenic in young infants, WHO ¢
reported that it is safe, and offer long-term
protection. The level of preparedness in infection
control in Sub-Saharan African countries should
be reviewed and strengthened intermittently to
prevent the emergence of such infections like
meningitis in epidemic proportion even in areas
where it was never or rarely reported.

ACKNOWLEDGMENTS

We hereby acknowledge the entire
medical and laboratory staff of Obafemi Awolowo
University Teaching Hospital Complex (OAUTHC),
Ile-Ife, Nigeria and the staff of Department of
Biochemistry and Microbiology, University of Fort
Hare, Alice, South Africa.

REFERENCES

1. WHO. Clinical signs of serious infections in
young infants in developing countries: a WHO
collaborative study. Paed. Infect. Dis., 1999; J18
(10 suppl): S1-69.

2. Séez-Llorens, X. and McCracken, G. H. Bacterial
meningitis in children. Lancet, 2003; 361: 2139-
2148.

3. Ginsberg, L. Difficult and recurrent meningitis.
J. Neurol. Neurosurg. Psych. 2004; 75Suppl 1
(90001): 16-21.

4. Séez-Llorens, X. and McCracken, G. H. Bacterial
meningitis in neonates and children Infect. Dis.
Clinics North Am., 1990; 4: 623—644.

5. Neuman, H. B. and Wald, E. R. Bacterial
meningitis in childhood at the Children’s
Hospital of Pittsburgh: 1988-1998. Clin. Ped.
(Phila). 2001; 40: 595-600.

6. Tunkel, A. R., Hartman, B. J., Kaplan, S. L.,
Kaufman, B. A., Roos, K. L., Scheld, W. M. and
Whitley, R. J. Practice guidelines for the
management of bacterial meningitis. Clin. Infect.
Dis., 2004; 39(9): 1267-1284.

7. Chang, C.J. Chang, W. N., Huang L. T., Chang,

J PURE APPL MICROBIO, 7(2), JUNE 2013.

10.

11.

12.

13.

14.

15.

16.

17.

18.

S.C.,Hung, Y. C., Tasi, P. L., Lu, C. Y., Cheng,
C. H., Lee, B. C. and Chang, P. Y. Neonatal
bacterial meningitis in South Taiwan. Ped.
Neurol., 2003; 29: 288.

De Louvois, J., Halket, S. and Harvey, D.
Neonatal meningitis in England and Wales:
sequelae at 5 years of age. Europ. J. Paed., 2005;
164: 730.

Smith, P. B., Garges, H. P., Cotton, C. M.,
Walsh, T. J., Clark, R. H. and Benjamin Jr., D.
K. Meningitis in preterm neonates: importance
of cerebrospinal fluid parameters. Am. J.
Perinatol., 2008; 25: 421-426.

Schuchat, A. Epidemiology of Group B
Streptococcal Disease in the United States:
Shifting Paradigms. Clin. Microbiol. Rev., 1998:
11(3): 497-513.

Unhanand, M., Mustafa, M. M., McCracken,
G. H. and Nelson, J. D. Gram negative enteric
bacillary meningitis: a twenty-one-year
experience”, J. Ped., 1993; 122: 15-21.
Dawson, K. G., Emerson, J. C. and Burns, J. L.
15 years of experience with bacterial meningitis.
Ped. Infect. Dis. J., 1999; 18: 816-822.
Williams, G., Khan, A. A. and Schweiger, F.
Listerial meningitis complicating infliximab
treatment for Crohn’s disease. Can. J. Infect.
Dis. Med. Microbiol., 2005; 16(5): 289-292.
Amaya-Villar, R., Garcia-Cabrera, E., Sulleiro-
Igual, E., Fernandez-Viladrich, P., Fontanals-
Aymerich, D., Catalan-Alonso, P., Rodrigo-
Gonzalo, C., de Liria, F., Coloma-Conde, A.,
Grill-Diaz, F., Guerrero-Espejo, A., Pachon, J.
and Prats-Pastor, G. Three- year multicenter
surveillance of community-acquired Listeria
monocytogenes meningitis adults. BMC Infect.
Dis. 2010; 10: 324.

Chang Chien, H. Y., Chiu, N. C., Li W. C. and
Huang, F. Y. Characteristics of neonatal bacterial
meningitis in a teaching hospital in Taiwan from
1984-1997. J. Microbiol. Immunol. Infect.,2000;
33: 100-104.

Grupo de Hospitales Castrillo. Neonatal
meningitis: Epidemiological study of the Grupo
de Hospitales Castrillo. An. Esp. Ped., 2002; 56:
493-496.

Aletayeb, M. H., Ahmad, F. S. and Masood, D.
Eleven-year study of causes of neonatal bacterial
meningitis in Ahvaz, Iran. Ped. Inter., 2010; 52:
463-466.

Ticca, F.,, Catania, S., Ranno, O., Timpano, C.,
Rivosecchi, M. R., Graziani, M. C., Lancella,
L., Comparcola, D. and Nicolosi, L.
H. influenzae type b in meningitis: antibiotic
resistance in pediatric patients. Le Infezioni
Med., 1997; 5(2): 96-99.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ADEGOKE et al.: STUDY OF RARE BACTERIAL MENINGITIS AMONG CHILDREN 979

Jensen, A. K., Ethelberg, S., Smith, B., Nielsen,
E. M., Larsson, J., Mglbak, K., Christensen, J.
and Kemp, M. Substantial increase in listeriosis,
Denmark 2009. Euro-surv., 2010; 15(12): 25.
Goetghebuer, T., Eoin West, T., Wermenbol, V.,
Cadbury, A. L., Milligan, P., Lloyd-Evans, N.,
Adegbola, R. A., Mulholland, E. K., Greenwood,
B. M. and Weber, W. Outcome of meningitis
caused by S. pneumoniaee and Haemophilus
influenzae type b in children in The Gambia.
Trop. Med. Inter. Health, 2000; 5(3): 207-213.
Naranbat, N., Nymadawa, P., Schopfer, K. and
Rieder, H. L. Seasonality of tuberculosis in an
Eastern-Asian country with an extreme
continental climate”, Euro. Respiratory J., 2009;
34:921-925.

Yorsangsukkamol, J., Chaiprasert, A.,
Prammananan, T., Palittapongarnpim, P.,
Limsoontarakul, S. and Prayoonwiwat, N.
Molecular analysis of M. tuberculosis from
tuberculous meningitis patients in Thailand
Tuberculosis (Edinb), 2009; 89(4): 304-309.
Peltola, H. Worldwide H. influenzae type b
disease at the beginning of the 21st century:
Global analysis of the disease burden 25 years
after the use of the polysaccharide vaccine and a
decade after the advent of conjugates”, Clin.
Microbiol. Rev., 2009; 13: 302-317.

Urwin, G., Yuan, M. F. and Feldman, R. A.
Prospective study of bacterial meningitis in North
East Thames region, 1991-3, during introduction
of H. influenzae Vaccine”, Brit. Med. J., 1994;
309: 1412-1414.

Wenger, J. D. Epidemiology of Haemophilus
influenzae type b disease and impact of
Haemophilus influenzae type b conjugate
vaccines in the United States and Canada. Ped.
Infect. Dis. J., 1998; 17(9 Suppl.): 5132-5136.
Diaz, J. M., Catalan, L., Urrutia, M. T., Prado,
V., Ledermann, W., Mendoza, C., and Topelberg,
S. Trends of etiology of acute Bacterial meningitis
in Chilean children from 1989 to 1998. Impact
of the anti-H influenzaetype b vaccine”, Revista
Medica de Chile, 2001; 129: 719-726.
Greenwood, B. Manson Lecture. Meningococcal
meningitis in Africa. Trans Royal Soc Trop Med
Hyg. 1999; 93: 341-353.

Usen, S., Adegbola, R., Mulholland, K., Jaffar,
S., Hilton, S., Oparaugo, A., Omosigho, C.,
Lahai, G., Corrah, T., Palmer, A., Schneider, G.,
Weber, M. and Greenwood, B.Epidemiology of
invasive pneumococcal disease in the Western
Region, The Gambia. Pediatr. Infect Dis. J. 1998;
17: 23-28.

Kaplan, S.L. Clinical manifestations, diagnosis,
and prognostic factors of bacterial meningitis.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Infect Dis Clin North Am., 1999; 13: 579-590.
Trotman, H., Olugbuyi, O., Barton, M.,
McGregor, D. and Thomas, S. Pneumococcal
meningitis in Jamaican children. est Indian Med
J. 2009; 58(6): 585-588.

Wubbel, L. and McCracken, G.H. Management
of bacterial meningitis. Pediatr Rev. 1998; 19:
78-84.

Novak, R., Henriques, B., Charpentier, E.,
Normark, S. and Tuomanen, E. Emergence of
vancomycin tolerante in Streptococcus
pneumoniaee. Nature, 1999; 399: 590-593.
Mitchell, L. and Tuomanen, E.I. Vancomycin-
tolerant Streptococcus pneumoniaee and its
clinical significance. Pediatr Infect DisJ., 2001;
20: 531-533.

Sakata, H., Sato, Y., Nonoyama, M., Haruta, T.,
Ouchi, K., Yamaguchi, S. and Sunakawa, K.
Results of a multicenter survey of diagnosis and
treatment for bacterial meningitis in Japan. J.
Infect. Chemother. 2010; 16(6): 396-406.
Adeolu, A.A., Arowolo, O.A., Alatise, O.1.,
Osasan, S.A., Bisiriyu, L.A., Omoniyi, E.O. and
Odesanmi, W.O. Mortality trends in a nigerian
teaching hospital over three decades. Afr Health
Sci. 20105 10(3): 266-272.

Perilla, M.J., Ajello, G., Bopp, C., Elliot, J.,
Facklam, R., Knapp, J.S., Popovic, T., Wells, J.
and Dowell, S.F. Manual for the Laboratory
Identification and Antimicrobial Susceptibility
Testing of Bacterial Pathogens of Public Health
Importance in the Developing World. Centers
for Disease Control and Prevention: National
Center for Infectious Diseases and World Health
Organization: Department of Communicable
Disease Surveillance and Response. available on
http://www.ritm.gov.ph/arsp/
Manual%20for%20Lab%201D,%20AST-
cdc,%20who.pdf>. (Accessed 12 February
2012).

NCCLS. Performance Standards for
Antimicrobial Disk and Dilution susceptibility,
Tests for Bacteria Isolated from Animals;
Approved Standard. NCCLS Document M31-
A; 1999.

Cheesebrough, M. District Laboratory Practice
in Tropical Countries. Part 2, 2nd edition,
Cambridge University Press. 2006; 132-143.
Clinical and Laboratory Standards Institute,
CLSI. Performance Standards for Antimicrobial
Disk Susceptibility Tests-Tenth Edition:
Approved Standard, 2009b; 29(1). M02-A10
CLSI, Wayne, PA, USA.

Komolafe, A.O. and Adegoke, A.A. Incidence of
bacterial septicaemia in Ile-Ife Metropolis,
Nigeria. Malaysian JMicrobiol., 2008; 4(2): 51-

J PURE APPL MICROBIO, 7(2), JUNE 2013.



980

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

ADEGOKE et al.: STUDY OF RARE BACTERIAL MENINGITIS AMONG CHILDREN

61

Dahiru, T. p — value, a true test of statistical
significance? a cautionary note. Ann. lbad.
Postgrad. Med. 2008; 6(1): 21-26.

LaForce, EM. and Okwo-Bele, J.M. Eliminating
Epidemic Group A Meningococcal Meningitis
In Africa Through A New Vaccine. Health Aff.,
2012; 30(6): 1049-1057

Solarsh, G. and Hofman, K.J. Developmental
Disabilities: in Jamison DT, Feachem RG,
Makgoba MW, et al., Disease and Mortality in
Sub-Saharan Africa. 2nd edition. Editors,
Washington DC, 2006.

Corless, C. E., Guiver, M., Borrow, R.,
Edwards-Jones, V., Fox, A. J. and Kaczmarski,
E. B. Simultaneous detection of Neisseria
meningitidis, Haemophilus influenzae, and
Streptococcus pneumoniae in suspected cases
of meningitis and septicemia using real-time
PCR. J Clin Microbiol., 2001; 39: 1553-1558.
Al-Aun, M., AL-Aglouni, S.F., Hazza, I.,
Ahmad, M. and Momani, N. Bacterial meningitis
in children. J Royal Med Services-Jordan, 1994;
1: 23-26.

Marji, S. Bacterial meningitis in children. Rawal
Med J. 2007; 32(2): 109-111.

Baraff, L.J., Bass, J.W., Fleisher, GR., Klein,
J.0., McCracken, G.H., Powell, K.R. and
Schriger, D.L. Practice guideline for the
management of infants and children O to 36
months of age with fever without source. Agency
for Health Care Policy and Research. Ann Emerg
Med. 1993; 22(7):1198-210

Gaviani, P., Silvani, A., Lamperti, E., Botturi,
A., Simonetti, G., Milanesi, L., Ferrari, D. and
Salmaggi, A. Infection in neuro-oncology.
Neurol. Sci. 2011; 32(supp2): 233-236.
Khan, S.A., Hasan, S.A., Capoor, M.R.,
Varshney, M.K. and Trikha, V. Calcaneal
Osteomyelitis Caused by Exophialajeanselmei
in an Immunocompetent Child: A Case Report.
The J Bone Joint Surg. 2007; 89:859-862.
Bukulmez, A., Koken, R., Melek, H., Ozturk,
F., Konakci, R. and Dogru, O. Presumed ocular
tuberculosis in an immunocompetent eight-year-
old boy. Singapore Med J. 2009; 50(3): e120.
Molyneux, E.M., Walsh, A.L. and Forsyth, H.
Dexamethasone treatment in childhood bacterial
meningitis in Malawi: a randomised controlled
trial. Lancet 2002; 360: 211-217.

Beherman, R.E., Kliegman, R.M. and Jenson,
H.B. Acute bacterial meningitis beyond the
neonatal period. Nelson Textbook of Pediatrics.
16th Ed., 2000; 751-757.

Floyd, R.F., Federspiel, C.F. and Schaftner, W.

J PURE APPL MICROBIO, 7(2), JUNE 2013.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Bacterial meningitis in urban and rural
Tennessee. Am. J. Epidemiol.1974; 99(6): 395-
407.

Karpuch, J., Azizi, . and Beer, S. Bacteraemia
among children in hospital. A 4 year prospective
study. J Infect. 1984; 9(2): 139-142.

USAID. Reducing the threat of infectious
diseases of major public health importance:
USAID’s Initiative to Prevent and Control
Infectious Diseases. 1998 <available on http://
www.usaid.gov/ our_work/global_health/id/
idstrategy.pdf> (accessed 12 April 2012).
Bradley, J.S. and Connor, J.D. Ceftriaxone failure
in meningitis caused by Streptococcus
pneumoniae with reduced susceptibility to beta-
lactam antibiotics. Pediatr Infect Dis.J. 1991;
10: 871-3.

Sloas, M. M., Barrett, EF. and Chesney, P.J.
Cephalosporin treatment failure in penicillin-
and cephalosporin-resistant Streptococcus
pneumoniaee meningitis. Pediatr Infect Dis J.,
1992; 11: 662-666.

Texas Hospital. Failure to Rule Out Bacterial
Meningitis. Case Point, 2010July/August
<available at  http://www.thie.com/
reducing_your_risk/case_studies/
Case%20in%20 Point-July-August.pdf>
(accessed 12 April 2012).

Friedland, I.R. and Klugman, K.P. Recurrent
penicillin-resistant pneumococcal meningitis
after chloramphenicol therapy. Pediatr Infect Dis.
J. 1991; 10:705-707.

Friedland, I.R. and Klugman, K.P. Failure of
chloramphenicol therapy in penicillin-resistant
pneumococcal meningitis. Lancet. 1992; 339:
405-8.

Hagihara, M., Crandon, J.L. and Nicolau, D.P.
The efficacy and safety of antibiotic
combination therapy for infections caused by
Gram-positive and Gram-negative organisms.
Exp Opinion on Drug Safety 2012; 11(2): 221-
233.

Boyd, N. and Nailor, D. Combination Antibiotic
Therapy for Empiric and Definitive Treatment
of Gram-Negative Infections: Insights from the
Society of Infectious Diseases Pharmacists.
Pharmacotherapy. J Human Pharmacol. Drug
Ther. 2011; 31(11): 1073-1084.

WHO. Initiative for Vaccine Research. State of
the art of new vaccines: research and
development. 2004; Available at http//
www.who.int/vaccine_research/documents/
new_vaccine/en/.html. Index 7 Accessed June
17, 2004.



