Shrestha et al. BMC Pediatrics (2015) 15:94
DOI 10.1186/512887-015-0416-6

BMC
Pediatrics

RESEARCH ARTICLE Open Access

Bacterial meningitis in children under

15 years of age in Nepal

@ CrossMark

Rajani Ghaju Shrestha', Sarmila Tandukar', Shamshul Ansari®", Akriti Subedi®, Anisha Shrestha', Rekha Poudel?,
Nabaraj Adhikari®, Shital Raj Basnyat® and Jeevan Bahadur Sherchand'

Abstract

disk diffusion method.

was found.

national wide surveillance.

Keywords: Bacteria, Children, Meningitis, Nepal

Background: Bacterial meningitis in children is a life-threatening problem resulting in severe morbidity and
mortality. For the prompt initiation of antibacterial therapy, rapid and reliable diagnostic methods are of utmost
importance. Therefore, this study was designed to find out the rate of bacterial pathogens of meningitis from
suspected cases by performing conventional methods and latex agglutination.

Methods: A descriptive type of study was carried out from May 2012 to April 2013. Cerebrospinal fluid (CSF)
specimens from 252 suspected cases of meningitis were subjected for Gram staining, bacterial culture and latex
agglutination test. The identification of growth of bacteria was done following standard microbiological methods
recommended by American Society for Microbiology. Antibiotic sensitivity testing was done by modified Kirby-Bauer

Results: From the total 252 suspected cases, 7.2 % bacterial meningitis was revealed by Gram staining and culture
methods whereas latex agglutination method detected 5.6 %. Gram-negative organisms contributed the majority of
the cases (72.2 %) with Haemophilus influenzae as the leading pathogen for meningitis. Overall, 33.3 % mortality rate

Conclusions: In conclusion, a significant rate of bacterial meningitis was found in this study prompting concermn for

Background

The presence of microorganisms in normally sterile
body fluid specimens may be representative of life-
threatening infections [1]. Infection of normally sterile
body fluids often results in severe morbidity and mor-
tality; therefore, rapid and accurate microbiological as-
sessment of these specimens is important to successful
patient management. Any microorganism found in a
normally sterile site must be considered significant, and
all isolates must be reported [2].

Bacterial meningitis, an infection of the membranes
(meninges) and cerebrospinal fluid (CSF) surrounding the
brain and spinal cord, is a major cause of death and disabil-
ity worldwide [3]. In recent years, despite improvements in
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antimicrobial therapy and intensive care support, overall
mortality rates related to bacterial meningitis of around 20
to 25 % have been reported by major centers [4, 5]. Early
clinical suspicion and implementation of appropriate anti-
microbial therapy are critical to minimize adverse out-
comes [6—8]. Rapid diagnosis by Gram staining for a
suspected infectious organism from a sterile body fluid is a
major responsibility of clinical microbiology laboratory. In
addition to suggesting a diagnosis, it guides clinicians in
the choice of antibiotics [9-11]. Gram stain usually yields
organisms, allowing presumptive diagnosis in the majority
of cases with sensitivity of greater than 90 %, subsequently
confirmed within 1 or 2 days by culture [12].

The current standard for the identification of bacterial
meningitis in developing countries remains to be micro-
scopic examination and consequent culture of CSF.
However, this approach might have some disadvantages
with regard to the desired rapidity and sensitivity [12],
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and the risk of false negative result is high because only
a small number of microorganisms may be present in
the specimens [13, 14]. An etiological diagnosis of bac-
terial meningitis may be possible in less than 1 hour by
latex agglutination, co-agglutination, or counter-immuno-
electrophoresis. These methods have sensitivity compar-
able to those of microscopy and culture [15-18], but are
considerably less sensitive than Enzyme Linked Immuno-
sorbent Assay (ELISA) or radio-immunoassay [19, 20].
Rapid diagnosis and empirical therapy of meningitis on
the basis of clinical findings are important, because stable
neurological sequel such as hearing loss, mental retard-
ation, seizures, and behavioral changes may occur in up to
one-half of survivors [21].

Therefore, the aim of this study were to document the
bacterial causative agents in suspected meningitis cases
by performing culture and rapid test, their antimicrobial
susceptibility profile and to find out the mortality rate.

Methods

The descriptive type of study was carried out in the
Public Health Research Laboratory, Institute of
Medicine, Tribhuvan University Teaching Hospital
(TUTH), Maharajgunj, Kathmandu during one vyear
period from May 2012 to April 2013. Being the leading in-
stitute of Nepal, TUTH provides the best care at tertiary
level to every patient through integrated clinical services
at an affordable cost to every community of Nepal.

Study populations

A total of 252 CSF specimens, during one year study
period, were collected from the patients of age up to
15 years having clinical features suggestive of meningitis.

Collection and processing of CSF samples

After obtaining the consent, the CSF specimens were
collected by medical officers in a sterile tube. The vol-
ume and gross appearance i.e., consistency, presence of
blood and the color of CSF were noted. CSF specimen
greater than 1 ml was centrifuged at the rate of 2,500
revolutions per minute (rpm) for 10 minutes to concen-
trate if any organisms were present. The sediment was
used for culture as well as for Gram staining. The super-
natant was saved for detection of antigen by latex agglu-
tination commercial kit (BIO-RAD, Pastorex™ Meningitis).
If CSF specimen less than 1 ml was received, the specimen
was inoculated directly to the culture media.

Bacteriological assays

All the specimens were collected from the patients of a
single tertiary care hospital and thus, the specimens
were transported to the laboratory within half an hour.
CSF specimen was inoculated in MacConkey agar (MA),
blood agar (BA) and chocolate agar (CA) plates. The
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MA and BA plates were incubated overnight at 37 °C
aerobically and the CA plates were incubated up to
48 hours at 37 °C in 5 % CO, atmosphere (ie., in a
COs-incubator or a candle-jar) which improved growth
of capnophilic bacteria. The bacterial growth obtained
was examined for colonial as well as Gram staining char-
acteristics and identification was done following standard
microbiological methods recommended by American
Society for Microbiology (ASM) [2]. A purity plate was
employed to ensure that the inoculum used for the bio-
chemical tests was pure. The bacterial growths were also
subjected for the latex agglutination for grouping of bac-
terial strains according to the manufacturer instructions as
described below.

Grouping of Neisseria meningitidis (A, B and C only),
Haemophilus influenzae, Escherichia coli and Streptococcus
pneumoniae

Bacterial suspension was prepared by taking 2—3 colonies
of Neisseria meningitidis (N. meningitidis), Haemophilus
influenzae (H. influenzae) and Escherichia coli (E. coli) and
10-12 colonies of Streptococcus pneumoniae (S. pneumo-
niae) and emulsifying in 30 microlitres (ul) of sterile nor-
mal saline on a disposable card. One drop of latex reagent
was added to the bacterial suspension and mixed properly
using a rod. The whole preparation was then rotated at
120 revolutions per minute (rpm) and observed for the ap-
pearance of any clear agglutination in less than 2 min. The
identification of the species was confirmed using conven-
tional biochemical tests.

Grouping of group B streptococcus (Streptococcus agalactiae)
Five colonies of group B streptococcus were suspended
in 2 ml of Todd Hewitt broth and incubated for 2-3
hours at 37 °C in a water bath. Then, centrifuged for
5 min at 30,000 rpm. One drop of supernatant (4050 pl)
was placed on the disposable card and one drop of latex
reagent was added on the drop of supernatant. The whole
preparation was mixed with a rod and rotated at 120 rpm.
It was observed for the appearance of any clear agglutin-
ation within less than 1 min. The identification of the spe-
cies was confirmed using conventional biochemical tests.

Antibiotic susceptibility test (AST)

All the isolates grown were subjected for antibiotic sus-
ceptibility testing by modified Kirby-Bauer disk diffusion
method in compliance with Clinical and Laboratory
Standards Institute (CLSI) guidelines using Mueller-
Hinton agar standard media. The inhibition zone stan-
dards for antimicrobial susceptibility were considered
from tables of interpretative zone diameters of CLSI [22].
Antibiotic disks (HiMedia Laboratories, Pvt. Limited,
India) used were: ampicillin (10 pg), amoxicillin (10 pg),
chloramphenicol (30 pg), ciprofloxacin (5 pg), rifampicin
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(15 pg), tetracycline (10 pg), imipenem (10 ug), co-
trimoxazole (25 pg), vancomycin (30 pg). Staphylococcus
aureus ATCC 25923 and E. coli 25922 were used as con-
trol organisms for antibiotic susceptibility testing.

Latex agglutination test from the supernatant

Latex agglutination is an immunological technique based
on the detection of soluble antigens released by the
causative organisms into biological fluids like CSF dur-
ing the infection by using latex particles coated with spe-
cific homologous antibodies, permits a more rapid
diagnosis. The soluble antigens that can be detected are
the polysachharides specific for certain serogroups or se-
rotypes: S. pneumoniae (83 types), H. influenzae type b,
N. meningitidis (group A, B, C and Y/W135), E. coli K1,
and group B streptococcus (Streptococcus agalactiae). In
the presence of homologous antibody, latex particles ag-
glutinate, in the absence of antigen they remain in a
homogenous suspension.

In the latex agglutination test, for the detection of an-
tigens, one drop (40-50 pl) of the supernatant of CSF
specimen was taken on agglutination card and one drop
of each latex reagent was added. The specimen and the
reagents were mixed using a rod (separate rod for each
reagent). The whole preparations were then rotated at
120 rpm for 10 min. Any visible agglutination was noted
and considered as positive.

Ethical aspects

The verbal consent in local language for this study was
taken from the guardians of participating children, then,
written informed consent was obtained. This study was
approved by the Institutional Review Committee (IRC)
of Chitwan Medical College, Bharatpur, Chitwan, Nepal.

Data analysis

All the results were entered in the worksheet of statis-
tical package for social science (SPSS) software-16.0 ver-
sion and the results were determined.

Results

Total and positive cases

During one year study period, 252 CSF samples were
collected and processed for the detection of bacterial
pathogens by culture and antigen detection method. The
positive bacterial growth was obtained from 18 (7.2 %)
cases and latex agglutination test for detection of antigen
revealed 14 (5.6 %) positive cases (Table 1).

Age-wise distribution of cases

The highest number of suspected cases were found in
the age group of more than 60 months (36.9 %) followed
by 27.4 % in age group of less than 1 month while the
lowest (10.3 %) was found in the age group of 37-60
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Table 1 Age-wise distribution of total and positive cases

Age group Total suspected cases Positive cases
No. % No. %
<1 month 69 274 5 278
1-12 months 29 11.5 5 27.8
13-36 months 35 139 1 55
37-60 months 26 103 2 11
>60 months 93 369 5 27.8
Total 252 100 18 100

months. Likewise, the highest rate of culture positive
cases were found in the age group of less than 1 month,
1-12 months and more than 60 months with 27.8 % in
each age group while the lowest rate (5.5 %) was ob-
served in age group of 13—36 months (Table 1).

Gender-wise distribution of patients

Among total enrolled cases, in this study, 139 (55.2 %) were
males and 113 (44.8 %) were females. Out of total 18 (7.2
%) positive cases, male and female showed equal distribu-
tion of culture positive cases that is 9 (3.6 %) (Table 2).

Comparison of detection methods

From 252 clinical specimens of CSE, examined for Gram
staining, culture and latex agglutination test, Gram stain-
ing and culture detected 18 (7.1 %) positive cases whereas
latex agglutination test detected 14 (5.6) specimens posi-
tive for bacterial antigen. All latex agglutination test posi-
tive cases showed bacterial growth in culture (Table 3).

Distribution of bacterial isolates

Gram-positive as well as Gram-negative organisms were
isolated from CSF specimens. Gram-negative aerobic rods
accounted for 11 cases (61.1 %) and Gram-negative cocci
occupied 2 cases (11.1 %) while Gram-positive cocci con-
stituted the remaining 5 cases (27.8 %). The highest fre-
quency and distribution was shown by H. influenzae (38.9
%) followed by group B streptococcus and E. coli each con-
stituting 16.7 % while Pseudomonas spp. was found in 1
(5.5 %) case (Table 4).

Antibiotic susceptibility pattern of isolates
Among the various antibiotics tested, tetracycline was

found the most effective drug against Gram-positive as

Table 2 Gender-wise distribution of total and positive cases

Sex Total suspected cases Positive cases

No. % No. %
Male 139 55.2 9 36
Female 113 44.8 9 36
Total 252 100 18 7.2
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Table 3 Comparison of different methods for the detection of
positive cases

Method No. of specimens No. of positive cases (%)
Gram staining 252 18(7.2)
Culture 252 18 (7.2)
Latex agglutination 252 14 (5.6)

well as Gram-negative isolates. Resistance to tetracycline
was only noted in H. influenzae (14.3 %). All of the S.
pneumoniae, E. coli and Pseudomonas spp. were suscep-
tible to chloramphenicol and ciprofloxacin while consid-
erable rate of resistance (50 %) to ceftriaxone was only
found in S. pneumoniae (Table 5).

Mortality rate

Among total positive cases, mortality rate was found to
be 33.3 %. Half (50 %) of the cases infected with N.
meningitidis and S. pneumoniae were died followed by
H. influenzae (42.9 %) and E. coli (33.3 %) (Table 6).

Discussion

The meningitis can be caused by bacterial or viral patho-
gens but the viral meningitis is usually less severe and its
frequency increases slightly in the summer months be-
cause of greater exposure to viruses [23]. Despite ad-
vances in management, bacterial meningitis remains a
life threatening infection with high rates of morbidity
and mortality [24]. Early clinical suspicion and imple-
mentation of appropriate antimicrobial therapy are crit-
ical to minimize adverse outcomes. CSF culture is
considered the diagnostic reference standard for bacter-
ial meningitis, and bacterial isolation is important for
antimicrobial susceptibility testing and molecular epi-
demiology [6-8]. Molecular techniques are quickly be-
coming the gold standard for both bacterial and viral
meningitis but these methods are not easily available in

Table 4 Age wise distribution of bacterial isolates
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Nepal because of their high cost. Therefore, standard
used for our comparisons was a positive result by any of
the three test methods i.e. by Gram’s staining method,
CSF culture and latex agglutination. Of the 252 CSF
samples, only 18 (7.2 %) revealed significant growth in
this study. In similar studies conducted in Nepal, signifi-
cant growths of various isolates were also detected by
Shah et al. (3.7 %) in 2001 [25] and Ansari et al. (4.4 %)
in 2011 [26]. Proportionately, a high rate of bacterial
growth (17.7 %) was detected by Wu et al. in 2013 [27].
The rate of positive yield of bacterial meningitis depends
on a number of factors for examples, the time of lumber
puncture, the probable number of bacteria in Gram’s
stained preparation of CSF and the antibacterial therapy
prior to lumberpuncture [28].

In this study, among the enrolled cases, up to
12 months of age was found to be the most vulnerable
age group in children accounting for 55.6 % of total
positive cases. Similarly, the higher rate of meningitis
(32.1 %) was also detected in children of 6—12 months
of age by Joshi Batajoo from Nepal [29]. The higher rate
of meningitis in early age children may be because of
the underdeveloped immune system.

Bacteriological profile (Gram staining and culture re-
sult) of CSF facilitates the choice of antibiotic therapy
[30]. CSEF culture sensitivities typically range between 70
to 90 % [6—8] with variation in case inclusion criteria, pa-
tient characteristics, laboratory practices, and spectrum of
bacterial pathogens likely contributing to the observed dif-
ferences [27]. Gram staining, a mainstay of bacterial men-
ingitis diagnosis, is widely available, inexpensive and rapid
[24]. Some authors recommend using latex agglutination
tests to detect bacterial capsular antigens in patients with
suspected bacterial meningitis who have been receiving
antibiotics at the time the lumbar puncture is performed.
These tests are not specific, however, and they identify
very few cases of bacterial meningitis not already detected
by CSF culture [31]. In our study, the latex agglutination

Organisms <1 month 1-12 months 13-36 months 37-60 months >60 months Total
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Gram-positive 3 (60) 0 1 (20) 0 1 (20) 5(27.8)
Group B streptococcus 1(333) 0 1(33.3) 0 1(33.3) 3(16.7)
S. pneumoniae 2 (100) 0 0 0 0 2(11.1)
Gram-negative 2 (154) 5(385) 0 2 (154) 4 (30.8) 13 (72.2 %)
H. influenzae 2 (286) 3 (42.8) 0 1(14.3) 1(14.3) 7 (389)
N. meningitidis 0 0 0 0 2 (100) 2(11.1)
E. coli 0 2 (66.7) 0 0 1(333) 3(16.7)
Pseudomonas spp. 0 0 0 1 (100) 0 1(5.5)
Total 5(27.8) 5(27.8) 1(5.5) 2(11.1) 5(27.8) 18 (100)




Shrestha et al. BMC Pediatrics (2015) 15:94

Table 5 Antibiotic resistance rate of different isolates
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Antibiotics S. pneumoniae (2) Group B streptococcus (3) H. influenzae (7) N. meningitidis (2) E. coli 3) Pseudomonas spp. (1)
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Ampicillin 2 (100) - 2 (286) 2 (100) - -
Ceftriaxone 1 (50) 0 (14.3) 0 0 0
Chloramphenicol 0 1(333) (14.3) 1.(50) 0 0
Ciprofloxacin 0 1(33.3) (429 0 0 0
Rifampicin - - (28.6) 0 - -
Amoxicillin - - (14.3) - - -
Tetracycline 0 0 (14.3) - 0 0
Imipenam - - 0 1(33.3) 0
Cotrimoxazole 2 (100) 2 (66.7) 3 (42.9) 2 (100) 2 (66.7) 1 (100)
Vancomycin 0 1(33.3) - - -

test showed sensitivity of 77.8 % when compared with
Gram staining and bacterial culture. This may be due to
that currently available latex agglutination antigen detec-
tion test kits have several limitations [32—34]. Despite it is
simple to perform, does not require special equipment,
and is rapid (results are available in <15 min). Depending
on the meningeal pathogen, latex agglutination has shown
good sensitivity in detecting the antigens of common
meningeal pathogens: 78-100 % for H. influenzae type b,
67-100 % for S. pneumoniae, 69—100 % for S. agalactiae,
and 50-93 % for N. meningitidis. However, a negative bac-
terial antigen test result does not rule out infection caused
by a specific meningeal pathogen [35].

Etiology of bacterial meningitis varies from place to
place [36, 37]. Of the 252 samples being only 7.2 % cul-
ture positivity, Gram-positive bacteria was isolated from
5 (27.8 %) of culture positive cases and Gram-negative
from 13 (72.2 %) cases which was in accordance with
the study conducted by Ghotaslou et al. from Iran in
2012 [38].

In infants and young children worldwide, S. pneumoniae
is the common Gram-positive agent for bacterial meningi-
tis whereas N. meningitidis and H. influenzae type b (Hib)
are the most common Gram-negative causes of bacterial

Table 6 Mortality rate among culture positive cases

Organisms Total positive cases Live Death
No. No. (%) No. (%)

H. influenzae 7 4 (57.1) 3 (42.9)

N. meningitidis 2 1 (50.0) 1 (50.0)

S. pneumoniae 2 1 (50.0) 1 (50.0)

Group B streptococcus 3 3 (100) 0

E. coli 3 2 (66.7) 1(333)

Pseudomonas spp. 1 1 (100) 0

Total 18 12 (66.7) 6 (333)

meningitis. Among children older than 5 years of age and
adolescents, S. pneumoniae and N. meningitidis are the
predominant causes of bacterial meningitis [39, 40].
Immunization is the most effective means of prevention of
bacterial meningitis in children. Universal immunization
with the conjugated vaccines has been associated with a
reduction of more than 99 % in invasive diseases caused
by H. influenzae type b in developed countries [41]. The
costs and implementation of these vaccines in developing
countries pose daunting problems. The Child Health
Division (CHD) of the Department of Health Services
(DOHS) of Nepal introduced its regular immunization
program by November of 2014 to prevent pneumonia and
meningitis caused by 23 pneumococcal strains out of more
than 80 strains. But it was not possible to cover the whole
nation at once [42]. Among culture positive organisms, H.
influenzae (38.9 %) was reported as a leading cause of
meningitis followed by group B streptococcus (16.1 %) and
E. coli (16.1 %) in this study. Out of 7 H. influenzae posi-
tive cases, 5 (71.4 %) was detected in children below
12 months. Despite of the H. influenzae type b (Hib) vac-
cination, it has been found as a leading cause of meningi-
tis. The vaccination coverage and H. influenzae capsular
types other than b could be the reason. However, the in-
creased rate in some ethnic groups and some families, and
the observation that siblings of patients with meningitis
can have deficient antibody synthesis against H. influen-
zae, indicate that genetic predisposition to infection prob-
ably exists [43]. The risk of acquiring a secondary case of
haemophilus or meningococcal disease is greatly increased
after exposure to primary infection in the household [44].
Although, group B streptococcus is a leading cause of
meningitis in neonates, this organism has been recognized
with increasing frequency as a substantial cause of menin-
gitis in later age groups [45]. In this study, we also identi-
fied a single case of meningitis with group B streptococcus
in later age group. It has been defined that the serious
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underlying diseases could be the reason but in this study
we could not evaluate the predisposing factors for the
meningitis by group B streptococcus.

Once the bacterial meningitis is suspected, there
should be no delay in starting appropriate empiric anti-
biotics. This requires knowledge of the likely pathogens
and their antibiotic susceptibilities. In this study, the an-
tibiotics like tetracycline, chloramphenicol and ciproflox-
acin were found most effective against Gram-positive as
well as Gram-negative whereas, vancomycin was most
effective against Gram-positive while ceftriaxone was the
most effective against Gram-negative isolates. The result
of our study corroborates with Mastro et al. (1991) who
reported only 2.8 % of strains resistance to chloram-
phenicol [46]. Ampicillin and cotrimoxazole were the
least effective antibiotics against the isolates. All S. pneu-
moniae and N. meningitidis isolates were resistant to
ampicillin and cotrimoxazole in our study. By contrast,
higher resistance rate (64.1 %) to cotrimoxazole was also
reported by Saha et al. in 1997 from Nepal [47]. The in-
creased rate of cotrimoxazole resistance can be possibly
be correlated with the wide use of this antibiotic in the
communities because of its dose convenience, cost ef-
fectiveness, easy availability and the practice of prescrib-
ing it to treat suspected bacterial pneumonia cases.

Out of 18 infected children, 6 (33.3 %) children died
from the bacterial meningitis. Case-fatality rate was most
common in meningitis caused by Neisseria spp. (50.0 %)
and S. pneumoniae (50.0 %) followed by H. influenzae
(42.9 %) and E. coli (33.3 %) in this study. The mortality
rate of 4 to 10 % due to bacterial meningitis in children
has been revealed in more recent studies [48] however, a
similar high mortality rate of 48 % was also detected in a
study by Al-Harthi et al. from Saudi Arabia [49].

A differential diagnosis of meningitis requires the dif-
ferentiation of viral, tuberculous and acute bacterial
meningitis and prevention from transmission of dis-
eases, vaccination against the organism, their chemo-
prophylaxis are suggested in order to prevent the
disease from being transmitted as well as a cause for
mortality of children.

Conclusion

The bacterial meningitis is abundant in children up to
15 years of age as revealed in the present study. A variety
of Gram positive as well as Gram negative organisms
was documented. This situation calls for the longitudinal
nation-wide surveillance for bacterial meningitis to
document the real scenario regarding prevalent strains
of bacterial pathogens in order to implement or change the
vaccine types. We also recommend health education of the
public to improve awareness on adequate immunization
and appropriate drug management.

Page 6 of 7

Competing interests
The authors declare that they have no competing interests concerning the
work reported in this paper.

Authors’ contributions

RGS, NA, SRB and JBS conceived the design of the study. RGS prepared the
questionnaire. RGS, AS” and AS received the collected specimens and
transported to the laboratory. RGS, SA, AS” and AS processed the specimens.
RGS, ST, SA, RP and NA analyzed the results. RGS, ST, RP and NA prepared the
initial draft of the manuscript. RGS, ST and SA searched the scientific literatures.
RGS, ST, SA and NA prepared the final draft of manuscript. (AS": Akriti Subedi,
AS: Anisha Shrestha). All authors read and approved the final manuscript.

Acknowledgements

The authors express their sincere thanks to all the participating children of
this study. The authors also express special thanks to Public Health Research
Laboratory of TUTH for providing the platform for this study.

Author details

'Public Health Research Laboratory, Institute of Medicine, Maharajgunj,
Kathmandu, Nepal. “Department of Microbiology, Chitwan Medical College,
Bharatpur, Chitwan, Nepal. *Kantipur College of Medical Science, Sitapaila,
Kathmandu, Nepal. “Central Department of Microbiology, Tribhuvan
University, Kirtipur, Kathmandu, Nepal.

Received: 24 December 2014 Accepted: 13 August 2015
Published online: 19 August 2015

References

1. Robertson CK, Dahlberg SE, Edberg SC. Clinical and laboratory analyses of
cytospin-prepared Gram stains for recovery and diagnosis of bacteria from
sterile body fluids. J Clin Microbiol. 1992;30:377-80.

2. lsenberg HD. Clinical Microbiology Procedures Handbook. 2nd ed.
Washington DC: ASM press; 2004.

3. World Health Organization (WHO) meningitis manual. : Laboratory Methods
for the Diagnosis of Meningitis caused by Neisseria meningitidis,
Streptococcus pneumoniae, and Haemophilus influenzae, second edition,
2011,

4. Durand ML, Calderwood SB, Weber DJ, Miller SI, Southwick FS, Caviness VS,
et al. Acute bacterial meningitis in adults: A review of 493 episodes. N Engl
J Med. 1993;328:21-8.

5. Sigurdardottir B, Bjornsson OM, Jonsdottir KE, Erlendsdottir H,
Gudmundsson S. Acute bacterial meningitis in adults: A 20-year overview.
Arch Intern Med. 1997;157:425-30.

6. Andersen J, Backer V, Voldsgaard P, Skinhoj P, Wandall JH. Acute meningococcal
meningitis: analysis of features of the disease according to the age of 255
patients. Copenhagen Meningitis Study Group. J Infect. 1997,34:227-35.

7. BohrV, Rasmussen N, Hansen B, Kjersem H, Jessen O, Johnsen N, et al. 875 Cases
of bacterial meningitis: diagnostic procedures and the impact of preadmission
antibiotic therapy. Part Ill of a three-part series. J Infect. 1983;7:193-02.

8. Bryan JP, de Silva HR, Tavares A, Rocha H, Scheld WM. Etiology and
mortality of bacterial meningitis in northeastern Brazil. Rev Infect Dis.
1990;12:128-35.

9. lIsenberg HD, Washington Il JA, Balows A, Sonnenwirth AC. Collection,
handling and processing of specimens. In: Lennette EH, Balows A, Hausler Jr
W, Shadomy HJ, editors. Manual of clinical microbioloby. 4th ed.
Washington DC: American Society for Microbiology; 1985. p. 73-98.

10. Isenberg HD, Baron EJ, D'Amato RF, Johnson RC, Murray PR, Rodgers FG,
et al. Recommendations for the isolation of bacteria from clinical
specimens. In: Balows A, Hausler Jr WJ, Herrmann KL, Isenberg HD,
Shadomy HG, editors. Manual of clinical microbiology. 5th ed. Washington
DC: American Society for Microbiology; 1991. p. 216-21.

11, Lauer BA, Reller LB, Mirrett S. Comparison of acridine orange and Gram
stains for detection of microorganisms in cerebrospinal fluid and other
clinical specimens. J Clin Microbiol. 1981;14:201-05.

12. Dunbar SA, Eason RA, Musher DM, Clarridge Il JE. Microscopic examination
and broth culture of cerebrospinal fluid in the diagnosis of meningitis.

J Clin Microbiol. 1998;36:1617-20.

13. Angeloni S, Nicoloni G, Merli M. Validation of automated blood cell counter

for the determination of polymorphonuclear cell count in the ascitic fluid of



Shrestha et al. BMC Pediatrics (2015) 15:94

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

cirrhotic patients with or without spontaneous bacterial peritonitis. Am J
Gastroenterol. 2003,98:1844-48.

Vetter E, Torgerson C, Feuker A. Comparison of the BACTEC MYCO/F Lytic
Bottle to the Isolator Tube, BACTEC Plus Aerobic F/Bottle, and BACTEC
Anaerobic Lytic/10 Bottle and Comparison of the BACTEC Plus Aerobic F/Bottle
to the Isolator Tube for Recovery of Bacteria, Mycobacteria, and Fungi from
Blood. Mayo Clinic and Foundation Rochester. 2001;55905.

Colding H, Lind I. Counter-immuno-electrophoresis in the diagnosis of
bacterial meningitis. J Chin Microbiol. 1977,5:406-09.

Coonrod JD, Rytel MW. Determination of aetiology of bacterial meningitis
by counter-immuno-electrophoresis. Lancet. 1972;1(7761):1154-57.

Forre O, Gaustad P. An evaluation of two immunological methods in the
diagnosis of bacterial meningitis: the effect of ultrasonic treatment of
cerebrospinal fluid. Scand J Infect Dis. 1977,9(4):285-88.

Kaldor J, Asznowicz R, Buist DGP. Latex agglutination in diagnosis of
bacterial infections, with special reference to patients with meningitis and
septicemia. Am J Clin Pathol. 1977,68:284-89.

Beuvery EC, van Rosum F, Lauwers S, Coignau H. Comparison of
counterimmunoelectrophoresis and ELISA for diagnosis of bacterial
meningitis. Lancet. 1979;1(8109):208.

Oxenhandler RW, Adelstein EH, Rogers WA. Rheumatoid factor: a cause of
false positive histoplasmin latex agglutination. J Clin Microbiol. 1977,5:31-3.
Saravolatz LD, Manzor O, VanderVelde N, Pawlak J, Belian B. Broad-range
bacterial polymerase chain reaction for early detection of bacterial
meningitis. Clin Infect Dis. 2003;36(1):40-54.

Clinical and Laboratory Standard Institute (CLSI). Performance standards for
antimicrobial susceptibility testing. Wayne, PA, USA: CLSI; 2006. p. M100-S16.
Meningitis in children. http://www.emedicinehealth.com/
meningitis_in_children/article_em.htm.

Brouwer MC, Tunkel AR, Van de Beek D. Epidemiology, diagnosis, and
antimicrobial treatment of acute bacterial meningitis. Clin Microbiol Rev.
2010;23:467-92.

Shah AS, Knoll MD, Sharma PR, Moisi JC, Kulkarni P, Lalitha MK, et al.
Invasive pneumococcal disease in Kanti Children’s Hospital, Nepal as
observed by the South Asian Pneumococcal Alliance Network. Clin Infect
Dis. 2009;48:123-28.

Ansari |, Pokhrel Y. Culture proven bacterial meningitis in children-agents,
clinical profile and outcome. Kathmandu Univ Med J. 2011;33(1):36-40.

Wu HM, Cordeiro SM, Harcourt BH, Carvalho M, Azevedo J, Oliveira TQ, et al.
Accuracy of real-time PCR, gram stain and culture for Streptococcus
pneumoniae, Neisseria meningitidis and Haemophilus influenzae meningitis
diagnosis. BMC Infect Diseases. 2013;13:26.

Kanegaye JT, Soliemanzadeh P, Bradley JS. Lumbar puncture in pediatric
bacterial meningitis: defining the time interval for recovery of cerebrospinal
fluid pathogens after parenteral antibiotic pretreatment. Pediatrics.
2001;108:1169-74.

Joshi Batajoo R, Rayamajhi A, Mahaseth C. Children with First Episode of
Fever with Seizure: Is Lumbar Puncture Necessary? J Nepal Med Assoc.
2008;47(171):109-12.

Scolea LJ, Dryja D. Quantitation of bacteria in cerebrospinal fluid and blood
of children. BMC Infect Diseases. 1984;13:26.

Nigrovic LE, Kuppermann N, McAdam AJ, Malley R. Cerebrospinal latex
agglutination fails to contribute to the microbiologic diagnosis of
pretreated children with meningitis. Pediatr Infect Dis J. 2004;23:786-88.
Jenkins P, Barnes RA, Coakley WT. Detection of meningitis antigens in buffer
and body fluids by ultrasound-enhanced particle agglutination. J Immunol
Methods. 1997;205:191-200.

Jones DE, Kanarek KS, Angel JL, Lim DV. Elimination of multiple reactions of
the Phadebact Streptococcus coagglutination test. J Clin Microbiol.
1983;18:526-28.

Wasilauskas BL. Staphylococcal coagglutination methods for rapid microbial
detection and identification. Lab Med. 1981;12:411-14.

Gray LD, Fedorko DP. Laboratory diagnosis of bacterial meningitis.

Clin Microbiol Rev. 1992;5:130-45.

Alborzi A, Vahedi F, Karimi A, Azmoodeh M, Labaf R, Kadivar MR, et al.
Bacterial etiology of acute childhood meningitis in Shiraz Iran: incidence
clinical pictures, complication and antibiotic sensitivity pattern. Iran J Infect
Dis Trop Med. 2002;7(18):26-31.

Pollard AJ, Probe G, Trombley C, Castell A, Whitehead S, Bigham JM, et al.
Evaluation of a diagnostic polymerase chain reaction assay for Neisseria

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

Page 7 of 7

meningitidis in North America and field experience during an outbreak.
Arch Pathol Lab Med. 2002;126(10):1209-15.

Ghotaslou R, Farajnial S, Yeganeh F, Oskouei SA, Rezaee MA, Barzegar M.
Detection of acute childhood meningitis by PCR, culture and agglutination
tests in Tabriz. Iran Acta Medica Iranica. 2012;50(3):192-96.

Schuchat A, Robinson K, Wenger JD, Harrison LH, Farley M, Reingold AL,

et al. Bacterial meningitis in the United States in 1995. Active Surveillance
Team. N Engl J Med. 1997,337:970-76.

Dawson KG, Emerson JC, Burns JL. Fifteen years of experience with bacterial
meningitis. Pediatr Infect Dis J. 1999;18:816-22.

CDC. Progress toward elimination of Haemophilus influenzae type b invasive
disease among infants and children: United States, 1998-2000. MMWR.
2002;51:234-39.

Republica. Government to introduce pneumococcal vaccine.
http://www.myrepublica.com/portal/index.php?action=news_
details&news_id=77283.

Fraser DW, Darby CP, Koehler RE, Jacobs CJ, Feldman RA. Risk factors in
bacterial meningitis. J Infect Dis. 1973;127:271-77.

Shapiro ED. Prophylaxis for contacts of patients with meningococcal or
Haemophilus influenzae type b disease. Pediatr Infect Dis. 1982;1:132-38.
Domingo P, Barquet N, Alvarez M, Coll P, Nava J, Garau J. Group B
Streptococcal Meningitis in Adults: Report of Twelve Cases and Review.
Clin Infect Dis. 1997;25:1180-87.

Mastro TD, Gafoor A, Khalid N. Resistance of pneumococci in children with
acute lower respiratory tract infection in Pakistan. Lancet. 1991;337:156-59.
Saha SK; Rikitomi N, Biswas D. Serotypes of Streptococcus pneumoniae
causing invasive childhood infections in Bangladesh, 1992 to 1995. J Clin
Microbiol. 1997;35:785-87.

Kornelisse RF, Westerbeek CM, Spoor AB, van der Heijde B, Spanjaard L,
Neijens HJ, et al. Pneumococcal meningitis in children: prognostic indicators
and outcome. Clin Infect Dis. 1995;21:1390-97.

Al-Harthi AA, Dagriri KA, Asindi AA, Bello CS. Neonatal meningitis.
Neurosciences. 2000;5(3):162-65.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central



http://www.emedicinehealth.com/meningitisinchildren/page2_em.htm
http://www.emedicinehealth.com/meningitisinchildren/page2_em.htm
http://www.myrepublica.com/portal/index.php?action=news_details&news_id=77283
http://www.myrepublica.com/portal/index.php?action=news_details&news_id=77283

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study populations
	Collection and processing of CSF samples
	Bacteriological assays
	Grouping of Neisseria meningitidis (A, B and C only), Haemophilus influenzae, Escherichia coli and Streptococcus pneumoniae
	Grouping of group B streptococcus (Streptococcus agalactiae)

	Antibiotic susceptibility test (AST)
	Latex agglutination test from the supernatant
	Ethical aspects
	Data analysis

	Results
	Total and positive cases
	Age-wise distribution of cases
	Gender-wise distribution of patients
	Comparison of detection methods
	Distribution of bacterial isolates
	Antibiotic susceptibility pattern of isolates
	Mortality rate

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



