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Pneumococcal meningitis is the most important cause of community-acquired meningitis in children resulting
in high morbidity and mortality worldwide. This study aimed to evaluate immunochromatographic test
(ICT), a rapid detection method, for pneumococci in cerebrospinal fluid (CSF) and also to assess antibiotic
susceptibility pattern of the clinical isolates. The findings of CSF-ICT of suspected meningitis cases were
also compared with the results of CSF culture, latex agglutination test (LAT) and polymerase chain reaction
(PCR). Among these diagnostic methods, ICT and PCR showed 100% specificity. A total of 401 CSF specimens
were cultured but culture positivity was observed with 55 (13.7%) cases in which Streptococcus pneumoniae was
identified from 20 (36.4%) culture-positive cases. A remarkably high resistance rate to gentamicin (95%) and
cotrimoxazole (60%) among the invasive strains of S. pneumoniae was observed, while none of the isolates
exhibited resistance to penicillin, ceftriaxone and chloramphenicol by disk diffusion test. Minimum inhibitory
concentration (MIC) showed similar susceptibility pattern. The invasive strains (n = 18) belonged to 9
different serotypes including 1, 2, 4, 34, 12A, 38, 19F, 35A and 45. The prevalent serotypes were 2 (23.5%),
1 (17.6%) and 45 (11.8%). The study shows that a remarkable proportion of meningitis cases in children are
caused by S. pneumoniae. Diagnostic methods like ICT and PCR can be considered as effective methods for the
detection of pneumococcal meningitis even with the patients who have been treated with empirical antibiotics.
Ceftriaxone is a safe choice for empirical therapy, while the use of cotrimoxazole for the treatment of
meningitis infections is debatable.
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Introduction potentially devastating effects of this disease necessitate early

Meningitis receives a high level of medical, public health and ~ diagnosis and immediate treatment’. Rapid identification has

media attention because of its rapid onset and high level of
morbidity and mortality!-2. Apart from epidemic, at least 1.2 million
cases of meningitis are estimated to occur every year with 135,000
deaths!. Acute bacterial meningitis is seen more in children than
adults and it is caused by a variety of microorganisms; the most
important among them are Haemophilus influenza, Neisseria
meningitides and Streptococcus pneumoniae3-3. The prevalence
of these organisms varies from place to place, by age and
season>>%, The specific pathogen causing bacterial meningitis
varies around the World>>-7. Various factors that determine the
outcome of the disease are age, early diagnosis, early treatment,

duration of treatment and type of microorganism’.

The exact actiological diagnosis is often not possible because of
poor culture facilities®. The rapid progression of symptoms and

important public health implications, particularly with regard to
case contact management, detection and evaluation of clusters
of cases and intervention of outbreaks'®. Developments in
pneumococcal polysaccharide protein conjugate vaccines have
increased the need for accurate laboratory confirmation of these
infections in order to monitor the effect of vaccine implementation
and their continuing efficacy'!.

In many cases of meningitis it was evident that specimen was
collected after the patient received antibiotic!2. Detection of
aetiology of these cases by culture method, which is considered as
‘gold standard’, becomes difficult!2. For such instances alternate
methods should be employed including detection of antigen by
latex agglutination test (LAT)!3, or detection of the Lyt A gene by
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polymerase chain reaction (PCR)!%14, LAT is an expensive method,
while PCR is considered as standard but is still not accessible for
rapid diagnosis because it is an expensive method. Another method
is immunochromatographic test (ICT), initially developed to detect
pneumococcal antigen in urine collected from patients with invasive
pneumococcal disease!®. On the other hand, this test can be used
for identifying the presence of antigen in CSF with 95-100%
sensitivity and 100% specificity for pneumococcal meningitis when
compared with CSF culture!+1©,

Another concern that becomes a threatening problem is the
resistance or decreased susceptibility to antibiotics among the
clinical isolates of S. pneumoniae, which increased dramatically
in the last decade?!7-1®, Bangladesh is not devoid of this situation
due to the worldwide migration of the antibiotic resistant clones
of S. pneumoniae along with the migration of the pneumoccoccal
carrier or pneumoccoccal infected individuals'®. A preliminary
report from Bangladesh showed that 10% of S. pneumoniae
strains were resistant to penicillin®. If the this rate of antibiotic
resistance continues, all the antibiotics designed for
S. pneumoniae will be ineffective against pneumococcal infection
and that would be a threatening condition for the human health.
But studies on the prevalence, serotypes and detection of
antibiotic resistant clones and their distribution are few in
Bangladesh. To understand this crucial problem, it is necessary
to know the prevalence of pneumococcal meningitis, their
antibiotic resistance and prevalent serotypes in Bangladesh.

The purpose of this study was to detect S. pneumoniae from
pyogenic cases of meningitis by culture and rapid methods and
to determine the degree of susceptibility to commonly used
antimicrobial agents. We also assessed the prevalence of different
S. pneumoniae serotypes isolated form cerebrospinal fluid (CSF)
specimens.

Materials and Methods

Study population

During a 14-month period in the year 2004-2005, 401 children with
suspected meningitis (age group: 2 to 5 years) were included.
Patients who had pyogenic meningitis (CSF containing >100
WBC/mm? with 50% neutrophils and/or growth of the organism
in culture) were studied.

Clinical specimens

Cerebrospinal fluid (CSF) specimens were collected aseptically in
sterile tube by lumber puncture from 3 and 4™ lumber region by
needle aspiration by physician.

Routine analysis of CSF specimen

CSF specimen was examined and evaluated biochemically and
cytologically by following standard procedure as described
previously?!.

Isolation of bacteria

Conventional method was followed for isolation of the bacteria.
CSF specimen (100 pl) was centrifuged at 2,000 rpm for 20 min and
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the sediment was inoculated with a bacteriological loop on
trypticase soy agar plate containing 5% sheep blood. The
inoculated plates were incubated in a candle extinction jar for
24-72 h at 37°C. S. pneumoniae showed characteristic colonies
on blood agar, which were further identified by standard
methods??.

Latex agglutination test (LAT)

LAT was done according to the manufacture’s instruction (Remel,
Inc, Lenexa, KS, USA). Reading of agglutination was taken by
mixing 40 pl of boiled CSF and one drop of test latex on the
specified circle of the supplied paper slide and then mixed on a
shaker for 3 min. The result of LAT was considered positive when
agglutination occurred.

Immunocromatographic test (ICT)

ICT was performed using ICT kit (Binax NOW Streptococcus
pneumoniae Antigen Test; Binax Inc, Portland, ME, USA)
according to the manufacturer’s instruction. For CSF sample, a
swab was dipped into the specimen, and then it was inserted into
the test device. Reagent A, a buffer solution, was added from a
dropper bottle and the device was closed that made the sample
connected to the test strip. Antigens of pneumococcus, present
in positive samples, bound to immobilized S. pneumoniae
antibody and formed detectable purple line within 15 min, which
was read visually.

Polymerase chain reaction (PCR)

PCR was done for the detection of Lyt A gene by using the primers
described previously!'4. DNA was extracted by boiling 200 pl of
CSF specimen for 5 min. A 5-pl aliquot was mixed with PCR master
mix containing 2.5 pl of 10x reaction buffer, 2.0 ul (2.5 mM) of each
deoxynucleotide triphosphate, 0.125 pl (5 Units/ul) of Taq
polymerase, 0.025 pl of LytAg, 0.025 of LytA, (0.1 uM) and 20.3 pl
of dH,O (Takara Bio Inc, Shiga, Japan). PCR conditions were
94°C for 2 min, followed by 30 cycles of 94°C for 30 sec, 55°C for
30 sec and 72°C for sec in a Px2 thermal cycler (Thermo Electron
Co., Needham Heights, MA, USA). Further extension was done
at 72°C for 10 min. Amplicons were visualized under UV
fluorescence following electrophoresis in 3% agarose (Invitrogen,
Carlsbad, CA, USA) and stained with ethidium bromide. Positive
controls of DNA from standard strains of S. pneumoniae as well
as negative controls were included in each assay.

Antimicrobial susceptibility

Disk diffusion test for different antimicrobials was done by
following the recommendation of the National committee for
Clinical Laboratory standards®”. Antimicrobial disks used included
penicillin G (10 IU), ampicillin (10 pg), erythromycin (15 pg),
cotrimoxazole (25 ng), chloramphenicol (30 pg), gentamicin
(10 pg) and ciprofloxacin (5 pg). Minimum inhibitory
concentrations (MICs) of penicillin, ampicillin, ceftriaxone,
cotrimoxazole, chloramphenicol and erythromycin for the isolated
strains were determined by E-test>?3. The test was performed on
Mueller-Hinton agar supplemented with 5% defibrinated sheep
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blood. Inoculum was prepared in Mueller-Hinton broth by direct
suspension of pneumococcal colonies grown overnight on sheep
blood agar and matched to a 0.5 McFarland opacity standard
tube as described by Jorgensen et al.?,

Serotyping

Isolated invasive strains of pneumococci were serotyped by
following capsular swelling procedure (Quellung reaction) with
type-specific anti-pneumococcal omni, pool, type or group, and
factor sera (Statens Seruminstitute, Denmark)>. ATCC strains
6314, 6301, and 10341 were used as known control strains.
Nontypeable S. pneumoniae strains were screened out with omni
sera at the first step of serotyping.

Results and Discussion

Acute bacterial meningitis continues to be a major health concern
with a fatality rate of more than 30% in some studies!. Although
the countenance of bacterial meningitis has changed substantially
over the past 15 years, this disease still causes significant
mortality, particularly in developing countries, and neurological
sequelae?®. Several current studies showed difference in
susceptibility pattern of S. pneumoniae and H. influenzae, another
important causative agent of pyogenic meningitis>!4?7. Based
on these data the empirical treatment strategy for meningitis differs.

In this study, cerebrospinal fluid (CSF) of 401 patients (age
between 2 and 5 years) were evaluated by lumber puncture for
clinical doubt of meningitis at Dhaka Shishu (Children) Hospital
from 2004-2005. Figure 1 shows the sensitivity of different
methods for detecting the pneumococcus isolates from the
specimen. Among 401 meningitis cases, 55 (13.7%) were culture
positive, which included 20 (36.4%) positive cases for
S. pneumoniae. Overall, 25 (6.2% of 401) cases of pneumococcal
meningitis were identified, including culture-positive cases
(n = 20) and culture-negative but PCR (Lyt A) positive cases
(n=15). Thus, sensitivity of culture for identifying S. pneumoniae
was 80% (20 of 25). The ICT was positive within 3 min for all of
the pneumococcal cases (n = 25). Thus, sensitivity of ICT was
100% (25/25) for detection of S. pneumoniae. On the other hand,
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Figure 1. Sensitivity of various methods for the detection of
Streptococcus pneumoniae. LAT: latex agglutination test; ICT:
Immunocromatographic test.

ICT results for the CSF specimens that were culture positive for
other organisms (n = 30) were negative. Thus, specificity of ICT
was also 100% (Figure 1). Detection of LytA gene by PCR was
done for all the 25 samples and the LytA was detected from all
(100%) of these samples (Figure 2).
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Figure 2. Agarose gel electrophoresis showing amplified
products of DNA (Lyt A gene) obtained from Streptococcus
pneumoniae.

This study focused that the ICT test was 100% sensitive for
detection of pneumococcal meningitis case specificity compared
with the non-pneumococcal cases proved by either culture or
LAT or PCR. This findings of this study are similar to those of
previous studies!4.

Following diagnosis of meningitis empirical therapy is given to
the patients in order to reduce the mortality and morbidity. In
spite of the cases of potent antibiotics and improved management
of'the critically ill, there is a small and significant risk of death or
severe neurological sequelae following bacterial meningitis in
childhood?®. While antibiotics have made a major impact on
outcome for such patients, the contemporary mortality rate
remains unacceptably high, at approximately 25%32°.
A contemporary concern with treatment of meningitis is the
treatment failure owing to emergence of antimicrobial resistance
among the isolates?’. Penicillin-resistant (MIC >2 pg/ml) and
multiple drug resistant strains of S. pneumoniae have emerged in
many parts of the world?”-30.

For determining the resistance pattern to different antimicrobials,
pneumococcal isolates were primarily screened out by disk
diffusion test (Figure 3). All isolates were found to be susceptible
to penicillin, ampicillin, ceftriaxone (3" generation cephalosporin)
and chloramphenicol, while resistant to gentamicin (95%),
cotrimoxazole (60%) and erythromycin (5%). Qualitative resistance
by the disk diffusion method was quantitated further by the
E-test (Figure 4) and the results are summarized in Table 1. A
remarkably high rate of resistance to commonly used drugs such
as gentamicin (80% or 16 of 20; MIC >16.0 pg/ml) and cotrimoxazole
(60% or 12 of 20; MIC >4/76 pg/ml) was observed. One isolate,
which showed erythromycin nonsusceptibility by disk diffusion
test also showed high MIC value (>4.0 pg/ml). On the other hand,
all were susceptible to penicillin except two for which the MICs
were within intermediately resistant range (0.1-1.0 pg/ml).
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Figure 3. Antibiotic sensitivity pattern of Streptococcus

pneumoniae isolated from cerebrospinal fluid specimens of

patients with meningitis (n = 20). PG = Penicillin G;

AM = Ampicillin; CRO = Ciprofloxacin; C = Chloramphenicol;
ST = Cotrimoxazole; CN = Gentamicin; E = Erythromycin
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Figure 4. E-test (left) and disk diffusion (right) showing zone of
inhibition represents the degree of susceptibility of Streptococcus
pneumoniae to penicillin.

Table 1: Antimicrobial susceptibility by E-test of Streptococcus
pneumoniae isolates (n = 20) recovered from cerebrospinal fluids
of patient with meningitis

Sensitivity MIC Frequency,
determination (ng/ml) No. (%)
Penicillin

Sensitive <0.06 18 (90)

Intermediate 0.10-1.0 2 (10)

Resistant >2.0 0(0)
Cotrimoxazole

Sensitive <0.5/9.5 6 (30)

Intermediate 1/19-2/38 2 (10)

Resistant >4/76 12 (60)
Gentamicin

Sensitive <4 1(5)

Intermediate 8 3(15)

Resistant >16 16 (80)
Erythromycin

Sensitive <0.5 19 (95)

Intermediate 1.0-2.0 0(0)

Resistant >4.0 1(5)

The resistance of S. pneumoniae to penicillin and other
antimicrobial agents is increasing in many parts of the world!.
Low rate of resistance for meningitis strains to penicillin (3%) and
erythromycin (1%) but high rate of resistance to cotrimoxazole
(69%) and chloramphenicol (15.5%) among meningitis strains has
been reported in Bangladesh?’, which is in partial agreement to
results of the present study but, in contrary, no resistance to
chloramphenicol was observed. This might be due to the small
number of samples examined in this study. An increasing trend of
chloramphenicol resistance has been observed in Bangladesh as
it has now reached a level of 15.5%'4 compared to 2.8% in 19972.
In this study, a high prevalence (95%) of in vitro cotrimoxazole
resistance was observed, which is consistent with findings from
other countries in this region32-33 and also with a previous study
with invasive pneumococcal strains in Bangladesh®!4. High
cotrimoxazole resistance might be due to widespread and
indiscriminate use of the drug by community health workers>*,

Though penicillin nonsusceptibility was not observed in disk
diffusion method, two (10%) isolates exhibited intermediately
resistance by E-test. Low rates of nonsusceptibility to penicillin
have been reported from Asian countries like China, India, and
the Philippines33, while high prevalence of penicillin
nonsusceptibility has been reported in the United States’>,
European countries®® and several other Asian countries3’. Overall,
the absence of ceftriaxone resistant S. pneumoniae meningitis
strains indicates that ceftriaxone remains a reasonable empirical
drug of choice for community-acquired meningitis in Bangladesh.

Table 2 shows the serotype distribution of the S. pneumoniae.
Eighteen isolates were available for serotyping. Nine different
serotypes were identified including 1, 2, 4, 34, 12A, 38, 19F, 35A
and 45, while 3 isolates could not be identified and they were
grouped as ‘nontypeable’. The dominant serotypes were type 2
(23.5%) and type 1 (17.6%). Serotype 7F was not found in this
study, which was reported to be the most predominant serotype
in an early study in Bangladesh!®.

Table 2. Serotype distribution of Streptococcus pneumoniae
isolated from cerebrospinal fluid specimens of patients with
pyogenic meningitis

Serotype Frequency, No. (%)
1 3(17.6)
2 4(23.5)
4 1(5.9)
34 1(5.9)
12A 1(5.9)
38 1(5.9)
19F 1(5.9)
35A 1(5.9)
45 2(11.8)
Nontypeable 3(17.6)
Total 18 (100.0)
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In conclusion, our study shows that PCR is a sensitive method
for detecting pneumococcal meningitis but ICT is a simple, reliable
and easily implemented method. This method is so simple that it
can be done at bed side for quick detection. For cases where
patients have already received antibiotics it acts as a supportive
method to detect whether the case is pneumococcal or not.
Secondly, a considerable number of S. pneumoniae are multidrug-
resistant (MDR) being resistant to first-line antibiotics, which
raises concern for conducting surveillance of burden of
pneumococcal meningitis and resistance pattern of the isolates.
Finally, the most common serotypes of pneumococci are invasive
and antibiotic resistant. The fact that most isolated strains are
covered by the 23 polyvalent pneumococcal vaccine, the broader
use of the vaccine could reduce the incidence of pneumococcal
diseases.
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