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Comparative Study of Polymerase Chain Reaction (PCR) and Conventional

Methods for the Diagnosis of Pneumococcal Meningitis in CSF of
Under Five Children in Chattogram Medical College, Chattogram.

*Rozario DTD’
Abstract

Background: Bacterial meningitis is an important cause of mortality and long term morbidity. Early and accurate diagnosis of bacterial
meningitis is of critical concern. Though bacterial culture is considered as gold standard, this approach has some disadvantages with regard
to rapidity and sensitivity. This has motivated the evaluation of alternative diagnostic strategy. Objectives: This study was performed to
compare between polymerase chain reaction (PCR) and conventional methods for the diagnosis of pneumococcal meningitis in under five
children. Materials & Methods: This cross sectional study was carried out in the Department of Microbiology, Chittagong Medical College
for cytological examination, biochemical tests, Gram’s stain, culture, and PCR for lytA gene of Streptococcus. pneumoniae in CSF. Results:
Among the 68 cases of probable bacterial meningitis, culture was positive in 22 (32%) and Gram’s stain was positive in 17 (25%) cases.
Streptococcus pneumoniae was the predominant organism detected by isolation in 11 (50%). PCR detected 27 (46.67%) cases of S. pneumo-
niae among 57 bacterial meningitis cases. All the culture and Gram’s stain positive cases for Streptococcus pneumoniae were also positive
by PCR. The Sensitivity, Specificity, Positive predictive value and Negative predictive value of PCR were 100%, 65%, 41%, and 100% respec-

tively by using CSF culture as gold standard. Conclusion: PCR was highly sensitive and specific and PCR was found superior to other available

methods for detection of bacterial meningitis.
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Introduction

Acute bacterial meningitis (ABM) is one of the
most dramatic medical emergencies which is seen
as a public health challenge worldwide. The
disease is dreaded for its acute devastating onset
in previously healthy individuals and difficulty in
obtaining a timely and accurate diagnosis.! Global-
ly 1.2 million cases of bacterial meningitis are
estimated to occur every year with 1,35000
deaths.? The disease is much more common in
developing countries than the developed coun-
tries. Gurley et al. (2009) from Bangladesh report-
ed that among all meningitis cases bacterial men-
ingitis constitutes 25% and case fatality rate was
14%.2 The bacterial meningitis epidemiological
landscape is not static and etiological agent varies
with age and immune status and different
geographic area. Incidence of confirmed Hib men-
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ingitis in Bangladeshi infants was 92/100000 in pre
vaccine period. The incidence dramatically
declined to 15.7 cases/100000 children a year
after introduction of the vaccine.* So except during
an epidemic of meningococcal infection, Strepto-
coccus pneumoniae is the commonest cause of
acute bacterial meningitis.> Because of the high
mortality and morbidity resulting from bacterial
meningitis, rapid and accurate diagnosis is needed
to increase the survival rate and decrease compli-
cations. Though Gram’s stain is simple, rapid and
less expensive method for detecting bacteria but it
has some limitations. The yield of bacteria on a
Gram’s stain depends on several factors like the
number of organisms present, prior use of antibi-
otic, technique used for smear preparation (centri-
fuged deposit, cytospin, direct smear etc.). The
gold standard for diagnosis of any infection includ-
ing meningitis is the isolation and identification of
the causative agent.® But it requires a day or more
for growth and can also give false negative result
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due to the preceding antibiotic therapy before
admission or meningitis due to fastidious organ-
isms.” The increasing practice of preadmission
administration of parenteral antibiotic therapy
and reluctance to perform lumber puncture at
admission are pointed out to contribute a
decrease in culture confirmed cases in several
countries.” So an alternative method for the
diagnosis of bacterial meningitis is required which
is rapid, reliable, less time consuming, easy to
perform, sensitive and specific. Polymerase chain
reaction (PCR) is highly sensitive and specific tech-
nique for diagnosis of bacterial meningitis.® PCR
now can detect low number of pathogens in
clinical specimens which does not require the
presence of viable organisms.® So the purpose of
the study was to determine the frequency of
pneumococcal meningitis in under five children, to
assess the diagnostic efficacy of PCR in identifying
lytA gene of Streptococcus.

Materials and Methods

A total of 272 clinically suspected patients of men-
ingitis of age ranging from 0 day to 5 years from
Neonatal, Pediatrics wards and Medicine wards of
CMCH and CMOSH, Chittagong were included in
this study. This cross sectional descriptive study
was carried out during the period of July 2019 to
June 2020. Ethical clearance was duly obtained
from Ethical Review Committee, Chittagong Medi-
cal College, Chittagong.

Clinically suspected patients of meningitis with
high body temperature, signs of meningeal irrita-
tion, i.e. neck rigidity, Kernig’s sign, Brudzinski’s

18

Ad-din Sakina Women’s Medlical College Journal. 2024, 5 (2)

sign, headache, vomiting, altered level of sensori-
um, high pitched crying and photophobia were
included in this study. Patients treated with inject-
able antibiotics for 48 hours before admission,
patient with brain hypoxia and brain trauma,
patients in whom performing lumber puncture
was contraindicated and patients who did not give
consent were excluded from the study.

Laboratory method: Standard methods were used
for the analysis and culture of CSF specimens
collected from all suspected patients. Immediately
after receipt, each CSF specimen was centrifuged
at 1500 rpm for 15 minutes. The supernatant was
removed and the sediment was cultured on 5%
sheep blood agar and chocolate agar and MacCon-
ky’s agar plates then incubated in a 5% CO: at
35°C for 48-72 hours. Gram staining was also
performed. All isolates were identified based on
their colony, morphology, culture characteristics,
and biochemical reactions according to the stand-
ard microbiological procedures. Furthermore,
cytological test and biochemical tests were done
according to manufacturer’s instruction (Protein &
Glucose estimation by Flutitest USP, Analyticon,
Germany). CSF was preserved at -70°C for DNA
extraction. DNA was extracted according to Patho
Gene-spin DNA extraction Kit, Intron Biotechnolo-
gy). Primer sequence used for amplification was
5/-TGAAGCGGATTATCACTGGC-3/,
5/GCTAAACTCCCTGTATCAAGCG-3/.™ Protocol of
Thermal cycles of PCR for detection of lytA gene:
Initial denaturation at 94°C for 3 minutes- 1 cycle,
Denaturation at 92°C for 40 seconds, Primer
annealing at 55°C for 30 seconds, Extension at
72°C for 20 seconds -35 cycles, Final extension at
72°C for 10 minutes-1 cycle.” Four microliters of
the PCR reaction was loaded onto a 1.5% agarose
gel containing ethidium bromide (0.5 mg/m) and
gel electrophoresis was done for 20 minutes to
separate PCR products. Presence of a 273-bp band
under UV transilluminator was considered to be a
positive.



Results

A total 272 clinically suspected meningitis cases
were enrolled in this study from Chittagong Medi-
cal College Hospital (CMCH) .Table 1 shows catego-
ries of study population, according to cytological
and biochemical findings, 68 (25%) were catego-
rized as probable bacterial meningitis cases and
129 (47.22%) cases were viral meningitis, normal
level of protein, glucose and cell count were found
in 75 (27.78%) cases. Figure 1 shows, out of 68
probable bacterial meningitis cases, 17 (25%)
were found positive by Gram stain, 22 (33.33%)
cases were found positive by culture (Figure 2) and
27 (46.67%) cases were positive for S. pneumoniae
by PCR for lytA gene among 57 probable bacterial
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meningitis cases (Figure 3). Table 2 Shows that
among the 22 culture positive cases majority of
the isolates were S. pneumoniae 11 (50%)
followed by N. meningitidis 05 (23%), H. influen-
zae 3 (13.64%), E. coli 2 (9.1%) & S. aureus
1(4.54%). Table 3 shows comparison of culture
with PCR by Chi-square test. The difference
between culture and PCR to detect pneumococcal
meningitis was statistically highly significant (p
<0.01). Sensitivity, Specificity, Positive Predictive
Value, Negative Predictive Value were 100%, 65%,
41%, 100% respectively for IytA gene of S. pneu-
moniae by PCR considering culture as gold stand-
ard.

Table I : Showing categories of study samples according to cytological and biochemical

(protein, glucose) findings

Biochemical & Cytological findings Category Frequency | Percentage (%)
Elevated Protein, Reduced Glucose, Probable Bacterial 68 55
Neutrophilic pleocytosis> 100/ mm?3 meningitis

Protein elgvated, GIuc_ose level normal, Prob_ablle.VlraI 129 47.22
Lymphocytic pleocytosis meningitis

Protein level normal, Glucose level Normal 75 2778
normal, Normal cell count

Total 144 100

Figure 1: Results of Gram stain among the

probable cases of bacterial meningitis

Figure 2: Results of culture among the proba-
ble cases of bacterial meningitis
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Table Il : Distribution of bacterial isolates
among 22 CSF culture positive cases
Organism Frequency | Percentage (%)
Streptococcus pneumoniae 11 50
Neisseria meningitidis 5 23
Haemophilus influenzae 3 13.64
Escherichia coli 2 9.1
Staphylococcus aureus 1 4.54
Total 22 100

Figure 3: Results of PCR for lytA gene of S.
pneumoniae among the probable cases of
bacterial meningitis (n=57)

Table Il : Comparison and evaluation of perfor-
mance of PCR for detection of pneumococcal
meningitis considering culture as gold stand-
ard

Bacterial culture
Positive|Negative

Total

Sensitivity=100%
Specificity=65%

~

Positive | 11 16 2

Positive predictive

PCR
lue(PPV) = 419
Negative| 0 30 30|Value(PPV) = 41%
Negative predictive
value(NPV) = 100%
Total 11 46 57

x2 Value= 8.57, p <0.01, highly significant
Discussion

Bacterial meningitis is still a very common and
serious disease.” Globally 1.2 million cases of
bacterial meningitis are estimated to occur every
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year with 135,000 deaths.? The case fatality rates
(CFRs) in bacterial meningitis is 26% in developed
countries even with antimicrobial therapy and
availability of advanced intensive care which are
higher ranging from 16-32% in developing coun-
tries.”»™ On the basis of cytological and biochemi-
cal examinations of CSF, the study population was
categorized into three groups. We found probable
bacterial meningitis 68 (25%) cases, probable viral
meningitis 129 (47.22%) cases and normal CSF 75
(27.78%) cases (Table 1). Negrini et al. (2000) had
observed bacterial meningitis 20 (45%), aseptic
meningitis 138 (64%) and non-meningitis group 18
(12.0%) cases.™ Similarly, Narchi in Saudi Arabia
(1997) observed in his study that 35 (35.7%) were
bacterial meningitis and 63 (64.3%) were aseptic
meningitis, which are comparable with the present
study.™ Figure 1 shows Gram stain provided an
evidence of the causative bacteria in 17 (25.00%)
cases which is similar to the observation by Yahia
et al. 2014 (29.1%) but higher than that found by
Saravalotz et al. 2003 (14.9%) & Schuurman et al.
2003 (9.31%) but much lower than that detected
by Favaro et al. 2012 (75%).”%*-"® The low vyield of
bacteria on gram stain can be explained by the
facts that Gram stain depends on several factors
like the number of pathogen present in the
sample, prior use of antibiotics, technique used for
smear preparation (cytospin centrifugation, direct
smear etc.). In the present study, out of 68 proba-
ble cases of bacterial meningitis, 22 (32%) cases
were positive by culture (Figure 2) which is similar
to that found by Yahia et al. 2014 (34.5%)." Several
studies showed culture negative cases of meningi-
tis or a low CSF culture positivity ranging from 6 to
50% (Kabra et al.1991, Das et al. 2003,
Chinchankar et al. 2002).-?' These variations of
low yield of bacteria on culture may be due to
antibiotic therapy prior to lumber puncture which
is a common practice in developing countries. S.
pneumoniae (50%) was the predominant organism
followed by N. meningitidis (25%). H. influenzae
(13.64%) E. coli (9.1%), S. aureus (4.54%) were



found (Table 2). Similar findings were observed by
Reza et al. (2012) and Wellinder-Olson et al. (2007)
who found S. pneumoniae was the predominant
organism of bacterial meningitis.?»? In our study
PCR analysis for lytA gene of S. pneumoniae
detected 27 cases (47%) among 57 cases of proba-
ble bacterial meningitis(Figure 3). A similar study
of PCR techniques conducted by Mashal Khan et al.
(2013) quoted 39.15% and Yahia et al. (2014)
picked 35.45% positivity by PCR."™2* For the evalua-
tion of performance characteristics of PCR, result
of PCR assay was compared with CSF culture as
gold standard. According to this data Sensitivity,
Specificity, Positive Predictive Value (PPV), Nega-
tive Predictive Value (NPV) of PCR for detection of
Streptococcus pneumoniae were 100%, 65%, 41%,
100% respectively. Sensitivity of PCR was 100%
(Table 3) which compare favorably with the results
of Saravalotz et al. 2003 (100%) but not in good
agreement with that found by Tzanakaki et al.
(92.30%).17,25 Specificity (73.33%) was higher
than Chiba et al. 2009 (54%), Sarookhani et al.
2013 (40.6%) but lower than Saravalotz et al. 2010
(98.2%).",26:27 However this specificity of PCR does
not reflect the true percentage because in many
cases with negative bacterial culture, an antibiotic
had been prescribed before the bacterial cultiva-
tion of the CSF.28-3

Limitations: We used only one primer (lytA gene)
from a number of primers, specific for Streptococ-
cus pneumoniae and primers for other causative
organisms were not included.
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Conclusion & Recommendation

Due to prior use of broad spectrum antibiotics
conventional method may not yield the pathogen.
This reemphasizes the need for molecular tech-
nique like PCR which is a highly sensitive, specific,
rapid method and most importantly does not
need the organism to be viable and can detect
even when the microbial concentration is very
low.

References

1. Mani R, Pradhan S, Nagarathna S, et al. Bacterio-
logical profile of community acquired acute bacte-
rial meningitis: a ten-year retrospective study in a
tertiary neurocare centre in South India. Indian J
Med Microbiol. 2007;25(2):108-114.

2. Afifi S, Wasfy MO, Azab MA, et al. Laborato-
ry-based surveillance of patients with bacterial
meningitis in Egypt (1998-2004). Eur J Clin Micro-
biol Infect Dis. 2007;26(5):331-340.

3. Gurley ES, Hossain MJ, Montgomery SP, et al.
Etiologies of bacterial meningitis in Bangladesh:
results from a hospital-based study. Am J Trop Med
Hyg. 2009;81(3):475-83.

4. Sultana NK, Saha SK, Al-Emran HM, et al. Impact
of introduction of the Haemophilus influenzae
type b conjugate vaccine into childhood immuniza-
tion on meningitis in Bangladeshi infants. J Pediatr.
2013;163(1 Suppl):S73-S78.

5. Cherian T, Lalitha MK, Manoharan A, et al.
PCR-Enzyme Immunoassay for Detection of Strep-

21



tococcus pneumoniae DNA in Cerebrospinal Fluid
Samples from Patients with Culture- Negative
Meningitis. J.Clin. Micobiol..1998;36(12):3605-
3608.

6. Trampuz A, Steinhuber A, Wittwer M, et al.
Rapid diagnosis of experimental meningitis by
bacterial heat production in cerebrospinal fluid.
BMC Infect Dis. 2007;7:116.

7. Favaro M, Savini V, Favalli C, et al. A multi-target
real-time PCR assay for rapid identification of men-
ingitis-associated microorganisms. Mol Biotech-
nol. 2013 Jan;53(1):74-79.

8. Poppert S, Essig A, Stoehr B, et al. Rapid diagno-
sis of bacterial meningitis by real-time PCR and
fluorescence in situ hybridization. J Clin Microbiol.
2005 Jul;43(7):3390-3397.

9. du Plessis M, Smith AM, Klugman KP. Rapid
detection of penicillin-resistant Streptococcus
pneumoniae in cerebrospinal fluid by a seminest-
ed-PCR strategy. J Clin Microbiol. 1998;36(2):
453-457.

10. Ubukata K, Asahi Y, Yamane A, et al. Combina-
tional detection of autolysin and penicillin-binding
protein 2B genes of Streptococcus pneumoniae by
PCR. J Clin Microbiol. 1996 Mar;34(3):592-596.

11. Abro AH, Abdou AS, Ali H, et al. Cerebrospinal
fluid analysis acute bacterial versus viral meningi-
tis. Pak J Med Sci. 2008;24(5):645-650.

12. Alam MR, Saha SK, Nasreen T, et al. Detection,
Antimicrobial Susceptibility and Serotyping of
Streptococcus pneumoniae from Cerebrospinal
Fluid Specimens from Suspected Meningitis
Patients. Bangladesh j Microbiol. 2007,
24(1).24-29.

13. Matos Jde A, Madureira DJ, Rebelo MC, et al.
Diagnosis of Streptococcus pneumoniae meningi-
tis by polymerase chain reaction amplification of
the gene for pneumolysin. Mem Inst Oswaldo

22

Ad-din Sakina Women’s Medical College Journal. 2024, 5(2)

Cruz. 2006;101(5):559-563.

14. Negrini B, Kelleher KJ, Wald ER. Cerebrospinal
fluid findings in aseptic versus bacterial meningitis.
Pediatrics. 2000;105(2):316-319.

15. Narchi H. CSF bacterial antigen detection
testing in the diagnosis of meningitis. Ann Saudi
Med. 1997;17(1):101-103.

16. Yahia MA & Balach O. Comparison Of Multiplex
PCR, Gram Stain and Culture For Diagnosis Of
Acute Bacterial Meningitis. Int J Pharm Pharm Sci.
2014;6(6):425-429.

17. Saravolatz LD, Manzor O, VanderVelde N,
Pawlak J, Belian B. Broad-range bacterial polymer-
ase chain reaction for early detection of bacterial
meningitis. Clin Infect Dis. 2003;36(1):40-45.

18. Schuurman T, de Boer RF, Kooistra-Smid AM, et
al. Prospective study of use of PCR amplification
and sequencing of 16S ribosomal DNA from cere-
brospinal fluid for diagnosis of bacterial meningitis
in a clinical setting. J Clin Microbiol. 2004;42(2):
734-740.

19. Kabra SK, Kumar P, Verma IC, et al. Bacterial
meningitis in India: an IJP survey. Indian J Pediatr.
1991;58(4):505-511.

20. Das BK, Gurubacharya RL, Mohapatra TM, et
al. Bacterial antigen detection test in meningitis.
Indian J Pediatr. 2003;70(10):799-801.

21. Chinchankar N, Mane M, Bhave S, et al. Diag-
nosis and outcome of acute bacterial meningitis in
early childhood. Indian Pediatr. 2002;39(10):914-
921.

22. Ghotaslou R, Farajnia S, Yeganeh F, et al. Detec-
tion of acute childhood meningitis by PCR, culture
and agglutination tests in Tabriz, Iran. Acta Med
Iran. 2012;50(3):192-196.

23. Welinder-Olsson C, Dotevall L, Hogevik H, et al.
Comparison of broad-range bacterial PCR and



culture of cerebrospinal fluid for diagnosis of com-
munity-acquired bacterial meningitis. Clin Micro-
biol Infect. 2007;13(9):879-886.

24. Khan M, A Khan KM, Pardhan K, et al. Identifi-
cation of etiological agents by LPA and PCR in child-
hood meningitis. Pak J Med Sci. 2013 Sep;29(5):
1162-1166.

25. Tzanakaki G, Tsopanomichalou M, Kesanopou-
los K, et al. Simultaneous single-tube PCR assay for
the detection of Neisseria meningitidis, Haemo-
philus influenzae type b and Streptococcus pneu-
moniae. Clin Microbiol Infect. 2005 May;11(5):
386-390.

26. Chiba N, Murayama SY, Morozumi M, Nakay-
ama E, Okada T, et al. Rapid detection of eight
causative pathogens for the diagnosis of bacterial
meningitis by real-time PCR. J Infect Chemother.
2009;15(2):92-98.

27. Sarookhani MR, Ayazi P, Alizadeh S, et al. Com-
parison of 16S rDNA-PCR Amplification and

Ad-din Sakina Women’s Medical College Journal. 2024; 5(2)

Culture of Cerebrospinal Fluid for Diagnosis of
Bacterial Meningitis. Iran J Pediatr. 2010
Dec;20(4):471-475.

28. Simone L, Lyttle MD, Roland D, et al. Canadian
and UK/Ireland practice patterns in lumbar punc-
ture performance in febrile neonates with bron-
chiolitis. Emerg Med J. 2019;36(3):148-153.

29. Biondi EA, Lee B, Ralston SL, et al. Prevalence
of Bacteremia and Bacterial Meningitis in Febrile
Neonates and Infants in the Second Month of Life:
A Systematic Review and Meta-analysis. JAMA
Netw Open. 2019;2(3):e190874.

30. Xu M, Hu L, Huang H, et al. Etiology and Clinical
Features of Full-Term Neonatal Bacterial Meningi-
tis: A Multicenter Retrospective Cohort Study.
Front Pediatr. 2019;7:31.

31. Oordt-Speets AM, Bolijn R, van Hoorn RC, et al.
Global etiology of bacterial meningitis: A systemat-
ic review and meta-analysis. PLoS One. 2018;
13(6):e0198772.

23



