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Abstract
Objective: Early and accurate diagnosis of bacterial meningitis is of critical concern. Optimumand rapid laboratory facilities are not routinely available for detecting the etiologic agents ofmeningitis. The objective of this study was to compare polymerase chain reaction (PCR) assaywith culture for detection of bacteria in central nervous system (CNS) samples from patientssuspected to have meningitis.
Methods: One-hundred cerebrospinal fluid (CSF) samples were obtained and divided into twoparts. One part of samples was used for standard bacterial culture and gram staining. Theremaining was used for DNA extraction. PCR assay was performed with universal primers for16S rDNA gene of bacteria. Performance characteristics of the test were determined.
Findings: The PCR method was able to detect bacteria in all 36 culture-positive and in 38 of 64culture-negative cases showing sensitivity and specificity of 100% and 40.6% respectively.Positive predictive value was 48.6% and negative predictive value 100%, however, Kappacoefficient showed the correlation of the 2 methods to be at 0.33.
Conclusion: There are advantages and disadvantages in performance characteristics of theconventional CSF culture and universal CSF 16S rDNA PCR. Therefore, it is recommended to useboth methods in clinical practice, particularly in suspicious contaminated samples, withpresumable presence of fastidious or slow growing bacteria because of antibiotic consumption.
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IntroductionInfections of the central nervous system (CNS)are serious and potentially life threatening. These infections may be caused by bacteria,fungi, viruses, or parasites. Specific etiologicdiagnosis is detected by laboratory testing and
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positive laboratory findings are communicateddirectly to the clinician[1,2]. Acute meningitis iscommonly caused by bacteria or viruses.Patients with acute meningitis usually havefever, headache, vomiting, photophobia andaltered mental status[1,2].The likely etiologic agents of bacterialmeningitis depend on the age of the patient. Thecurrent standard for the diagnosis of bacterialmeningitis is microscopic examination andsubsequent culture of cerebrospinal fluid(CSF)[1,2]. However, this approach might havesome disadvantages with regard to desiredrapidity and sensitivity.Results of culture may only be available after24 to 48h and sometimes, for instance, when thenumber of viable organisms in the CSF is low, itmay take even longer. Moreover, the sensitivityof microscopic examination and culture of CSFcan be debated, especially after the start ofantibiotic treatment and meningitis due tofastidious or slow-growing or anaerobicmicroorganisms[3-8]In the last decade, PCR-based assays havebecome available to provide an early andaccurate diagnosis of bacterial meningitis. Mostof these assays target 16S rDNA gene, which ishighly conserved in all eubacterials[9-12].Here we report comparison of the results of16S rDNA gene (transcribes as 16S rRNA)amplification method to the results ofconventional microbiologic methods for theexamination of CSF to evaluate each assay andintroduce the best practical approach for thediagnosis of bacterial meningitis.

Subjects and MethodsFrom March 2007 to March 2008, all CSFsamples with high cellular content from patientssuspected to have bacterial meningitis admittedto hospitals of Qazvin University of MedicalSciences (QUMS) were collected. Regardless ofclinical manifestations, up to 100 samplesreferred to laboratory for routine micro-biological investigation were processed.

Upon arrival of CSF samples in laboratory,after standard bacterial culture and gramstaining, the remaining CSF (100-300 μl) wasstored under sterile conditions at -800C untilfurther processing for DNA extraction and PCR.The permission for using CNS fluid samples forthis study was taken from physicians of thepatients.For DNA extraction, 100 μl of CSF was taken inmicrocentrifuge tube and heated in a boilingwater bath for 20 minutes and centrifuged at10.000 rpm for 1 minute[7,13]. The concentrationand desired DNA content of each supernatantwas checked by Nanodrop (ND 1000, USA)instrument.The selection of universal primers was basedon the published work of Lu and Pandit whichare complementary to the conserved region of16S rDNA. The presence of any kind of bacteriacan be detected with these primers regardlesstheir species. The sequence of the primers were:primer U1(F): 5'-CCAGCAGCCGCGGTAATACG-3'and primer U2(R):5'ATCGG(C/T)TACCTTGTTACGA CTTC-3'[4-6].These primers were synthesized in ATG Co.,Denmark.The reaction mixture contained 5 μl of DNAextract, 1 μl (20 pmol) of each U1 and U2primers, 0.3 μl (1.5 U) of Super Taq DNApolymerase, 5 μl of 10X PCR buffer, 2.5 μl (2.5mM) MgCl2, 0.5 μl ml of dNTPs (0.4 mM) and34.7 μl DW (Final reaction volume: 50 μl).All reaction mixture constituents werepurchased from Fermentanse Co, villnius,Lithuania.PCR amplification was carried out in a MWGthermocycler (USA). The thermal cyclingregimen used was as follows: 3 min at 950C,followed by 30 cycles of 30 sec at 950C, 45 sec at550C, 30 sec at 720C, and further for a timeextension of 5 min at 720C. Multiple negative(water) and positive (known 16S rDNA) controlswere included in every set of PCR reaction[2,4,5]PCR products (amplicons) were detected by1.5% agarose gel electrophoresis.For detection of analytical sensitivity (cut off)of the assay, serial dilutions from knownconcentration (adjusted to optical density of 0.5Mc Farlin bacteriological standardized tube, i.e.108 CFU or microorganisms/ml) of test strains
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including E. coli ATCC 25972, haemophilusinfluenzae ATCC 35056 and streptococcuspneumoniae ATCC 49617 were prepared andafter DNA extraction and measurement of DNAcontents by Nanodrop instrument, thesedifferent serial copy numbers were used astemplates in PCR protocol[13].Statistical analyses for determiningperformance characteristics were done by SPSSsoftware version 13.5.

FindingsThe analytical sensitivity (cut off) of the assayfor all known strains were approximately 102 to103 CFU or copy number/ml (about 10 ng/ l )of CSF (Fig. 1). From 100 evaluated samples, 36were culture positive. The most prevalent isolatewas Staphylococcus aureus. From 100 samplesevaluated, 74 were PCR positive. An example ofPCR positive sample (996 bp fragment) is shownin Fig. 2.

Fig 1: Detection of analytical sensitivity of PCR assay.A dilution series of E. coli DNA was analyzed by 16SrDNA PCR and gel electrophoresis. E. coli DNA used inthe PCR reaction was extracted in amounts from 108(lane 3) to 101 (lane10) CFU/ml. DNA extracts(copies) up to 102 CFU/ml (about 10 ng/μl) producedexpected visible (996 bp) band. Negative (lane 2) and1kb DNA ladder (lane1) included.

Table 1: Comparison of the results of 16S rDNA PCRassay with cultures for detection of suspectedbacterial meningitis
Culture

PCR
Positive
(n=36)

Negative
(n=64)

Total
(n=100)

Positive
(n=74)

36 38 74
Negative
(n=26)

0 26 26
For the evaluation of performancecharacteristics of the PCR assay, results werecompared with CSF cultures as current goldstandard. The data are shown in Table 1.According to these data, performancecharacteristics of the PCR assay were calculatedas follows: Sensitivity (false neg.): 100%,specificity (false pos): 40.6%, Positive predictivevalue (PPV):48.6 and Negative predictive value(NPV):100%. The kappa coefficient obtained as0.33 by SPSS software calculation.

Fig. 2: An example of positive and negative CSF samplesdetected by 16S rDNA PCR assay. From top to bottom:1kb ladder (size marker), positive control, negativecontrol, -, +, -, + and– samples. The arrow indicates theband of expected size (996 bp). The first and secondnegative samples belong to a culture negative patient butthe third negative sample belongs to a culture negativepatient who has taken antibiotic. The first positivesample belongs to a culture negative patient withantibiotic consumption and the second positive samplebelongs to a culture positive patient.
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DiscussionIn the present study, we evaluated 16S rDNAPCR for diagnosis of bacterial meningitis. Ourresults showed that the PCR findings were not ingood agreement with those obtained frombacteriologic data. Although some performancecharacteristics like sensitivity (100%) andnegative predictive value (100%) were in goodcorrelation with culture results, the specificity(40.6%) and positive predictive value (48.6%) ofthe assay were low. It means that false positiveresults of the PCR assay are high or alternatively,some culture results were false negative. Thelatter condition is more probable. As notedearlier, the consumption of antibiotics or thepresence of some special kinds of bacteria couldresult in such circumstance[6,7,8].To elucidate the above mentioned conflict, thecorrelation of two methods was evaluated bycalculating the kappa coefficient which became0.33. This value indicates low correlationbetween two methods. Some studies have alsodescribed low correlation of sensitivity andspecificity of the two methods[6-8]. Panditrecommended simultaneous use of CSF cultureand CSF PCR especially for culture negativesamples[4]. On the other hand, in CSF PCR,antibiotic sensitivity (antibiogram) of thecausative bacterial agent is not determined[7].The overall culture or PCR positive samples inour study were high because, as stated earlier,we used high cellular content samples for bettercomparison of the methods.The most important troubling factor inuniversal CSF PCR is the contamination ofsamples during CSF collection, DNA extraction,reaction mixture preparation, amplification anddetection procedures[2,5,6] Using extra purereagents and application of real time PCR (RT-PCR), Corless et al improved the results of thePCR assay[3] However, in cases where dead orinactive bacteria are present in samples, e.g. inpost antibiotic therapy, the results of PCR assaymay become falsely  positive, i.e. the use of  16SrDNA PCR can not detect active or inactivebacteria.

ConclusionRegarding the advantages and disadvantage inperformance characteristics of the conventionalCSF culture and universal CSF 16S rDNA PCR, itis strongly recommended to use both methods inclinical practice, particularly in suspiciouscontaminated samples, presence of fastidious orslow growing bacteria and antibioticconsumption as well as to get rapid results.
AcknowledgmentThis work was financially supported byQazvin University of Medical Sciences (grant No.28/20/174). We thank members of microbiologylaboratories as well as pediatric clinicians of theacademic hospitals of Qazvin University ofMedical Sciences for their contributions andpermission to use samples for this study.

Conflict of Interest: None

References1. Numbiar S, Kalavati S. Infection of the centralnervous system. In: Mahon C, Manuselis G,Lehman D (eds). Textbook of DiagnosticMicrobiology. 3rd ed. Philadelphia: Saunders.2006; Pp: 853-66.2. Xu J, Millar BC, Moore JE, et al. Employment ofbroad-range 16S rRNA PCR to detectaetiological agents of infection from clinicalspecimens in patients with acute meningitis.Rapid separation of 16S rRNA PCR ampliconswithout the need of cloning. J AppliedMicrobiol. 2003;94(2):197-206.3. Corless CE, Guiver M, Borrow R, et al.Simultaneous detection of Neisseriameningitidis, Haemophilus influenzae, andStreptococcus pneumoniae in suspected casesof meningitis and septicemia using real-timePCR. J Clin Microbiol. 2001;39(4):1553-8.4. Pandid L, Kumar S, Karunasagar I, et al.Diagnosis of partially treated culture-negativebacterial meningitis using 16S rRNA universalprimers and restriction endonucleasedigestion. J Med Microbiol. 2005;54 (Pt 6):539-42.



475Iran J Pediatr; Vol 20 (No 4); Dec 2010

5. Lu J, Perng C,. Lee S, Wan C. Use of PCR withuniversal primers and restriction endo-nuclease digestion for detection andidentification of common bacterial pathogensin cerebrospinal fluid. J Clin Microbiol. 2000;38(6):2076-80.6. Schurman T, Boer R, Kooistra-smid AM, et al.Prospective study of use of PCR amplificationand sequencing meningitis of 16S ribosomalDNA from CSF for diagnosis of bacterialmeningitis in a clinical setting. J Clin Microbiol.2004;42(2):734-40.7. Nakhjavani FA, Bonakdar F, Kalani M.T, et al.Detection of haemophilus influenzae type B incerebro spinal fluid of suspected children withmeningitis by PCR. Med J Islamic Republic Iran.2005;19(2):181-4.8. Kotilinen P, Jalavi J, Meurman O, et al.Diagnosis of meningococcal meningitis bybroad range bacterial PCR with cerebrospinalfluid. J Clin Microbiol. 1998;36(8):2205-9.

9. Jaton K, Sahli R, Bille J. Devlopment ofpolymerase chain reaction assay for detectionof Listeria monocytogenes in clinicalcerebrospinal fluid samples. J Clin Microbiol.1992;30(80):1931-6.10. Abdel Salam HA. Direct PCR assay for detectionof Neisseria meningitides in humancerebrospinal fluid. Folia Microbiol (Praha).1999;44(6):689-94.11. Lin HW. Use of universal polymerase chainreaction assay and endonuclease digestion fordetection of Neisseria meningitidis. J MicrobiolImmunol Infect. 2004;37(6):371-4.12. Liu Y. Development and evaluation of 16SrDNA microarray for detecting bacterialpathogens in cerebrospinal fluid. Exp Biol Med.(Maywood). 2005;230(8):587-91.13. Plesis M, Smith AM, Klugman KP. Rapiddetection of penicillin resistant streptococcuspneumoniae in cerebrospinal fluid by a seminested PCR strategy. J Clin Microbiol. 1998;36(2):453-7.


