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Validation of multiplex PCR for the diagnosis
of acute bacterial meningitis in culture
negative cerebrospinal fluid

Validacado do PCR multiplex para o diagnéstico de meningite bacteriana aguda com
cultura de liquido cefalorraquidiano negativa

Sérgio Monteiro DE ALMEIDA™?; Libera Maria DALLA COSTA34, Christian SIEBRA®, Lavinia Nery Villa
Stangler AREND?®, Keite da Silva NOGUEIRAS7

ABSTRACT

This study evaluated the operational characteristics of the multiplex polymerase chain reaction (PCR) for cerebrospinal fluid (CSF) from
patients with cellular and biochemical characteristics of acute bacterial meningitis and positive or negative CSF cultures. Methods:
Multiplex PCR was performed for 36 CSF samples: culture-proven acute bacterial meningitis (n = 7), culture-negative acute bacterial
meningitis (n = 17), lymphocytic meningitis (n = 8),and normal CSF (n = 4). The operational characteristics of multiplex PCR were evaluated
with definite and probable bacterial meningitis, using culture positive, cytological and biochemical CSF characteristics as the gold standard.
Results: Multiplex PCR for CSF was efficient in the group with CSF cellular and biochemical characteristics of acute bacterial meningitis
but with a negative CSF culture. This group demonstrated high specificity, positive predictive value, and efficiency. Conclusions: Multiplex
PCR for CSF can improve the speed and accuracy of acute bacterial meningitis diagnosis in a clinical setting as a complement to classical
immunological and bacteriological assays in CSF. It is also useful for CSF culture-negative acute bacterial meningitis.
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RESUMO

Este estudo avaliou as caracteristicas funcionais da reacdo em cadeia da polimerase (PCR) multiplex para amostras de liquido
cefalorraquidiano (LCR) de pacientes com caracteristicas celulares e bioquimicas de meningite bacteriana aguda e culturas de LCR positivas
ou negativas. Métodos: O PCR multiplex foi realizado em 36 amostras de LCR: meningite bacteriana aguda comprovada por cultura (n = 7),
meningite bacteriana aguda com cultura negativa (n = 17), meningite linfocitica (n = 8) e LCR normal (n = 4). As caracteristicas funcionais
do PCR multiplex foram avaliadas para meningite bacteriana definitiva e provavel, utilizando cultura positiva, caracteristicas citologicas
e bioguimicas do LCR como padrdo-ouro. Resultados: O PCR multiplex do LCR foi eficiente no grupo com caracteristicas celulares e
bioguimicas do LCR de meningite bacteriana, mas com cultura do LCR negativa. Este grupo demonstrou especificidade, valor preditivo
positivo e eficiéncia altos. Conclusdes: Os autores concluiram que o PCR multiplex do LCR pode melhorar a velocidade e a precisao do
diagnéstico de meningite bacteriana em um ambiente clinico como complemento aos ensaios imunolégicos e bacteriolégicos classicos no
LCR.Também é util para meningite bacteriana aguda com cultura de LCR negativa.

Palavras-chave: Liquido cefalorraquidiano; meningite; meningite bacteriana; reacdo em cadeia da polimerase.

Acute bacterial meningitis is a medical emergency, with  Streptococcus pneumoniae, and Haemophilus influenzae type
a delay in initiating effective antimicrobial therapy resulting b are the main etiologic agents of acute community-acquired
in increased morbidity and mortality. Neisseria meningitidis, — meningitis'.
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Clinical features alone cannot determine whether men-
ingitis is present. Therefore, when meningitis is clinically
suspected, the performance of a lumbar puncture is obliga-
tory. The cerebrospinal fluid (CSF) examination is essential to
establish the diagnosis and to identify the etiologic agent and
its antibiotic sensitivity>*“.

An accurate and rapid diagnosis plays a crucial role in the
treatment, prevention, and prognosis of bacterial meningitis;
however, this is not always possible. Rapid methods such as
Gram staining or latex agglutination testing (LAT) are avail-
able for the detection of certain agents but are not sufficiently
sensitive. The definite laboratory diagnosis of bacterial men-
ingitis requires the isolation of bacteria by the culture of CSE,
which takes at least 12 to 48 hours. In addition, around 50%
of suspected cases of bacterial meningitis are not confirmed
by culture, mainly because of pre-analytical problems and
low clinical sample quality due to delayed sample process-
ing and/or the use of antibiotics before the lumbar puncture®.

The standardization of a molecular biology technique to
identify major etiological agents of bacterial meningitis will
contribute to improvements in the diagnosis, especially in
cases where there is a low concentration of the microorgan-
ism, the patient is already being treated with antimicrobials,
or when culture results are not satisfactory"®.

This study adds to the contributions of previous stud-
ies” by further investigating the accuracy of a multiplex poly-
merase chain reaction (PCR) assay for acute bacterial men-
ingitis on a substantial number of CSF samples from patients
with suspected bacterial meningitis based on CSF cellular
and biochemical characteristics but with negative CSF cul-
tures, as well as cases with proven bacterial meningitis and
positive CSF culture results.

METHODS

Subjects and sample collection

This study was approved by the Institutional Research
Review Board of the Complex Hospital of Clinics, Federal
University of Parand (CHC-UFPR), Brazil. The authors con-
firm that they have complied with the World Medical
Association Declaration of Helsinki regarding ethical con-
duct of research involving human subjects.

All CSF samples were collected for clinical purposes by
lumbar puncture. The CSF samples from patients suspected
to have acute meningitis (bacterial and viral) were selected
randomly based on CSF cellular, biochemical and microbio-
logical (culture) characteristics (Figure 1). Samples from new-
borns, post-neurosurgery samples, or samples from patients
with a previous antibiotic history were excluded.

Data regarding the biochemical and cytological analysis
of CSF, as well as the epidemiological data of patients were
obtained from the laboratory computer records.

A total of 36 CSF samples, collected in the period August
to November 2011, were included in this study. The samples
were distributed in the following groups:

1) Group 1: Definite acute bacterial meningitis (n = 7).
Acute bacterial meningitis identified by culture: Haemophilus
sp. (1 case), Listeria monocytogenes (2 cases), N. meningitidis
(2 cases), and S. pneumoniae (2 cases).

2) Group 2: Probable acute bacterial meningitis with
negative CSF culture (n = 17). Cytological and biochemi-
cal characteristics of acute bacterial meningitis in the CSF*:
increase of white blood cells (WBC) (> 5 cells/mm?), pre-
dominance of neutrophils, glucose < 45 mg/dL, lactate > 3.5
mmol/L, and bacteria not identified by culture.

Eligible participants
n =236
with Multiplex PCR in CSF

Multiplex PCR negative
n=17

Reference standard
positive
=2

Bacterial meningitis
present (n = 2)
absent (n = 15)

Multiplex PCR negative
n=19

Reference standard
positive
m=B

Bacterial meningitis
present (n = 5)
absent (n = 14)

Figure 1. Standards for Reporting of Diagnostic Accuracy Studies flow diagram of participants through the validation of multiplex PCR
(index test), for the diagnosis of bacterial meningitis in cerebrospinal fluid (CSF) samples, reference standard CSF culture (solid medium).

de Almeida SM et al. Multiplex PCR for acute bacterial meningitis

225



3) Group 3: CSF with cytological and biochemi-
cal characteristics of lymphocytic meningitis, possi-
ble viral meningitis® (n = 8): increased number of WBC
(> 5 cells/mm?), predominance of lymphocytes, glucose >
45 mg/ dL, lactate < 3.5 mmol/L. Viruses were not identi-
fied in any CSF sample.

4) Group 4: CSF with normal cellular and biochemi-
cal characteristics (n = 4): WBC < 5 cells/mm?, glucose
> 45 mg/ dL, lactate < 3.5 mmol/L%.

The epidemiological, CSF cytology and biochemical char-
acteristics of the groups studied are shown in Table 1.

Traditional and immunological microbiological
diagnostic tests for bacteriology

All CSF samples were subjected to direct microscopic
examination (Gram stain smear) and culturing. The CSF
specimens were inoculated onto agar plates (5% sheep blood
agar and supplemented chocolate agar plates) and incubated
at 37°C for 24 to 48 hours. For positive cultures, bacteria were
identified using a VITEK 2 Compact System (BioMérieux
Vitek, Inc., Hazelwood, MO, USA).

Latex agglutination testing for acute meningitis (BioMérieux
Vitek, Inc.) was carried out per manufacturer’s instructions.

Meningitis multiplex PCR

Extraction of DNA was performed using a Biopur DNA
extraction kit. All samples were subjected to multiplex PCR
for bacterial meningitis using the Seeplex Meningitis-B ACE
Detection Kit (Seegene Inc., Seoul, Korea), following the man-
ufacturer’s recommendations. This assay detects five species
of bacteria that cause meningitis, S. pneumoniae (gene gyrB),
H. influenzae (P6), N. meningitidis (ctrA), S. agalactiae (Cfb),
L. monocytogenes (Hly) within six hours.

CSF biochemistry and cytology

The CSF total protein was determined by benzetho-
nium chloride (Architect, Abbott, IL, USA), total glucose by
hexokinase/G-6-PDH (Architect), lactate by amperometry
(RAPIDPoint 500, Siemens, NY, USA). The total WBC/mm?®
was quantified in fresh, uncentrifuged CSF by manual count-
ing in a Fuchs-Rosenthal chamber. Pleocytosis in the CSF
was defined as leukocytes > 5 cells/mm?. For differential leu-
kocyte counts, CSF samples were concentrated using the
Shandon Cytospin (Pittsburgh, PA, USA). The slides were
then stained by the May-Griinwald Giemsa technique.

Evaluation of operational characteristics of
multiplex PCR in CSF for bacterial meningitis

The operational characteristics of the multiplex PCR in
CSF (index test) for acute bacterial meningitis were evalu-
ated using positive CSF cultures (definite bacterial menin-
gitis) and/or a probable acute bacterial meningitis sample,
defined by cytological and biochemical CSF characteristics
as the reference (gold) standard.

The following performance parameters were evaluated:
sensitivity, specificity, accuracy (efficiency), positive predic-
tive value (PPV), negative predictive value (NPV), Youden’s
index (J) = [(sensitivity + specificity) - 1], false positive (FP)
rate (%) = 100 - PPV, presumptive positive = (true positive (TP)
+ FP)/total, detection rate = TP/total, error ratio = (FP + false
negative (FN))/TP, combined error = FP + FN/total®. Clinical
utility index + (CUI+) to rule in, PPV x sensitivity; clinical
utility index - (CUI-) to rule out (screening), NPV x speci-
ficity. The CUI was classified as utility excellent > 0.81, good
> 0.64, fair > 049, poor < 0.49, and very poor < 0.36*'. The
positive likelihood ratio (LR+) and negative likelihood ratio
(LR-) were also determined. An LR+ of 10.0 or more indicated

Table 1. Epidemiological, cytological and biochemical characteristics in cerebrospinal fluid of all the groups studied.

Variable Group 1 Group 2 Group 3 Group 4 p-value
N 7 17 8 4 -
Age, years 43(2;66.5) 12(2;47) 15 (3.8;46) 24 (4;40)" 0.940
Male, n (%) 5/7 (71) 10/17 (59%) 5/8 (63%) 2/4 (50%) 0.904
RBC, cells/mm?® 140(12,5;1880) 295 (82.5;2215) 106 (1.85;417) 223 (4.6; 2500)" 0.331
WBC, cells/mm? 975 (543;4731) 480 (170; 2640) 61 (33;105) 1.5(0.3;4.7) 0.0002
Neutrophils, % 79 (61;96) 79 (66;93) 4.0 (2.5; 16) = 0.0004
Lymphocytes, % 16 (3;28) 21 (4.5;28) 86 (70; 94.5) - 0.0003
Glucose, mg/dL 4.8(2;18.3) 40 (5;61) 58 (52;63) 76.5 (65;92.0)" 0.002
CSF/serum Glucose - 0.88(0.02;0.89) 0.55(0.53;0.73) 0.73(0.55;1.0)" 0.410
Total Protein, mg/dL 245 (227;1431) 218(41; 345) 54 (29.7; 84) 42.5 (25;54)" 0.039
Lactate, mmol/L - 3.9(2.2;13.4)" 2.1(1.8;2.7) 1.6 (1.3;2.0)" 0.024
Gram 5(71%) 2(12%) 0 0 =
LAT n (%) 3 (43%) 6 (35%) 0 0 -
Multiplex PCR n (%)? 5(71%) 11 (65%) 3 (38%) 0 0.067

RBC:red blood cells; WBC: white blood cells; Data presented in median (IQR) or n (%) as appropriate; ':min, max; 2 G1xG2; p = 1.0; LAT: latex agglutination testing;
PCR: polymerase chain reaction. Significant differences are highlighted in bold.
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that a positive test almost confirmed the disease, a value of
approximately 6.0 indicated that the disease was present,
and a value of approximately 1.0 indicated that the test could
not show if there was disease or not"'% An LR+ of 0.1 or less
meant that the disease was practically absent.

The post-test probability for a positive test and for a nega-
tive test was calculated using the Fagan's nomogram'**.

Statistical analysis

Categorical variables were compared between groups
using Fisher's exact test; continuous variables were com-
pared with the Mann-Whitney or Kruskal-Wallis test for non-
parametric data, as appropriate. Results were considered sta-
tistically significant at the 5% alpha level.

The concordance between the different methods to
detect the etiological agent for bacterial meningitis in all the
groups was determined by the Kappa statistic, where com-
plete agreement corresponds to kappa = 1, and lack of agree-
ment (i.e. purely random coincidences of rates) corresponds
to kappa = 0.

RESULTS

Among the group with definite acute bacterial meningitis
(Group 1), five were also positive by multiplex PCR for N. men-
ingitidis (n = 2), S. pneumoniae (n = 2), or H. influenzae (n = 1).
Two samples were negative by multiplex PCR but positive for
L. monocytogenes on CSF culture. In Group 2, 11 culture-nega-
tive samples were multiplex PCR positive for S. pneumoniae (n
=4), N. meningitidis (n = 6), or S. agalactiae (n = 1); in Group 3,
three samples were multiplex PCR positive for S. pneumoniae.

Gram staining was positive and multiplex PCR was negative
in two cases, with one sample showing Gram-positive bacilli,
which in culture was identified as L. monocytogenes (Group 1),
and another showing Gram-negative bacilli (Group 2).

All cases positive by LAT were in concordance with mul-
tiplex PCR results. Multiplex PCR was positive and latex neg-
ative in seven cases: N. meningitidis (n = 3), S. pneumoniae
(n = 2), Haemophilus sp. (n = 1), S. agalactiae (n = 1).

Operational characteristics of multiplex PCR for
CSF of acute bacterial meningitis

The sensitivity and NPV of the multiplex PCR assay for
the group with definite bacterial meningitis were high at
71.4% and 88.2%, respectively, whereas for the group with
CSF cellular and biochemical characteristics of bacterial
meningitis, but with negative culture results, the sensitiv-
ity decreased to 64.7%, although the specificity increased
to 75.0%, the PPV to 78.6%, and the efficiency increased to
69.0%. The association of well-established diagnostic meth-
ods, chiefly culture with LAT, showed the highest sensitivity
(84.6%) and efficiency (72%).

The positive likelihood ratios of all groups studied were
greater than 1, indicating that the test result was associated
with the presence of disease.

The operational characteristics of multiplex PCR for CSF
samples of acute bacterial meningitis are shown in Table 2.

The post-test probabilities for a positive and a negative
test calculated by the Fagans nomogram for the multiplex
PCR assay on CSF for bacterial meningitis in the groups stud-
ied are shown in Figure 2A-D. The groups that showed the
highest increase in the post-test probability for a positive test
were the group that had positive CSF cultures for bacteria

Table 2. Performance characteristics of multiplex PCR assay for the diagnosis of acute community-acquired bacterial meningitis.

Meningitis Definite’ Gulture + and/ Probable? Definite +
N 7 13 17 24
TP 5 11 11 16
Sensitivity % 71.4 84.6 64.7 66.7
Specificity % 51.7 65.2 75.0 75.0
PPV % 26.3 57.9 78.6 84.2
NPV % 88.2 88.2 60.0 52.9
Efficiency % (test score) 55.6 72.2 69.0 69.4
Youden Index 0.23 0.50 0.40 0.42
False + rate % 73.7 421 21.4 15.8
Presumptive + % 52.8 52.8 48.3 52.8
Detection rate % 71.4 84.6 64.7 66.7
Error rate 3.2 0.91 0.82 0.69
Combined error 0.44 0.28 0.31 0.31
LR+ 1.48 2.43 2.59 2.67
LR- 0.55 0.24 0.47 0.44
CUI+ 019 0.49 poor 0.51 fair 0.56
CUI- 0.46 0.58 fair 0.45 poor 0.40

PCR: polymerase chain reaction;'definite acute bacterial meningitis, CSF culture for bacteria positive; 2: probable acute bacterial meningitis, CSF culture for
bacteria negative; TP: true positive; PPV: positive predictive value; NPV: negative predictive value; LR+: positive likelihood; LR-: negative likelihood; CUI+: Clinical

utility +; CUI-: Clinical utility; LAT: latex agglutination testing.
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Figure 2. Fagan's nomogram showing the posterior probability for a positive (blue line), and for a negative (red line) test multiplex
PCR assay in CSF for bacterial meningitis, in the groups studied. A. Group with definite meningitis. For a positive test: Positive
Likelihood ratio [95% confidence intervall: 1.48 [0.81; 2.70]; Posterior probability (odds): 26% (0.4) [16%; 39%]; approximately 1in
3.8 with positive test are sick. For a negative test: Negative Likelihood ratio: 0.55 [0.16; 1.88]. Posterior probability (odds): 12% (0.1)
[4%;31%]; approximately 1in 1.1 with negative test are well. B. Group definite plus probable meningitis. For a positive test: Positive
Likelihood ratio [95% confidence interval]: 2.67 [0.96; 7.40]; Posterior probability (odds): 84% (5.3) [66%:;94%]; approximately 1in
1.2 with positive test are sick. For a negative test: Negative Likelihood ratio: 0.44 [0.23; 0.85]; Posterior probability (odds): 47% (0.9)
[32%;63%]; approximately 1in 1.9 with negative test are well. C. Group with probable meningitis. CSF characteristics of bacterial
meningitis but CSF culture for bacteria negative. For a positive test: Positive Likelihood ratio [95% confidence intervall: 2.59 [0.91;
7.33]; Posterior probability (odds): 79% (3.7) [56%; 91%]; approximately 1 in 1.3 with positive test are sick. For a negative test:
Negative Likelihood ratio: 0.47 [0.23,0.97]; Posterior probability (odds):40% (0.7) [26%; 58%]; approximately 1 in 1.7 with negative
test are well. D. Association of CSF culture positive and latex. For a positive test: Positive Likelihood ratio:2.44% [1.33; 4.46]; Posterior
probability (odds): 58% (1.4) [43%; 72%]; approximately 1in 1.7 with positive test are sick. For a negative test: Negative Likelihood
ratio: 0.25% [0.06; 0.87]; Posterior probability (odds):12% (0.1), [3%; 33%]; approximately 1 in 1.1 with negative test are well.
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Table 3. Association of traditional microbiological methods
with immunological and molecular biology methods in CSF
for etiological diagnosis of acute bacterial meningitis in the
groups, with CSF biochemistry and cell characteristics of
acute bacterial meningitis with and without positive culture
(Group 1Tand 2,n = 24).

Microbiological methods in CSF N %

Gram 7 29.2
Culture 7 29.2
LAT 9 375
Multiplex PCR 16 66.7
Gram; Culture 9 37.5
Gram; Latex 12 50.0
Gram; Multiplex PCR 18 75.0
Culture; LAT 13 54.2
Culture; Multiplex PCR 18 75.0
LAT; Multiplex PCR 16 66.7
Gram; Culture; LAT 14 58.3
Gram; Culture; Multiplex PCR 19 79.2
Gram; LAT; Multiplex PCR 18 75.0
Culture; LAT; Multiplex PCR 18 75.0
Gram; Culture; LAT; Multiplex PCR 19 79.2

LAT: latex agglutination testing; PCR: polymerase chain reaction.

(definite) plus the group with CSF cellular and biochemical
characteristics of acute bacterial meningitis but with a neg-
ative CSF culture result (probable meningitis); the posterior
probability (odds) for a positive test was 84% (Figure 2B). The
results of analyzing only the group with probable meningitis
for a positive test result yielded a posterior probability (odds)
of 79% (Figure 2C).

Likelihood ratios, positive or negative, are show in Table 3.
Among the four groups studied, the most compelling argu-
ment for acute bacterial meningitis, was due to the greatest
LR+ in the groups with probable and the group with the asso-
ciation of definite and probable meningitis, which increased
the probability of acute bacterial meningitis to 15-20%
(LR+ = 2.6)" The four groups studied showed similar compel-
ling arguments against the diagnosis of acute bacterial men-
ingitis, because LR- values were close to zero, which reduced
the probability of acute bacterial meningitis about 15-30%.

Association of traditional microbiological methods
with immunological and/or molecular biology
methods to identify etiological agents of acute
bacterial meningitis in CSF

Table 3 summarizes the positivity rate of the individual
microbiological assays in CSF for the diagnosis of acute bac-
terial meningitis, as well as the association of traditional
microbiological methods with immunological and/or molec-
ular biology methods, in the groups with CSF biochemical
and cellular characteristics of acute bacterial meningitis
with and without culture positivity (Groups 1 and 2, n = 24).

Anincreased positivity rate was observed when several meth-
ods were used together, mainly the traditional microbiologi-
cal methods with multiplex PCR.

Concordance between multiplex PCR in CSF and
traditional bacteriological methods or the latex
agglutination test (Kappa statistics)

For CSF multiplex PCR and culture, concordance was
observed for 20 CSF samples (55.6%), resulting in a kappa
index of 0.14, standard deviation (SD) of 0.16, and 95% con-
fidence interval (95%CI) of -0.174 to 0.54, showing poor con-
cordance. Two cases with positive CSF culture for L. monocy-
togenes were multiplex PCR negative.

In terms of results for CSF multiplex PCR and LAT in CSF
(Groups 1 and 2), there was concordance in 17 CSF samples
(70.8%), with a kappa index of 0.46, SD of 0.17, and a CI 95%
of 0.126 to 0.797, showing moderate concordance. No cases
were LAT positive and multiplex PCR negative.

Data analysis for CSF multiplex PCR and Gram staining
smear results in CSF (Groups 1 and 2), showed concordance
in 12 CSF samples (50%), with a kappa index 0.15, SD of 0.17,
and CI 95% of -0.193 to 0.489), showing poor concordance. The
only bacteria identified by Gram staining smear with negative
multiplex PCR results, were Gram-negative bacilli (one case).

DISCUSSION

This study aimed to evaluate the operational characteris-
tics of multiplex PCR for CSF samples, with negative bacte-
rial cultures (possible bacterial meningitis) and positive cul-
tures (definite bacterial meningitis). Multiplex PCR on CSF
was an efficient method in all groups studied. In the group
with CSF cellular and biochemical characteristics of acute
bacterial meningitis but negative culture for bacteria, the
specificity, PPV, and efficiency were high; however, in the cul-
ture-positive group (definite) the sensitivity and NPV were
high. The concurrent use of etiological diagnostic methods,
chiefly culture and LAT, showed the highest sensitivity and
efficiency. The positive likelihood ratios of all groups studied
were greater than 1, indicating that the test results were asso-
ciated with the presence of disease.

We showed that multiplex PCR had poor diagnostic
ability for culture-proven meningitis by L. monocytogenes,
although the number of cases was too small to allow a defi-
nite conclusion. Another study that evaluated the accuracy
of PCR in comparison to conventional methods for the diag-
nosis of L. monocytogenes from different clinical specimens
and food stuffs showed low accuracy®. L. monocytogenes
meningitis is uncommon in the general population, but it is
a severe infection in neonates and the elderly, immunocom-
promised, pregnant, and cancer patients®.

The development of rapid etiological diagnostic methods
for acute bacterial meningitis is crucial. Gram staining and
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LAT are point-of-care diagnostic tests; however, both have
important limitations in terms of sensitivity and specificity.
The CSF culture remains the diagnostic gold standard for
detection of pathogens in CSF specimens, although it takes
12 to 48 hours for a definite diagnosis, has severe limitations
for samples from patients who previously received antibiot-
ics, and depends largely on the quality of the sample sent to
the laboratory". Traditional bacteriological methods have
low sensitivity for the etiologic diagnosis of acute bacterial
meningitis. The performance of direct bacterioscopic exami-
nation through Gram staining is obligatory for all CSF sam-
ples with a suspicion of bacterial meningitis, as it is a simple
and very effective procedure'®. The probability of visualizing
bacteria in CSF samples that have undergone Gram staining
depends on the quality of the smear preparation. The bacte-
rial concentration is directly related to the sensitivity of the
direct bacterioscopic examination; the percentage of positive
samples is 25% when the concentration is less than or equal
to 10° CFU/mL, and it increases to 60% with 10*-10° CFU/mL
and 97% with more than 10° CFU/mL"*%.,

Newer technologies, such as multiplex PCR, may help
provide a quicker and more accurate diagnosis'. There has
been much interest in the development of standardized
molecular tests for the diagnosis of meningitis®>. Molecular
biological methods are important alternatives, and multiplex
technology was a great advance in the basic PCR technique.
Multiplex PCR can be helpful as an associated method, with
the main limitations including the presence of inhibitory fac-
tors such as DNAse and the necessity to collect the samples
in DNAse-free vials. Alternative methods of molecular iden-
tification, including 16S/23S rRNA gene amplification, fol-
lowed by sequencing and real time PCR, have been devel-
oped’. Several multiplex PCR assays for the simultaneous
detection of S. pneumoniae, H. influenzae, and N. meningitidis
have been established”*?***>?¢ However, their application as
a first-line diagnostic test remains controversial®>**.

If the lumbar puncture is delayed until after antibiotics
have been given, the likelihood of identifying an organism may
be reduced by up to 44%**. Molecular methods are, there-
fore, becoming increasingly important for diagnosis. The most
common of these is PCR, which can detect organisms in blood
or CSF for several days after antibiotics have been given®'.
This method has high sensitivity (87-100%) and specificity
(98-100%)***334%_There has been much interest in the ability
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to detect multiple pathogens with one platform, such as mul-
tiplex PCR and 16S rRNA PCR**. The 16S rRNA gene is pres-
ent in almost all bacteria; one meta-analysis® has shown 16S
rRNA PCR to be both sensitive and specific for the diagnosis of
bacterial meningitis compared with standard culture (pooled
sensitivity of 92% and specificity of 94%!'.

The UK Joint Specialist Societies guideline on the diag-
nosis and management of acute meningitis in immunocom-
petent adults recommends that CSF PCR for pneumococcal
and meningococcal sepsis should be performed in all cases of
suspected bacterial meningitis®.

Disadvantages of PCR compared to CSF culture include
the lack of an isolate on which traditional antimicrobial sus-
ceptibility testing can be performed. There are PCR assays
now available for both serogrouping and serotyping, which
can be used for surveillance and vaccine evaluation*. There
are differences in the accuracy of PCR for different bacteria
causing meningitis, with the sensitivity of PCR on CSF in bac-
terial meningitis calculated as 61-100% for S. pneumoniae,
88-94% for N. meningitidis, and 72-92% for H. influenzae™™.

The present study is not free of limitations; the main limi-
tation was the small number of culture positive CSF samples.
The small number of samples with different bacteria identified
limited the evaluation of the accuracy of multiplex PCR for
each type of bacterium. In the group with lymphocytic menin-
gitis suggestive of viral meningitis (Group 3), none of the CSF
samples tested positive for virus by PCR. Three samples in this
group were multiplex PCR positive for S. pneumoniae; these
results were considered false positives, although classical CSF
biochemistry and cell characteristics may not always be pres-
ent in bacterial or viral meningitis. The CSF characteristics of
bacterial meningitis can resemble viral meningitis, with pre-
dominance of lymphocytes, in partially-treated bacterial men-
ingitis or immunosuppressed patients®.

In conclusion, multiplex PCR was shown to have a high
specificity and negative predictive value, demonstrating the
utility of this method in a clinical setting. Multiplex PCR
should be used as a complement to classical bacteriological
methods, as well as conventional microscopy, culture meth-
ods, and clinical algorithms. Multiplex PCR of the CSF proved
to be a valuable method for improving the rapidity and accu-
racy of a diagnosis of bacterial meningitis, even in cases with
CSF cytochemical characteristics of acute bacterial meningi-
tis but negative culture results.
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