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Multiplex-PCR for diagnosis of bacterial meningitis
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Abstract
Considering the great lethality and sequels caused by meningitis, rapid diagnosis and prompt treatment initiation have a great
impact on patient outcome. Here, we developed a multiplex-PCR for simultaneous detection of the four most prevalent bacterial
pathogens directly in CSF samples. The multiplex-PCR was designed to detect the following genes: fbsA (Streptococcus
agalactiae), lytA (Streptococcus pneumoniae), crtA (Neisseria meningitidis), p6 (Haemophilus influenzae), and 16S rRNA
(any bacterial agent). The multiplex-PCR showed a DNA detection limit of 1 pg/μL. Among 447 CSF samples tested, 40 were
multiplex-PCR positive, in which 27 and 13 had positive and negative bacterial culture, respectively. Our multiplex-PCR is fast,
reliable, and easily implementable into a laboratory routine for bacterial meningitis confirmation, especially for patients who
previously started antimicrobial therapy. Our molecular approach can substantially improve clinical diagnosis and epidemiolog-
ical measures of meningitis disease burden.
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Introduction

Bacterial meningitis is one of the major infectious processes of
the central nervous system (CNS) and consists in an inflam-
mation of the protective membranes covering the brain and
spinal cord due to bacterial infection of the cerebrospinal fluid
(CSF) [1]. Several bacterial species are related to meningitis,
and the leading causes around the world include Neisseria
meningitidis, Haemophilus influenzae, Streptococcus
pneumoniae, and Streptococcus agalactiae [1, 2]. Patients’
susceptibility to pathogens seems to be related to age, where

it is possible to find certain pathogens affecting groups of
neonates, children from 1 month to 15 years old, and adults
[3–8]. Usually, from 0 to 30 days of life, the major etiological
agents are Listeria monocytogenes, S. agalactiae, Escherichia
coli, and other bacteria from Enterobacteriaceae [7]. In the age
of 1 month to 15 years, the most frequent agents are
H. influenzae, N. meningitidis, and S. pneumoniae [4, 6],
while in adults are N. meningitidis and S. pneumoniae [5, 8].

When the patient presents signs and suggestive symptoms of
meningitis, physicians promptly request the lumbar puncture of
the CSF to accomplish the diagnosis of the disease. CSF should
be analyzed immediately, including physical, cytological, bio-
chemical, microbiologic, and immunologic parameters [1, 9].
Given the high mortality of bacterial meningitis, starting antimi-
crobial therapy and carrying out the diagnostic process should be
done simultaneously in most cases. Frequently, the treatment
must begin as soon as possible, even before lumbar puncture of
the CSF [1, 2]. This procedure makes it difficult to confirm the
diagnosis by inhibiting the growth of the bacterial pathogen in
the microbiology laboratory. Nevertheless, confirmation of the
diagnosis must not delay antimicrobial therapy [10]. Therefore,
the development of rapid diagnostic tests which detect a range of
common bacterial-causing meningitis has been highly recom-
mended by physicians and public health organizations.
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To diagnose bacterial meningitis, CSF examination is
mandatory. The CSF culture is the Bgold standard^ for
diagnosis and obligatory to obtain the in vitro susceptibil-
ity of the causative microorganism and to rationalize an
appropriate antimicrobial therapy [3]. At the clinical lab-
oratory, CSF Gram staining assists in the presumptive
diagnosis of the microorganism in 50–90% of cases while
CSF culture is positive in approximately 80% of the sam-
ples from untreated patients [9]. However, the sensitivity
of Gram staining significantly decreases when patient is
under antimicrobial therapy prior to obtaining the CSF
sample. Additionally, latex particle agglutination tests
can also assist in the presumptive diagnosis of the micro-
organism, detecting antigens of N. meningitidis ,
H. influenzae, S. pneumoniae, and S. agalactiae [11].
Although the latex particle agglutination tests seems to
be more sensitive than Gram staining and bacterial culture
in identifying fastidious organisms, the combinations of
these techniques have a greater diagnostic potential [11].
However, the incremental yield of CSF Gram staining and
latex particle agglutination tests is sometimes limited.

In recent decades, molecular methods, such as polymerase
chain reaction (PCR), have provide additional aid in recogniz-
ing etiological pathogens of meningitis [12–16]. Molecular
tools have been shown to be fast, cheap, and efficient in iden-
tifying different microorganisms, such as bacteria, viruses, or
fungi. Regarding bacterial meningitis, a repertoire of research
works reported that molecular diagnostic methods can be sen-
sitive and specific for different organisms and can be applied
to detect pathogens in CSF samples from patients in whom
cultures remain negative or those who were pretreated with
antimicrobials. Moreover, one of the great advantages of PCR
is the use of a small volume of clinical sample for the molec-
ular assay.

In the present work, we developed a multiplex-PCR for
simultaneous detection of the leading causes of bacterial men-
ingitis, being H. influenzae, N. meningitidis, S. agalactiae,
and S. pneumoniae. Moreover, other possible bacterial patho-
gens can also be detected using the 16S rRNA gene in the
multiplex-PCR. This diagnostic test was fast, reliable, and
easily implementable into a laboratory routine. This molecular
approach can considerably improve clinical diagnosis and ep-
idemiological measures of meningitis disease burden.

Material and methods

Clinical specimens

The CSF samples were obtained from the Academical
Hosp i t a l o f Univers i ty of São Paulo (Hosp i t a l
Universitário da Universidade de São Paulo - HU-USP)
and from the Institute of Infectology Emílio Ribas

(Instituto de Infectologia Emílio Ribas - IIER). This study
was approved by the Ethics Committee of the HU-USP
(protocol number 45904) and the IIER (protocol number
3807). The CSF samples were collected by lumbar punc-
ture by specialized professionals and sent to the hospital
clinical laboratory for microbiological, biochemical, cyto-
logical, and immunological analyzes. An aliquot of CSF
samples was separated to be used in the multiplex-PCR
diagnostic test. A total of 447 CSF samples were analyzed,
being 27 positives and 420 negatives for bacteriological
culture (Table 1). The samples were divided in three
groups (G I, G II, G III) according to CSF biological pa-
rameters (Table 2).

Bacterial strains and culture methods

The clinical isolates of N. meningitidis, H. influenzae,
N. gonorrhoeae, S. agalactiae, S. pneumoniae, S. pyogenes,
Enterococcus faecalis, S. aureus, L. monocytogenes,
Pseudomonas aeruginosa, Salmonella Typhi, E. coli,
Citrobacter koseri, Klebsiella pneumoniae, and Shigella
flexneri used during PCR standardization were provided by
the HU-USP. They were store at − 80 °C in Tryptic Soy Broth
(TSB) (Oxoid) with 15% of glicerol. They were cultured on
chocolate blood agar and incubated at 37 °C for 18 to 48 h
with 5% CO2, before DNA extraction.

CSF sample procedure for the multiplex-PCR assay

The CSF samples were aliquoted into microtubes in a volume
of 50 μL or lower. The samples were then boiled for 15 min,
followed by an ice bath thermal shock for an additional
15 min. These samples were then stored in freezer − 25 °C
for their subsequent use in the multiplex-PCR assay.

Table 1 Cerebrospinal fluid samples from hospitals

Bacteriological culture
results

No. of samples
from HU-USP

No. of samples
from IIER

Total of
samples

Haemophilus influenzae 0 0 0

Neisseria meningitidis 11 0 11

Streptococcus agalactiae 0 0 0

Streptococcus pneumoniae 12 1 13

Pseudomonas aeruginosa 2 0 2

Klebsiella pneumoniae 1 0 1

Negative culture 412 8 420

Total of samples 438 9 447

HU-USP, Hospital Universitário da Universidade de São Paulo
(Academical Hospital - University of São Paulo); IIER, Instituto de
Infectologia Emílio Ribas (Institute of Infectology Emílio Ribas)
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Bacterial DNA extraction

The total DNA from H. influenzae, N. meningitidis,
S. agalactiae, and S. pneumoniae was extracted by the
Wizard ® Genomic DNA purification kit (Promega,
Madison, USA) according to manufacturer’s instructions.
The extracted DNAs were quantified by NanoDrop ND, di-
luted to different concentrations for the evaluation of the sen-
sitivity and specificity of the multiplex-PCR proposed diag-
nostic test.

Clinical bacterial lysates

The clinical isolates of N. meningitidis, H. influenzae,
N. gonorrhoeae, S. agalactiae, S. pneumoniae, S. pyogenes,
Enterococcus faecalis, S. aureus, L. monocytogenes,
P. aeruginosa, Salmonella Typhi, E. coli, C. koseri,
K. pneumoniae, and Shigella flexneri were cultured on choc-
olate blood agar and subcultivated in TSB until they reach an
absorbance of 0.08 to 0.10 achieved at 625 nm. An aliquot of
10 μL of resuspended bacteria was transferred to a tube con-
taining 60μL of sterile reagent grade water. The samples were
then boiled for 15 min, followed by an ice bath thermal shock
for an additional 15 min, and were subsequently stored at −
25 °C for subsequent use in the multiplex-PCR assay.

Multiplex-PCR primers and reaction conditions

The primers used in multiplex-PCR are specified in Table 3.
Primers used to amplify the capsular transport gene crtA from

N. meningitidis and the autolysin gene lytA from
S. pneumoniae were obtained from literature [12, 17].
Specific primers for the following targets were designed based
on DNA sequences deposited in GeneBank: 16S rRNA gene,
the outer membrane protein gene p6 from H. influenzae, and
fibrinogen receptor gene fbsA from S. agalactiae. Multiplex-
PCR was performed in a 20 μL reaction volume, containing
0.4 μMof each primer, except for the 16S rRNA gene (0,2 μM
of each primer), 150 μM (each) deoxyribonucleoside triphos-
phates, 1.5 mM of MgCl2, 2 μL of tenfold-concentrated po-
lymerase synthesis buffer, 1.5 U of Taq DNA polymerase
(Fermentas Life Sciences), and 2 μL of DNA template. The
PCR conditions included denaturation for 30 s at 95 °C, an-
nealing for 30 s at 60 °C, and extension for 60 s at 72 °C for
40 cycles. PCR products were separated on a 1.5% (wt/vol)
agarose gel for 1.5 h at 9.5 V/cm and visualized after ethidium
bromide staining. A 100-bp DNA ladder (Invitrogen) was
used as an external fragment size standard.

Multiplex-PCR specificity assessment

To test the specificity of the multiplex-PCR diagnostic test, we
used different clinical isolates (N. meningitidis, H. influenzae,
N. gonorrhoeae, S. agalactiae, S. pneumoniae, S. pyogenes,
E. faecalis, S. aureus, L. monocytogenes, P. aeruginosa,
Salmonella Typhi, E. coli, C. koseri, K. pneumoniae, and
Shigella flexneri as well as six samples of CSF positive for
Cryptococcus neoformans and two samples of CSF positive
for Candida albicans). For the clinical isolates, we used bac-
terial lysates as DNA template, while CSF samples were treat-
ed as described above.

Evaluation of multiplex-PCR diagnostic test
performance

The diagnostic accuracy of the multiplex-PCR was evaluated
by positive percent agreement (PPA) and negative percent
agreement (NPA), calculated in accordance with the
BStatistical Guidance on Reporting Results from Studies
Evaluating Diagnostic Tests^ from the Food and Drug
Administration (FDA). The PPA and NPA refer to the extent
of agreement between the outcome of the multiplex-PCR and
the non-reference standard, which was the isolation of patho-
gens by microbiological culture. For the mathematical calcu-
lation, we use the following formula: PPA = 100%× a/(a + c)
and NPA = 100%× d/(b + d); a = non-reference standard pos-
itive and multiplex-PCR positive; b = non-reference standard
negative and multiplex-PCR positive; c = non-reference stan-
dard positive and multiplex-PCR negative; d = non-reference
standard negative and multiplex-PCR negative. The kappa
coefficient (95% CI) was analyzed using Microsoft Excel.
The results may vary from − 1 to + 1. Values smaller than
0.2 mean small agreement, values between 0.21 and 0.40 are

Table 2 Classification of CSF by biological parameters and main
pathological alterations

Group No. of
samples
(total)

Bacterial
culture

Clinical parameters (No. of samples)

G I 27 + Cytology ≥ 100mm3, protein ≥ 40 mg/dL,
glucose ≤40 mg/dL,
polymorphonuclear cells ≥ 50%, latic
acid ≥ 40 mg/dL, positive latex
agglutination and/or direct gram stain-
ing (27 samples)

G II 389 – Cytology ≥ 100mm3, protein ≥ 40 mg/dL,
glucose ≤ 40 mg/dL,
polymorphonuclear cells ≥ 50%, latic
acid ≥ 40 mg/dL, positive latex
agglutination and/or direct gram stain-
ing (376 samples with one or more of
these clinical parameters and 13 sam-
ples with all these clinical parameters)

G III 31 – No biochemical or cellular alterations that
could suggest a bacterial meningitis (31
samples)
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fair agreement, values between 0.41 and 0.60 are of moderate
agreement, values between 0.61 and 0.80 are of substantial
agreement, and values between 0.81 and 1.00 reflect near
perfect agreement [18].

Results

The multiplex-PCR assay showed specific
amplification of all targets

The targeted etiological agents in this study were
H. influenzae , N. meningitidis, S. agalactiae , and
S. pneumoniae. The multiplex-PCR reaction designed in this
study efficiently amplified the crtA (N. meningitidis), lytA
(S. pneumoniae), p6 (H. influenzae), fbsA (S. agalactiae),
and 16S rRNA genes (Fig. 1). For the evaluation of the
multiplex-PCR specificity, we tested a broad of clinical bac-
terial isolates. Unspecific amplification products were ob-
served when S. aureus, P. aeruginosa, K. pneumoniae,
C. koseri, and N. gonorrhoeae were tested, but none of them
with the same size as those observed for the target genes lytA,
CrtA, fbsA, and p6. Of note, unspecific bands had a much
lower intensity then those observed with specific targets
(Fig. 2). The amplicons corresponding to the 16S rRNA gene
were detected for all bacterial species. No amplification was
detected using CSF samples positive for fungi.

The lower detection limit of the multiplex-PCR
designed in this study is 1 pg/μL

To determine the lower detection limit of the multiplex-PCR
assay, we evaluated decreasing concentrations of purified ge-
nomic DNA from S. pneumoniae , H. influenzae ,
S. agalactiae, and N. meningitidis, in a range from 1000 pg/
μL to 0.1 pg/μL per reaction. For the four pathogens targeted
in this assay, the limit of detection was 1 pg/μL (Fig. 3).

The multiplex-PCR test detected bacterial DNA
in both culture-positive and culture-negative CSF
samples

The multiplex-PCR test was applied in 447 CSF samples
(Table 1). The CSF samples were divided according to clinical
parameters and bacterial culture data (Table 2). For the clinical
samples positive for bacterial culture (group I), all 27 samples
were also positive for multiplex-PCR. Of these samples, 11
were identified as N. meningitidis, 13 as S. pneumoniae, and
three were positive only for the 16S rRNA gene (Table 4). The
three bacteria detected only by the 16S rRNA gene were iden-
tified as K. pneumoniae (one isolate) and P. aeruginosa (two
isolates) (Table 4). Concerning the clinical samples negative
for bacterial culture (group II), 13 CSF samples were positive
for multiplex-PCR (Table 4). All 389 CSF samples from this
group presented some biochemical, microbiological
(bacterioscopy), immunological (latex agglutination), or he-
matological alterations suggestive of bacterial meningitis
(number of leukocytes above 100 cells/mm3, percentage of
neutrophils above 50%, glucose below 40 mg/dL, lactate
above 40 mg/dL, and protein above 40 mg/dL) (Table 2). In
the 13 CSF samples from group II that were positive for mul-
tiplex-PCR, three N. meningitidis, three S. pneumoniae, and
one S. agalactiae were detected. The other six CSF samples
were positive only for the 16S rRNA gene, evidencing the
presence of another bacterial pathogen (Table 4). All these
13 patients presented clinical evidences of meningitis, with
significant biochemical and cellular alterations in the CSF
samples (Table 5). No samples from group III were
multiplex-PCR positive (Table 4). These samples were phys-
iologically and biochemically normal (Table 2) and were neg-
ative for bacterial culture (Table 4).

The multiplex-PCR diagnostic test demonstrated an overall
PPA of 100% (27/27) and NPA of 96.7% (407/420) when the
results were compared with the non-reference standard, which
was the isolation of pathogens by the routine microbiological
culture. The test showed a substantial correlation (kappa,

Table 3 Primers used in multiplex-PCR reaction

Target Gene Bacterial species Sequence (5′➔ 3′) Amplicon (bp) Reference

p6 Haemophilus influenzae Foward - ACGATGCTGCAGGCAATGGT 177 This study
Reverse - ATACTTTAGCAGCTGGCGTTGC

crtA Neisseria meningitidis Foward - GCTGCGGTAGGTGGTTCAA 110 [12]
Reverse - TTGTCGCGGATTTGCAACTA

fbsA Streptococcus agalactiae Foward - AGAGCGTCGTCAACGTGATGC 529 This study
Reverse - AAGTCACCCTAACCAACCTAA

lytA Streptococcus pneumoniae Foward - GGCTACTGGTACGTACATTC 395 [17]
Reverse - AATCAAGCCATCTGGCTCTA

16S rRNA universal Foward - CAGCAGCCGCGGTAATAC 283 This study
Reverse - ACCAGGGTATCTAATCCTGT

bp, base pairs
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0.791; 95% CI) with the conventional methods for the detec-
tion of bacterial in CSF specimens from meningitis-suspected
patients. Additionally, the multiplex-PCR diagnostic test ap-
proach takes approximately 3 h for the release of the clinical
result. The non-standard method of microbiological culture
takes from 3 to 7 days for the detection of specific meningitis
bacterial pathogens.

Discussion

In the present work, we develop a rapid and accurate
multiplex-PCR for simultaneous detection of S. pneumoniae,
H. influenzae, S. agalactiae, N. meningitides, and other pos-
sible bacterial pathogens directedly in CSF samples, without
prior extraction of bacterial DNA by commercial kit. The
multiplex-PCR was inexpensive, affordable, sensitive, and
specific, detecting small amount of DNA samples, and did
not cross-react with fungi or other bacterial pathogens.
Moreover, our multiplex-PCR test was more sensible than
bacterial culture, providing the identification of bacterial path-
ogens in culture-negative CSF samples in 3 h. This molecular

approach increases the quantification of the etiology for men-
ingitis, and enabling the detection after antibiotic treatment
has been installed.

Bacterial meningitis is a serious and often fatal infection
that affects the CNS. Microbiological culture, Gram staining,
and latex agglutination tests have been routinely used in the
detection and identification of CSF bacteria [1]. However, the
definitive diagnosis of bacterial meningitis is only obtained
after the conclusion of the culture, around 72 h. The sensitivity
of these preliminary analyzes is affected by several factors
such as detection threshold, sample quality and quantity of
microorganisms in the clinical sample [9]. In fact, the sensi-
tivity of the bacterial culture technique in CSF samples is
around 85% in patients without antimicrobial therapy [1, 9,
10]. Moreover, there is approximately a 30% reduction in the
identification of the etiology of meningitis when the patient is
under antimicrobial therapy prior to lumbar puncture, since
antimicrobials inhibit bacterial growth in the microbial culture
media [12]. Molecular approaches can subvert these recurring
clinical laboratory problems due to their greater sensitivity in
the detection of smaller number of bacteria in the clinical
sample, which do not necessarily have to be viable.

Fig. 2 Multiplex-PCR performed with different microorganisms. Lysates
of different bacterial species and CSF samples positive for Candida
albicans and Cryptococcus neoformans were tested by the multiplex-
PCR. The electrophoretic separation was performed in agarose gel. 1—
molecular weight marker of 100 bp, 2—Enterococcus faecalis, 3—
Streptococcus pyogenes, 4—Cryptococcus neoformans, 5—Candida
albicans, 6—Staphylococcus aureus, 7—Escherichia coli, 8—
Salmonella typhi, 9—Pseudomonas aeruginosa, 10—Shigella flexneri,
11—Listeria monocytogenes, 12—Streptococcus agalactiae, 13—

Klebsiella pneumoniae, 14—Citrobacter diversus, 15—Neisseria
gonorrhoeae, 16—Neisseria meningitidis, 17—Streptococcus
agalactiae, 18—Haemophilus influenzae, 19—Streptococcus
pneumoniae, 20—molecular weight marker of 100 bp. Amplicons size
correspond to Streptococcus agalactiae—fbsA gene (529 bp),
Streptococcus pneumoniae—lytA gene (395 bp), 16S rRNA gene
(283 bp), Haemophilus influenzae—p6 gene (177 bp), Neisseria
meningitidis—crtA gene (110 bp). bp, base pairs

Fig. 1 Multiplex-PCR to determine bacterial pathogens related to
meningitis. Electrophoretic separation of amplicons from multiplex-
PCR developed for the detection of four bacterial species:
Streptococcus agalactiae, Streptococcus pneumoniae, Haemophilus
influenzae, and Neisseria meningitidis. 1—molecular weight marker of
100 bp, 2—Streptococcus agalactiae (fbsA gene, 529 bp and 16S rRNA

gene, 283 bp), 3—Streptococcus pneumoniae (lytA gene, 395 bp and 16S
rRNA gene, 283 bp), 4—Neisseria meningitidis (crtA gene, 110 bp and
16S rRNA gene, 283 bp), 5—Haemophilus influenzae (p6 gene, 177 bp
and 16S rRNA gene, 283 bp), 6—Escherichia coli (16S rRNA gene,
283 bp), 7—Listeria monocytogenes (16S rRNA gene, 283 bp). bp, base
pairs
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Additionally, the detection of the pathogen can be performed
while the patient is under treatment [13, 14, 19–23].

The multiplex-PCR proposed here combines five different
pairs of primers that simultaneously detect the N. meningitidis
crtA gene, the H. influenzae p6 gene, the S. agalactiae fbsA
gene, the S. pneumoniae lytA gene, and the universal 16S
rRNA gene that detect the presence of any bacterial agent.
The gene selected for the identification of H. influenzae

encodes an outer membrane protein P6 (OMP P6), designated
p6 gene, found in all capped and uncapsulated serotypes [24].
The OMP P6 is highly conserved among geographically un-
related H. influenzae strains [25] and different studies use this
gene in the molecular identification of H. influenzae [13, 26,
27]. The crtA gene, which encodes a capsule transport protein,
was selected for the identification of N. meningitidis. The
sequences of the primers for this gene were proposed by
Corless and collaborators [12]. These authors developed a
multiplex real-time PCR method for the diagnosis of menin-
gitis and septicemia, where it was possible to amplify the crtA
gene in serogroups A, B, C, X, Y, Z, 29H, W135, and non-
serum-clustered species. In the literature, there are several
studies that have used this gene, as well as genes necessary
for capsid biosynthesis (species-specific) for the identification
and typing of N. meningitidis [13, 14, 19, 22, 23]. The gene
selected for the identification of S. agalactiaewas fbsA, which
encodes a protein that binds to fibrinogen, present in 90% of
the strains [28]. The primers for fbsA used in the reaction did
not cross-react with S. pneumoniae and S. pyogenes DNA,
allowing the correct differentiation of the two species of strep-
tococci present in the reaction. The lytA gene was selected for
the identification of S. pneumoniae due to its greater sensitiv-
ity and specificity, since it is conserved among S. pneumoniae
strains and presents limited genetic variation (0.11 to 0.32%)
[29]. Additionally, several studies also use the lytA gene for
molecular identification of S. pneumoniae strains [14, 19, 23].

In the literature, different studies address the identification
of important bacterial pathogens related to meningitis by mo-
lecular biology techniques. Among the most commonly used
techniques are multiplex-PCR and multiplex real-time PCR
[13–15, 19, 22, 23]. Most studies address the simultaneous
identification of three pathogenic species, such as
N. meningitidis, S. pneumoniae, and H. influenzae.
Additionally, the method of obtaining bacterial DNA from
CSF samples is usually done by DNA extraction with com-
mercial kits, which adds time and value to the diagnostic
method, besides the need for a larger volume of clinical sam-
ple, from 100 to 1000 μL. In the multiplex-PCR proposed
here, we were able to do the reaction from 20 μL of CSF,
and the clinical sample was only boiled and then cooled for
later use in the PCR reaction. This is one of the great advan-
tages of our multiplex-PCR test, since it is inexpensive and
affordable to be applied in different types of clinical laborato-
ries. Furthermore, our multiplex-PCR test can detect the lead-
ing etiological causes of meningitis around the world, being
N. meningitidis, H. influenzae, S. pneumoniae, and
S. agalactiae, while it is able to detect the presence of any
other bacterial pathogen in the CSF sample due to the pres-
ence of the pair of primers for 16S rRNA gene. The 16S rRNA
gene is as well a tool for an internal control of the reaction.

There are some commercial multiplex molecular panels for
the diagnosis of infectious meningitis. The FilmArray®

Fig. 3 Sensitivity test of the multiplex-PCR performed with serial dilu-
tions of DNA extracted by Kit. Different dilutions of bacterial DNAwere
tested in the reaction of multiplex-PCR to evaluate the sensitivity of the
method. The electrophoretic separation was performed in agarose gel.
The figure illustrates the testing of (A) Neisseria meningitidis (crtA gene,
110 bp and 16S rRNA gene, 283 bp), (B) Haemophilus influenzae (p6
gene, 177 bp and 16S rRNA gene, 283 bp), (C) Streptococcus
pneumoniae (lytA gene, 395 bp and 16S rRNA gene, 283 bp), and (D)
Streptococcus agalactiae (fbsA gene, 529 bp and 16S rRNA gene,
283 bp). The gel columns represent different DNA concentrations, as
specified in the figure, with the following concentrations from the left
to right: 1000 pg/μL, 500 pg/μL, 100 pg/μL, 10 pg/μL, 1 pg/μL, 0.1 pg/
μL. bp, base pairs

Table 4 Detection of bacterial pathogens by multiplex-PCR in CSF
samples

Groups Bacterial culture Multiplex-
PCR

No. of samples

G I N. meningitidis N. meningitidis 11

S. pneumoniae S. pneumoniae 13

K. pneumoniae 16S rDNA 1

Pseudomonas aeruginosa 16S rDNA 2

G I Total 27

G II Negative Negative 376

Negative N. meningitidis 3

Negative S. agalactiae 1

Negative S. pneumoniae 3

Negative 16S rDNA 6

G II Total 389

G III Negative Negative 31

G III Total 31

Total 447
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Meningitis/Encephalitis (ME) panel (BioFire Diagnostics,
Salt Lake City, UT) was recently tested by Liesman and col-
laborators [20]. This commercial kit covers the detection of 14
important pathogens in meningitis, being six bacteria, seven
viruses, and one fungus. Although sensitive and specific, there
is a need for skilled labor, in addition to the price being inac-
cessible to various laboratories. Wagner and collaborators de-
veloped a multiplex LightMix real-time PCR assay with com-
mercially available LightMix primers and probes (TIB
Molbiol, Berlin, Germany) to detect S. pneumoniae,
H. influenzae , N. meningitidis, S. agalactiae , and
L. monocytogenes in CSF samples [21]. However, in the range
of samples studied, only S. pneumoniae, N. meningitidis, and
S. agalactiae were found. Nevertheless, the multiplex
LightMix real-time PCR assay proved to be valuable in the
diagnosis of bacterial meningitis. It is important to point out
that for these two studies, a large volume of clinical sample is
required to obtain microbial DNA by commercial kit extrac-
tion [20, 21].

Importantly, our multiplex-PCR did not present non-
specific reactions withC. neoformans andC. albicans, or with
bacterial isolates from other clinical samples, demonstrating
100% specificity. The sensitivity of the diagnostic methodwas
evaluated with serial dilutions of bacterial DNA, and we ob-
served that the lowest detectable concentration of DNA for all
bacterial samples was 1 pg/μL. The sensitivity of the method
was also evaluated in the absence of the pair of primer for the
16S rRNA gene to verify a possible increment in the efficiency
of the reaction. However, the results obtained were the same,
with no variation in the detection sensitivity of the bacterial
agents (data not shown). This observation was very signifi-
cant, since the presence of a pair of primers for the detection of
the 16S rRNA gene not only differentiates the proposed assay
from others existing in the literature but also increases the
probability of detecting other bacterial etiological agents pres-
ent in the CSF samples, differently from H. influenzae,
N. meningitidis, S. agalactiae, and S. pneumoniae.
Therefore, the use of a pair of primer for the 16S rRNA gene

Table 5 Clinical and laboratory data from 13 patients with negative culture and positive multiplex-PCR

Patient Age Clinical suspicion Previous
treatments

Clinical parameters Multiplex-PCR

P1 3-year-old
male

Meningococcal
meningitis

Yes Cytology 5.600/mm3, lymphocytes 1%, monocytes 3%,
neutrophils 96%, glucose 71 mg/dL, latic acid 25 mg/dL,
protein 26.7 mg/dL

crtA, 16S rDNA
(N.meningitidis)

P2 17-year-old
male

Not stated Yes Cytology 5.330/mm3, lymphocytes 4%, monocytes 18%,
neutrophils 78%, glucose 0 mg/dL, latic acid 23.1 mg/dL,
protein 83 mg/dL

crtA, 16S rDNA
(N. meningitidis)

P3 9-year-old
female

Meningococcal
meningitis

No Cytology 395/mm3, lymphocytes 1%, neutrophils 99%, glucose
19 mg/dL, latic acid 174.7 mg/dL, protein 473.2 mg/dL,
hemoculture positive for N. meningitidis

crtA, 16S rDNA
(N. meningitidis)

P4 69-year-old
female

Not stated Not stated Cytology 45.696/mm3, neutrophils 98%, glucose 3 mg/dL,
latic acid 118.4 mg/dL

lytA, 16S rDNA
(S. pneumoniae)

P5 7-month-old
female

Not stated Not stated Cytology 17.600/mm3, neutrophils 98%, presence of
gram-positive cocci, hemoculture positive for S. pneumoniae

lytA, 16S rDNA
(S. pneumoniae)

P6 1-year-old
masculino

Bacterial meningitis No Cytology 364/mm3, lymphocytes 5%, monocytes 6%,
neutrophils 89, glucose 1 mg/dL, latic acid 107.7 mg/dL,
protein 171 mg/dL, positive latex agglutination

lytA, 16S rDNA
(S. pneumoniae)

P7 Newborn
male

Sepsis No Cytology 84/mm3, lymphocytes 13%, monocytes 80%, 7%
neutrophils, glucose 106 mg/dL, latic acid 23.5 mg/dL

fbsA, 16S rDNA
(S. agalactiae)

P8 Newborn
female

Hypotonic and with
central cyanosis

No Cytology 10/mm3, lymphocytes 6%, monocytes 68%,
neutrophils 26%, glucose 61 mg/dL, latic acid 24.4 mg/dL,
protein 58.4 mg/dL

16S rDNA

P9 10-day-old
male

Sepsis fever 38 °C upper
airways infections

No Cytology 960/mm3, lymphocytes 14%, monocytes 6%,
neutrophils 74%, glucose 57 mg/dL, latic acid 21 mg/dL,
protein 318 mg/dL

16S rDNA

P10 36-year-old
male

Chronic meningitis
Behcet’s disease

No Cytology 134/mm3, lymphocytes 29%, monocytes 5%,
neutrophils 66%, glucose 46 mg/dL, latic acid 17.4 mg/dL,
protein 133.7 mg/dL

16S rDNA

P11 26-year-old
male

Bronchodysplasia
intracranial
hemorrhage

No Cytology: 9/mm3, lymphocytes 23%, monocytes 73%,
neutrophils 4%, glucose: 56 mg/dL, latic acid: 10,9 mg/dL,
protein: 58,1 mg/dL

16S rDNA

P12 32-year-old
male

Bacterial meningitis Yes Cytology 130/mm3, glucose 76 mg/dL, latic acid 20 mg/dL,
protein 32 mg/dL, hemoculture positive for A. baumannii

16S rDNA

P13 32-year-old
male

Bacterial meningitis Yes Cytology 101/mm3, glucose 73 mg/dL, latic acid 18 mg/dL,
protein 25 mg/dL, hemoculture positive for A. baumannii

16S rDNA
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in the multiplex-PCR assists in the screening of bacterial eti-
ology for meningitis.

The multiplex-PCR assay was applied in 447 CSF samples,
where 27 samples were culture-positive. Multiplex-PCR de-
tected all positive samples from G I group and 13 samples
belonging to G II group. All samples from G III group were
negative for the multiplex-PCR assay, as well as for bacterial
culture. Therefore, all culture-positive and bacterioscopy-
positive (Gram staining) CSF samples were also positive for
multiplex-PCR, showing that this method was 100% sensi-
tive. The 13 samples with positive results for multiplex-
PCR, but with culture-negative, presented some cytological,
biochemical, immunological, and/or microbiological alter-
ations (bacterioscopy-positive) suggestive of meningitis
(Table 5). It is important to emphasize that these 13 patients
were under antibiotic therapy. The microorganisms identified
by the multiplex-PCR were the same as the bacteriological
features, as Gram staining, positive latex agglutination, or
hemoculture-positive. These laboratory data helped us to con-
firm the results obtained in the molecular assay, such as the
presence of positive samples for bacterioscopy (P5—
S. pneumoniae), blood culture (P3—N. meningitidis, P5—
S. pneumoniae), or latex agglutination (P6—S. pneumoniae).
For other four patients, there was clinical suspicion of menin-
gitis or sepsis, but the microbiological culture was negative, as
was bacterioscopy and the latex agglutination test (P1—
N. meningitidis, P2—N. meningitidis, P4—S. pneumoniae,
P7—S. agalactiae). Additionally, six samples were positive
only for 16S rRNA gene. Two of them presented blood culture
positive for Acinetobacter baumannii (P12 and P13), and the
other four could not be identify by sequencing due to insuffi-
cient sample (P8–P11). Overall, the multiplex-PCR diagnostic
test demonstrated an excellent diagnostic accuracy, with a
good correlation with the conventional culture routine testing,
detecting 100% of all bacterial pathogens included to the test
(PPA 100%). Additionally, the high NPA obtained (96.9%)
indicates that the true negative results could be reliable and
associated with the absence of the meningitis disease. The
discrepant analysis regarding the negative result from non-
standard test comparedwith the multiplex-PCR diagnostic test
(13 samples) emphasizes the use of molecular approach for
the detection of meningitis bacterial pathogens in urgent, since
patients cannot delay antibiotic therapy based on the microbi-
ological diagnosis.

The H. influenzae was not found. After the introduction of
vaccine against H. influenzae type b in children between
2 months and 5 years of age by the Brazilian Health Public
Service, it was possible to observe a strong decrease of the
H. influenzae incidence among Brazilian children. It is important
to note that of the samples belonging to the G II group (Table 2),
40 were PCR positive for virus, being 33 samples positive for
Enterovirus and 7 samples for Herpes virus (dos Santos, D. C.
et al. , 2012—poster presented at XXI Congresso

Latinoamericano de Microbiologia, Mendes Conventional
Center, Santos, São Paulo, Brazil, October 28 to November 1st).

As well as in our study, the identification of pathogens from
CSF negative culture samples has already been observed by
others [14, 15, 21], evidencing the need of the incorporation of
molecular biology techniques in the diagnosis of the etiology
of meningitis in clinical laboratories. Evaluation of the
culture-negative samples using the molecular assay provided
an increase in etiology detection and saves time of result re-
leasing as compared with the conventional techniques,
allowing the beginning of patient treatment and, consequently,
decreasing the probability of worsening of the patient’s clini-
cal condition.

Multiplex-PCR is a simple, fast, and reliable method that
allows the analysis of a large number of samples. Moreover, it
may assist in the diagnosis of meningitis with negative CSF
culture, either by the suspicion of meningitis or some other
pathologies and particularly for patients who have previously
initiated antimicrobial therapy. Furthermore, multiplex-PCR
may aid in the differential diagnosis between bacterial and
viral meningitis, where the results of conventional methods
are inconclusive. Multiplex-PCR is an important tool for the
early diagnosis of bacterial meningitis and can provide impor-
tant epidemiological data, assisting in the implementation of
vaccination schemes and in blocking transmission. The
Multiplex-PCR proposed in this study has as a differential
the ability to simultaneously identify four important etiologic
agents of bacterial meningitis directly from the clinical sam-
ple, without the need for DNA extraction by commercial kits,
which makes this test more affordable to most clinical labora-
tories. Additionally, by the incorporation of 16S rRNA gene to
the PCR reaction, it is possible to detect the presence of other
possible bacterial pathogens.
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