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A fluorescence-based multiplex PCR was automated for the simultaneous detection of Neisseria

meningitidis, Streptococcus pneumoniae and Haemophilus influenzae in clinical samples from

patients with suspected meningitis. Sensitivity of one to two genome copies per 100 �l sample and

specificity of 100% for each organism were shown. Automation of DNA extraction, liquid handling,

PCR and analysis are achieved on a single platform, which enables a high throughput and rapid

turnaround of clinical samples that, in turn, leads to faster diagnosis. This is ultimately beneficial to

the treatment of the patient and for public health management.

Introduction

Bacterial meningitis is a major cause of morbidity and
mortality in all societies worldwide. The rapid progression
of symptoms and potentially devastating effect of this disease
necessitate early recognition and immediate treatment
(Rosenstein et al., 2001).Neisseria meningitidis, Streptococcus
pneumoniae and Haemophilus influenzae are most com-
monly associated with bacterial meningitis (Peltola, 2000;
van Deuren et al., 2000; Koedel et al., 2002). The organism
causing disease is traditionally identified after culturing
bacteria from a normally sterile body site. Antibiotics are
prescribed routinely as part of the pre-hospital management
of bacterial meningitis and, subsequently, this may render
culture of the causative organism difficult. However, diag-
nosis of bacterial disease has improved in recent years, due to
the routine use of PCR in the clinical laboratory (Clarke,
2002). Bacterial DNA can be extracted from body fluids of
patients with suspected meningitis and amplified to a
detectable level by PCR. This enables detection of the
causative organism by presence of its DNA, rather than from
a culture (Corless et al., 2001; Diggle & Clarke, 2002; Smith
et al., 2003).

Increasing demand for more sensitive and rapid diagnostic
procedures, such as fluorescence-based PCR, has prompted
the routine use of automated liquid-handling systems in the
clinical laboratory (Clarke, 2002). Automated systems have
become more affordable in recent years and also more
attractive, because of their ability to process a large number

of samples rapidly, with high accuracy and reproducibility.
This is invaluable in the clinical laboratory setting, where the
rapid and accurate diagnosis of bacterial disease is crucial.
We therefore automated a fluorescence-basedmultiplex PCR
for the simultaneous detection of N. meningitidis, S. pneu-
moniae and H. influenzae.

Methods

Bacterial DNA was extracted from clinical samples by using a liquid-
handling robot and automated DNA-binding plate system. The robotic
system performed all liquid handling; this allowed the rapid extraction
of DNA from up to 96 samples, producing a high yield of bacterial DNA
for use in PCR. The PCR set-up and cycling protocol were also
automated on the liquid-handling robot. The robot was programmed,
according to the manufacturer’s instructions, to analyse up to 96
samples in one run, allowing a much higher throughput than could be
achieved manually. This also reduced the possibility of contamination,
as the robot has a non-cross-contamination system.

The assay was validated by using 500 clinical samples that had been
submitted to the ScottishMeningococcus andPneumococcus Reference
Laboratory (SMPRL) for routine PCR testing. The samples were
submitted between September 2002 and January 2003 and consisted
of serum (n ¼ 285), whole blood/EDTA (n ¼ 140), cerebrospinal fluid
(CSF) (n ¼ 72) and pleural fluid (n ¼ 1). Patients’ ages ranged from 2
days to 90 years. All samples were subjected to DNA extraction by using
the PromegaWizard SV96 purification system (Promega) on a Roboseq
4200 PE liquid-handling robot (MWGBiotech), as described previously
(Smith et al., 2003). Oligonucleotide primers were based on previously
published ctrA, ply and bexA gene sequences for meningococcal,
pneumococcal and H. influenzae DNA, respectively (Corless et al.,
2001; Diggle et al., 2001) (all oligonucleotide primers and the ctrA and
ply probes were supplied byMWGBiotech; the bexA probe was supplied
by Biosource International). PCRs were also performed as described
previously (Corless et al., 2001; Smith et al., 2003), except that ABsolute
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QPCR Mastermix (ABgene) was used in place of Reddymix PCR
Mastermix (also ABgene). An integrated BIO-TEK FL600 microplate
reader (MWG Biotech) was used to measure fluorescence emitted from
each sample. Cut-off levels were calculated for each reaction from the
mean negative control and SD between negative controls (Diggle et al.,
2001). The SD was used in combination with the mean negative control
to calculate a suitable cut-off point. Any value above this level was noted
as positive.

Results

Of 500 samples tested, 25 positive cases of meningococcal
infection, 20 positive cases of pneumococcal infection and
one infection with H. influenzae were detected by the
fluorescence-based multiplex PCR. Meningococcal isolates
were received by the SMPRL for only four of the 25 cases that
were detected by multiplex PCR, and only four of the 20
pneumococcal infections detected.

Sensitivity of the fluorescence-based PCRwas determined by
inoculating 100 �l whole blood with two colonies of N.
meningitidis, S. pneumoniae and H. influenzae. A series of
tenfold dilutions of the sample was set up and the test was
carriedout in triplicate.DNAwasextracted from50 �l of each
sample in the dilution series by using the Promega Wizard1

SV96 purification system. The other 50 �l was cultured on
blood or chocolate agar at 37 8C in 5% CO2 overnight.
Following incubation, colonycountswereperformed foreach
agar plate and fluorescence-based PCRwas performed on the
samples from which DNA was extracted. Sensitivity of the
PCRwas calculated as theminimumnumber of colonies that
was necessary to give a positive result by fluorescence-based
PCR. All three primer sets could detect a mean of one to two
genome copies per 100 �l sample. Primers were tested in
single reactions and in a multiplex reaction and showed the
same sensitivity in each case. Thepresenceof three primer sets
in the reaction had no effect on its sensitivity.

The primer sets that were used in the fluorescence-based PCR
were also analysed for their specificity. These primers were
tested with 3 �l genomicDNA that had been extracted from a
heavy growth of culture frombacteria that weremost likely to
be present inCSF and blood duringmeningococcal infection.
These included oral streptococci, other neisseriae and several
other bacteria that are capable of causing septicaemia.
Importantly, primers were tested to ensure they amplified
the common serogroups and serotypes ofN.meningitidis and
S. pneumoniae, respectively, and H. influenzae serotypes b
and c (Table 1). The three primer sets were highly specific for
all strains ofN.meningitidis, S. pneumoniae andH. influenzae
tested and produced no false-positive results with any other
species of Neisseria, Streptococcus or other pathogenic bac-
teria that were used.

Discussion

Successful treatment and recovery of individuals who are
suffering from bacterial septicaemia or meningitis, as well as
effective public health management of contacts, relies upon
rapid diagnosis. The development of better methods is
therefore important to improve the sensitivity and specificity

of such diagnosis. Rapid and sensitive PCR methods have
been developed in recent years, but many of them are of low
throughput and are not automated. In this study, the entire
process, from extraction of bacterial DNA from clinical
samples to PCR set-up and cycling protocol, was automated
successfully. DNA extraction from up to 96 samples took
approximately 50 min. The robot can handle a large number
of clinical samples efficiently in a shorter time-scale than
could be achieved manually. Liquid-handling technology
allows accurate and reproducible protocols to be performed.
Previously, meningococcal infections were confirmed in the
SMPRL by using a PCR that detected the insertion element
IS1106 (Clarke et al., 2002). The assay was sensitive, but
lacked the specificity of the ctrA assay. Geneticmobility of the
insertion element resulted in its spread to organisms other
than N. meningitidis (Borrow et al., 1998). ctrA provides a
more specific alternative target for confirmation of menin-
gococcal infection (Guiver et al., 2000). The multiplex PCR
described here detects the three most common pathogenic
organisms that cause bacterial meningitis in a single reaction.
It is a highly sensitive assaywith the ability to detect amean of
one to two genome copy units per 100 �l clinical sample and
allows non-culture-based diagnosis of the disease-causing
organism within 3 h.
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Table 1. Specificity test results

Organism No.

tested

No.

positive

(%)

No.

negative

(%)

Haemophilus influenzae:

Type a 5 5 (100)

Type b 5 5 (100)

Type c 5 5 (100)

Type d 5 5 (100)

Type e 5 5 (100)

Type f 5 5 (100)

Neisseria meningitidis:

Serogroup A 10 10 (100)

Serogroup B 10 10 (100)

Serogroup C 10 10 (100)

Serogroup W135 10 10 (100)

Serogroup Y 10 10 (100)

Neisseria lactamica 4 4 (100)

Neisseria mucosa 4 4 (100)

Neisseria gonorrhoeae 4 4 (100)

Streptococcus pneumoniae 20 20 (100)

Streptococcus agalactiae 4 4 (100)

Streptococcus oralis 4 4 (100)

Streptococcus mitis 4 4 (100)

Streptococcus parasanguinis 4 4 (100)

Staphylococcus aureus 4 4 (100)

Escherichia coli 4 4 (100)
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Society for Microbiology in Washington on 20th May 2003, poster
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