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Abstract
Computed tomography revealed a frontal
empyema in an 8 month old boy who pre-
sented with a prolonged convulsion. Be-
fore admission he had received oral
antibiotics and all specimens were nega-
tive on culture. The presence of bacteria
in cerebrospinal and empyema fluid was
demonstrated using the polymerase chain
reaction (PCR) with 16S rRNA gene
primers. A presumptive identification of
Streptococcus pneumoniae was made by
comparison of PCR products with those
derived from known bacteria using dena-
turing gradient gel electrophoresis.
(Arch Dis Child 1997;77:148–149)
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Bacterial meningitis in childhood has signifi-
cant mortality and morbidity. Accurate diagno-
sis is therefore important for optimum treat-
ment and care. Bacteriological diagnosis has
relied traditionally on microscopy and culture.
The identification of a disease causing organ-
ism is becoming increasingly important with
the emergence of antibiotic resistance.
The polymerase chain reaction (PCR) oVers

an approach to the diagnosis of infectious dis-
ease independent of culture techniques and
allows bacteria to be identified in clinical sam-
ples even in the presence of antibiotics. PCR
diagnosis of meningitis has been reported using
specific PCR for a given bacterium1 and with
two rounds of PCR using various primers.2 We
describe the application of a single step PCR
with the separation of products using denatur-
ing gradient gel electrophoresis (DGGE).
DGGE is a technique which separates DNA

fragments of the same length but with different
base pair sequences, according to the point at
which they denature.3 Primers were made to
the universal and highly conserved regions of
the 16S rDNA gene flanking a variable region
193 base pairs long. When amplified by PCR
these products were separated using DGGE.
This approach, previously applied to profile
complex microbial populations,3 allows single
step PCR to be used as a diagnostic tool.

Case history
A previously healthy 8 month old boy of Somali
parents was admitted with a prolonged right
sided convulsion. There was a family history of
tuberculosis, both his father and his paternal
grandmother having received treatment in the
past.
Five days before admission he developed

watery diarrhoea, vomiting, and fever, becom-

ing lethargic with reduced fluid intake. Oral
cefaclor, for otitis media, was prescribed but he
continued to deteriorate. His admission was
precipitated by a sudden onset right sided con-
vulsion, initially involving the face but spread-
ing to involve the upper and lower limbs on that
side. His convulsion was controlled with
intravenous diazepam and phenytoin.
Examination showed him to be 10% dehy-

drated. General examination, including ear,
nose, and throat examination, was normal. In
the postictal period he was drowsy but respon-
sive to pain. Pupils were constricted and
responded to light. There was no facial
asymmetry. Tone was generally reduced but
symmetrical, reflexes normal, and both plantar
reflexes upgoing. No neck stiVness was noted
but the fontanelle was full.
Initial investigations included computed

tomography of the skull which showed a
bifrontal subdural empyema (fig 1). The results
of other relevant investigations were as follows:
haemoglobin concentration 8.6 g%; total white
blood cell count 11.1×109/l; platelet count
28×109/l; coagulation screen: international nor-
malised ratio 1.0, activated partial thrombo-
plastin ratio 1.7; renal profile normal apart
from a plasma creatinine of 269 µmol/l; chest x
ray and echocardiography normal. Blood
cultures were taken before starting treatment
with cefotaxime, flucloxacillin, and metronida-
zole. He then underwent drainage of the
empyema and insertion of an intracranial pres-
sure transducer. At operation pus was found in
the subdural and subarachnoid spaces, with
inflamed meninges.
His temperature settled over the next three

days. The postoperative course was compli-
cated by disseminated intravascular coagulation
and acute renal failure which resolved with
conservative management and peritoneal dialy-
sis. Neurologically he made a steady recovery.
One week after surgery, he was responding nor-
mally to his mother, fixing and following, and
taking feed enthusiastically. His limb move-
ments were normal, as were limb tone and
reflexes. He remained on phenytoin which was
later substituted with carbamazepine. Four and
a half weeks after admission he was discharged.

Methods
DNA PREPARATION

DNA was extracted from both the cerebrospi-
nal fluid and empyema samples by centrifuga-
tion and washing and then using the GeneRe-
leaser kit (Cambio, Cambridge) following the
manufacturer’s procedures. The resulting ex-
tract was used directly in a PCR reaction.
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PCR AMPLIFICATION

The PCR reactions were performed in a total
volume of 50 µl with a concentration of 0.1 µM
of each primer p2 and p3.3 The entire 12 µl
product of the GeneReleaser kit was used in
the PCR reaction. The reaction mixtures were
incubated for three minutes at 94°C. Thirty
cycles of PCR were performed using a thermal
cycler (Omnigene, Hybaid, Teddington) con-
sisting of a denaturation step for 30 seconds at
94°C, an annealing step for one minute at
65°C, and an extension step for one minute at
72°C. After the final cycle there was a step of
seven minutes at 72°C. Control samples
containing all reaction constituents except
genomic DNAwere run along with the samples
containing DNA.

DENATURING GRADIENT GEL ELECTROPHORESIS

Using a Bio-Rad Protean II system (Bio-Rad,
Hemel Hempstead), parallel DGGE was per-
formed as previously described.4 The samples

were compared By DGGE with the PCR 16S
rDNA products of the common meningitis
pathogens in this age group, namely Neisseria
meningitidis, Haemophilus influenzae, and Strep-
tococcus pneumoniae.Organisms known to cause
cerebral abscesses were also included on the
DGGE, such as Streptococcus milleri and Es-
cherichia coli.This system has been used in the
evaluation of bowel flora in the neonatal gut.5

SEQUENCING

Sequencing was performed on the sample
bands to confirm the presumptive identifica-
tion. The PCR product were sequenced
directly using the p3a primer (the same as p3
but without the GC clamp) on the ABI
automated sequencer. The sequences were
analysed using the FASTA program from the
Winsconsin GCG package suit of programs
CCL (Daresbury Laboratory6) to give se-
quence alignment and percentage identity.

Results and discussion
Microscopy and culture of the blood, pus, and
cerebrospinal fluid showed no organisms, and
Mantoux (1/1000 PPD) was also negative;
serological investigations were not carried out
in this case.
Amplification of the extracted DNA from

cerebrospinal fluid and pus samples resulted in
a 240 base pair product. These products were
separated by DGGE and the resulting product
aligned closely with the product from a pure
culture of S pneumoniae (fig 2), allowing
presumptive identification. The identity of the
bacterium was confirmed by PCR for the
pneumolysin gene7 and by sequencing the 16S
rDNA product. This gave more than 90%
identity with the 16S rDNA of S pneumoniae.
Although molecular techniques are not yet

universally available or perfected, this simple
one step PCR gave a presumptive bacteriologi-
cal diagnosis within 24 hours where more
traditional methods had failed.
The emergence of antibiotic resistance will

increasingly necessitate accurate identification
of bacterial causes of infection. PCR using
eubacterial primers and DGGE can be used
even when the potential causes of infection are
diverse or polymicrobial.
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Figure 1 Initial computed
tomography without
contrast showing the frontal
empyema (arrowed).

Figure 2 DGGE showing
alignment of cerebrospinal
fluid and empyema samples
with S pneumoniae.
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