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ABSTRACT

Background: A polymerase chain reaction (PCR) assay with primers from “hpd”
gene was compared with culture for the detection of Haemophilus influenzae type b
(Hib) in CSF samples from children suspected of meningitis.

Methods: 300 cerebrospinal fluid (CSF) samples from suspected meningitis cases
were studied by culture (Leventhal & Chocolate Agar) and PCR.

Results: The latter method could detect Hib in all S culture positive and in 2 of
295 culture negative cases, showing sensitivity, specificity, and an accuracy index of
100%, 99% and 99%, respectively. The PCR result was available within a day.

Conclusion: This study has shown that PCR is a rapid, sensitive, and specific
diagnostic test for Hib from CSF samples. Furthermore, to maximize management of
meningitis cases to reduce the morbidity, mortality, and complications of invasive Hib
infection a combination of culture and PCR is necessary for the detection of Hib infec-
tion. The incidence of Hib meningitis among children in Children’s Medical Center in
Tehran based on culture and PCR results were 2.4 % and 1.7% respectively. Based on
culture results, Hib causes 15.6% of all cases of bacterial meningitis in children.
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INTRODUCTION

Bacterial meningitis is a serious and sometimes fatal
infection affecting the central nervous system.'
Haemophilus influenzae type b (Hib) is an important
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cause of meningitis, resulting in significant morbidity
and mortality in children aged less than five years in
countries where children are not vaccinated against Hib.?
Encapsulated strains are responsible for a variety of
invasive diseases, the most frequent being meningitis,
but epiglottitis, arthritis, pneumonia, and cellulitis also
occur.” A recent study in Children’s Medical Center in
Tehran during 2001-2002 showed that Hib is the cause
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ot 15.6 % of cases of bacterial meningitis. The exact bur-
den of invasive Hib disease in Tehran is unknown, since
optimum and rapid laboratory facilities are not routinely
available for detecting the etiologic agent of meningitis,
the most important disease caused by Hib.” In many in-
dustrialized countries, the incidence of invasive Hib dis-
ease has fallen sharply with the introduction of Hib con-
jugate vaccines into routine immunization programs.”
Since the widespread use of Haemophilus influenzae
capsular type b (Hib) conjugated vaccines in the United
States began in 1987, the incidence of invasive Hib dis-
ease in children less than S years old has declined dras-
tically.* Despite the success of the Hib vaccination pro-
gram, the re-emergence of invasive Hib disease has been
noted in a well vaccinated population, implying the ne-
cessity for continuous surveillance in the post-vaccina-
tion period.' Diagnosis of acute bacterial meningitis by
direct microscopy is rapid but non-specific and has a
low sensitivity. On many occasions, it fails to provide
definitive evidence of infection due to a particular spe-
cies.” Traditional laboratory diagnostic methods (Cul-
ture-CSF) take up to 36 hours or more and may show
negative results in approximately 30% of cases due to
antibiotic use prior to sampling.* Furthermore, it has been
observed that following an increase in the practice of
starting antimicrobial therapy prior to clinical samples
collection, the ability to confirm the pathogenic micro-
organisms of bacterial meningitis has decreased by ap-
proximately 30%. The need for rapid. sensitive and spe-
cific methods for the diagnosis of meningitis due to Hib
is becoming more urgent, since strains of Hib resistant
to ampicillin. chioramphencol, and co-trimoxazole.
emerged in different parts of the world, questioning the
appropriateness of empirical antimicrobial therapy. More-
over, estimation of the burden of Hib disease and the
efficacy of Hib vaccinatioi is imprecise without an opti-

Fig. 1. Gel electrophoresis of positive Hib samples. (1) DNA size
marker. (2) positive control, (3) £. coli DNA as negative control.
(4-10) positive samples of Haemophilus influenzae type b.
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mum diagnostic test.” The development of a PCR assay
for target gene amplification has enabled the detection
of low numbers of pathogens in clinical samples. We
carried out this study to detect Hib directly from the
CSF of patients suspected of meningitis by culture and
PCR assay.

MATERIAL AND METHODS

Study population

The study population included children less than five
years old admitted to Children’s Medical Center of
Tehran. CSF samples of 100 uL were gathered from sus-
pected cases. A child with signs and symptoms of men-
ingitis, such as high fever, lethargy. convulsions, bulged
fontanelles, neck stiffness, etc.. was considered a case
of meningitis, and a lumbar puncture (LP) on that child
was obtained.*

Clinical samples

300 Cerebrospinal tluid (CSF) samples were collected
for detection of Hib with PCR and culture (Leventhal
and Chocolate Agar medium).

Laboratory diagnosis of Hib

Patients with suspected bacterial meningitis were
subjected to lumbar puncture for collecting CSF. All CSF
samples were cultured on Chocolate Agar and Leventhal
medium. The suspected bacterial colonies were identi-
fied by typical Gram stain morphology, catalase, oxidase
and requirement test of factors X and V.' The
Haemophilus influenzae isolates were serotyped by Hib-
specific antiserum.*

Detection of Hib by PCR
One hundred L of CSF was taken in a microcentrifuge
tube and was heated in a boiling water batch for 15 min-

Table I. Comparison of results of PCR with that of culture for
detection ot H. influenzae type b from CSF of suspected meningi-

t1s cases.
. PCR Culture Total
| Positive Negative (n=300)
? (n=5) (n=295)
Positive S 2 7
Negative 0 293 293

The sensitivity of PCR trom CSF was 5 (100%) of' 5 for culture
positive H. influenzae type b (Hib). The specificity was 293 (99%)
01295 for culture negative Hib. The test had a positive predictive
value for 5 (71%) of 7 and a negative predictive value ol 293
(100%) out of 293.
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utes and centrifuged at 10000 g for 1 minute. Ten pL of
supernatant was used as template DNA.®

PCR primers

The selection of primers was based on the published
work of Sasaki and Munson. The primers were con-
structed from the “hpD” gene encoding outer membrane
protein, which acts as a glycerophosphodiester phos-
phodiesterase. The primers for detecting Hib were Haem
Right (primer 1) [5°-
CAGTAAATACACCTGTTGCCCCTG-3"], and Haem Left
(primer 2) [5'-GCCATTCATCAAATA-3"], and were simi-
lar and complementary to the nucleic acid sequence of
conserved regions of the “hpD” gene specific for b se-
rotype of H. influenzae. Both primers were comprised of

24 bases.®

PCR assay

PCR was performed in a reaction mixture of 50 pL
containing 1.5 pL (1.5 mM)MgCl,, 1 uL (0.2 mM) dNTP,
5 pL (1X) 10X PCR buffer (KCl,Tris-HCI, Magnesium),
0.5 pL (2.5U) of Taqg DNA Polymerase (Cinnagen,
Lot.810017), 10 uL DNA Template (Haemophilus
influenzae, ATTC 35056 Difco as control positive), 40
pL D.W, and primers (Primers 1,2: 2 pL or 40 pm) per
reaction tube. The reaction mixture was processed in a
programmable DNA thermal cycler (Ependorttf, Germany)
consisting of 35 cycles with the following parameters:
(a) denaturing for two minutes at 94°C, (b) annealing for
two minutes at 56°C, and (c¢) extension of primers for two
minutes at 72°C. The primary denaturaton took 10 min-
utes at 94°C and final extension 8 minutes at 72°C. At the
end of 35 cycles, the samples were kept at 4°C until ana-
lyzed. PCR products for Hib were detected by 1.5 % aga-
rose gel electrophoresis.

RESULTS

Over a period of one year (Dec. 2001- Dec. 2002), 300
children suspected of meningitis aged less than five years
were included in the study. Hib was isolated from CSF
cultures. Five of the 300 CSF samples were positive for
Hib, both by culture and CSF-PCR. The latter also de-
tected Hib in 2 of 295 culture-negative CSF samples (Fig
1). Compared to the CSF culture results, CSF-PCR yielded
2 false positive and no false negative results (Table I).
The sensitivity and specificity of CSF-PCR was 100%
and 99%, respectively. Based on PCR and culture re-
sults the incidence of Hib among children referring to
the Children’s Medical Center of Tehran were 2.4% and
1.7% respectively. Based on culture results, 15.6% of
the cases of bacterial meningitis in children were due to

Haemophilus influenzae type b. Age at diagnosis ranged
from 10-42 months (median, 22 months). Incidence among
males and females based on culture and PCR results were
20%, 14% and 80%, 86% respectively.

DISCUSSION

PCR is increasingly being used in clinical micro-
biology laboratories for the detection of agents of
infectious disease, since the conventional diagnos-
tic methods, such as microscopy, culture, and se-
rology, fail to identify the responsible pathogen in
many occasions.'” In the present study, we found
PCR to be a useful technique for the detection of
Hib “hpD” DNA in the CSF samples from suspected
meningitis patients. The “hpD” gene has been used
as target DNA for amplification by PCR. The prim-
ers were sensitive and specific for the detection of
Hib in CSF samples. The selected primer showed
excellent specificity with non-Hib strains. PCR was
also negative with other common agents of menin-
gitis such as Pneumococcus and S. agalactiae. It
provided a result within a day from the clinical
samples, whereas the culture methods took up to 36
hours or more. In a recent study, the DNA extrac-
tion method of Shoma et al. was used for CSF
samples.'? The limitation of the study is that we used
agarose gel electrophoresis for screening PCR prod-
ucts, which appears to be a less-sensitive method
for detecting PCR products than hybridization.*!?
DNA extraction by a commercial kit may also in-
crease the yield of DNA sufficiently for PCR ampli-
fication. It has been observed in our clinical micro-
biology laboratory, as in many other laboratories,'?
that there is a growing discrepancy between the
numbers of clinically suspected and culture-con-
firmed cases of bacterial meningitis. To address this
problem, non-culture methods, such as CSF-PCR,
have been employed and shown to detect additional
cases of Hib meningitis in our study. CSF-PCR
showed a sensitivity of 100% compared to the con-
ventional culture method. Thus, the sensitivity of
CSF-PCR was superior to that of bacterial culture.
It is a good diagnostic test for the detection of Hib
in CSF samples. It is relatively simple and requires
a short period of time compared to culture. How-
ever, determining the antibiotic susceptibility of Hib
isolates is a problem in the PCR technique. Further
development of a multiplex PCR for detecting both
Hib and the antibiotic resistance gene would be ex-
tremely useful.'? Both culture and PCR tests de-
tected Hib in CSF samples. We did not detect other
serotypes of H. influenzae by culture from CSF,
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suggesting that Hib is the primary cause of inva-
sive infection such as meningitis among children in
Tehran. Following diagnosis of meningitis, admin-
istration of early therapy with a proper antimicro-
bial agent is the key factor to reduce mortality and
morbidity and sequels of invasive Hib disease, par-
ticularly meningitis.
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