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Abstract- Meningitis is one of the hazardous and life threatening infections and is associated with mortality 

and morbidity. The aim of this study was to determine etiological agents of childhood bacterial meningitis. 

The culture, Gram staining, agglutination and PCR assays were used to examine CSF specimens from 277 

patients with presumed bacterial meningitis for the occurrence of 4 most common infectious agents consist of 

N. meningitis, H. influnsae, S. pneumoniae and S. agalactiae between 2008 and 2009 at different wards of the 

Children Hospital of Tabriz. The mean age of patients was 35±2 (Mean±SEM) month, (minimum 11 days 

maximum14 years), of all cases 59.6% male and 40.4% female. Overall the diagnosis was confirmed with a 

CSF culture in 11/277 (3.97%), by agglutination test in 14/277 (5.05%). The isolated bacteria included S. 

pneumoniae 5 cases, H. influnsae 2 cases, N. meningitis 3 cases and P. aeroginusae 1 case. A positive PCR 

assay allowed us to diagnose bacterial meningitis in 19 patients (6.8%). In the present study, we found PCR 

to be a useful and sensitive method for the detection of bacterial DNA in the CSF samples from suspected 

meningitis patients. Furthermore, to maximize management of meningitis cases, a combination of culture and 

PCR is necessary. 
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Introduction 
 
Bacterial meningitis is the most common infection of the 
central nervous system. Bacterial meningitis is more 
common in developing countries and morbidity and 
mortality rates are even higher in this region (1). 
Bacterial meningitis is a grave and sometimes lethal 
infection affecting the central nervous system (2). Rapid 
diagnosis and treatment of meningitis are important, 
because stable neurological sequel such as hearing loss, 
mental retardation, seizures, and behavioral changes 
may occur in up to one-half of survivors. Antibiotic 
treatment is empirically initiated on the basis of clinical 
findings (3).  
Traditional laboratory technique of culture for the 
detection of bacterial meningitis takes up to 36 h or 
more. Furthermore, it has been observed that 
antimicrobial therapy before to sample collection; 
decrease the sensitivity of culture assay to 
approximately 30% (2-4). The current standard for the 

identification of bacterial meningitis is microscopic 
examination and consequent culture of cerebrospinal 
fluid (CSF). However, this approach might have some 
disadvantages with regard to the desired rapidity and 
sensitivity (4).  
Perfect therapy is guided by the results of culture, which 
may take 24-28 h to obtain; antibiotic susceptibility 
testing may need an additional 24 h (3-5). In recent 
years, PCR-based assays have become accessible to 
provide an early and accurate diagnosis of bacterial 
meningitis. Recent evidence suggests that some of these 
tests are aimed at specific pathogens of bacterial 
meningitis, such as Neisseria meningitidis  
(N. meningitidis), Streptococcus pneumoniae  
(S. pneumoniae) and Haemophilus influenzae  
(H influenzae), whereas others use broad-range bacterial 
PCR.  
The aim of this research was to determine etiological 
agents of childhood bacterial meningitis by three 
methods. 
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Table 1. The results of culture, agglutination and PCR tests in 277 children. 

 Culture Agglutination PCR 

N. meningitides 

H. influnsae 

S. pneumoniae 

Total 

3 

2 

5 

10 

4 

4 

6 

14 

5 

6 

8 

19 

 
 
Materials and Methods 
 
This research was carried out in a 250-bed pediatric 
university hospital, with highly specialized wards and 
which is unique in East Azerbaijan province of Iran. The 
study involved 277 patients with suspicious meningitis, 
between 2008 and 2009 at the different wards of the 
Tabriz Children Hospital.  The culture, Gram staining, 
agglutination and PCR assays were used to 
prospectively test CSF specimens from 277 patients with 
presumed bacterial meningitis for the presence of 4 most 
common infectious agents included N.meningitis, H. 
influnsae, S. pneumoniae and S. agalactiae. All patients 
had meningitis as part of their differential diagnosis. 
Upon arrival at the laboratory, 0.2 to 0.4 ml of each CSF 
sample was removed under sterile and standard 
conditions and transported to microbiology laboratory of 
hospital. The CSF was used for standard bacterial 
culture, agglutination and Gram staining. The remaining 
sample stored at -70°C until further processing for DNA 
extraction and PCR. The CSF was centrifuged for 15 
min at 1,500 g, the supernatant was used for 
agglutination test, and the sediment was re-suspended in 
the remaining liquid by vortexing. From this suspension, 
Gram stain was made and bacterial culture was 
inoculated. The bacterial culture was inoculated into 5% 
sheep blood and chocolate agar plates and then 
incubated in a CO2 5% at 35°C for 48-72 h.  DNA was 
extracted from CSF samples by a modification of the 
procedure described previously (4). The PCR was 
carried out as previously described method (4,6).  
 
Results 
 
A total of 277 children hospitalized with presumptive 
meningitis in Tabriz Children Hospital, included in the 
study. The mean age of patients was 35±2 (Mean±SEM) 
month, (minimum 11 days maximum14 years), of all 
cases 59.6% were male and 40.4% female and the male 
to female ratio was 1.87. Only 99/277 (36%) of patients 
were less than 1 month, 66/277 (24%) were between 1- 
5 years of age and 110/277 (40%) between 6-14 years 
old. The incidence of bacterial meningitis was high in 

age 1-5 years of age. The range of CSF WBC was 0-
3500, mean 160±537, and 24/277 (8.7%) had a CSF 
WBC count above 500 cells. Seventy-five of 277 
patients (27.3%) had been treated with antibiotics before 
admission. Only 13 sample of CSF were turbid, 13 
bloody, 9 semi-turbid and others had clearness 
appearance. Twenty-eight of 277 (10%) CSF had 
abnormality according to protein and glucose 
measurement. Overall the diagnosis was confirmed with 
a CSF culture in 11/277 (3.97%), by agglutination in 
14/277 (5.05%). Blood culture was obtained from 258 
patients and 5 cases (1.93%) were positive. Gram 
positive bacteria was isolated from 5/11 (45.45%) of 
culture positive cases and Gram negative in 
6/11(54.54%). The isolated bacteria included S. 
pneumoniae 5 cases, H. influnsae 2 cases, N. meningitis 
3 cases and P. aeroginusae 1 case. A positive PCR assay 
enabled us to diagnose bacterial meningitis in 19 
patients (6.85%) and no false positive cases were 
observed. In addition, PCR identified 4 cases of 
clinically suspected meningitis diseases that were not 
reported and confirmed by various combinations of 
conventional laboratory diagnostic techniques. In this 
research, no etiological agent was identified by PCR in 
one suspected case with culture confirmed Pseudomonas 
aeroginusae meningitis. Table 1 presents the results of 
culture, agglutination and PCR tests in 277 children. 
There was no cross-reactivity with any of the other 
bacterial extracts tested, and no cross-reaction with 
human genomic DNA. A comparison of results of three 
methods reveals that PCR was the most sensitive 
method. 
 
Discussion 
 
A differential diagnosis of meningitis requires the 
differentiation of viral, tuberculosis and acute bacterial 
meningitis (1). Bacterial meningitis is an emergency 
condition and affecting the central nervous system. 
Thus, the information needed for specific antimicrobial 
therapy is unavailable for the first 48 h. This has been 
noted, information in Iran which shows a growing 
inconsistency between the numbers of clinically 
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suspected and culture-confirmed cases of bacterial 
meningitis and septicemia (5). The widening gap 
between notified and culture confirmed cases have led to 
the expansion of non-culture based PCR assays to detect 
microbial DNA directly from clinical specimens, 
thereby enhancing the confirmation of bacterial disease. 
In 1996, a national PCR based service was established at 
the Public Health Laboratory Service Meningococcal 
Reference Unit in Manchester (8), which resulted in a 
35% increase of laboratory confirmed cases in the first 
year (6). With the advent of PCR methods, examination 
of CSF has become the single most key laboratory test 
for the diagnosis of many infectious diseases of central 
nervous system. PCR amplification of bacterial DNA is 
a potential method for rapid detection of bacterial 
meningitis (7). This technique has been used to identify 
such organisms as penicillin-resistant S. pneumoniae, N. 
meningitidis, group B streptococci, Listeria 
monocytogenes, and Mycobacterium tuberculosis with 
use of species-specific primers (3).  

In the present study, we found PCR to be a helpful 
technique for the detection of bacterial DNA in the CSF 
samples from suspected meningitis. The PCR showed a 
sensitivity of 100% compared to the usual culture 
method. Thus, the sensitivity of the PCR was better to 
that of culture and requires a short period of time 
compared to culture. However, determining the 
antibiotic susceptibility of isolates is a trouble in the 
PCR technique.  The PCR assay is presently used in 
many countries of Europe and in Australia and New 
Zealand for the diagnosis of meningococcal disease but 
has not been introduced for routine diagnosis or 
surveillance in the world (9). In PCR method according 
to high sensitivity, the low number of microorganism 
was detected. Moreover, many patients with meningitis 
have contraindications to lumbar puncture procedure, 
reducing the accessibility of CSF for conventional 
culture-based diagnosis, Gram staining, or antigen 
testing. Molecular diagnoses have the would-be to get 
better the sensitivity and specificity of the clinical 
diagnosis of meningitis from blood samples (6,8-9).  

Etiology of bacterial meningitis varies in the world 
(9-10). Prior to the introduction of H. influnsae 
conjugate vaccination, more than 95% of invasive H. 
influenzae disease was caused by H. influnsae. In 
countries where vaccination has been implemented, the 
incidence of invasive H. influnsae disease has decreased 
by upwards of 90%. Furthermore, the reemergence of 
invasive H. influnsae disease in a well-vaccinated 
population has been noted (8), emphasizing the 
necessity for permanent post vaccine surveillance. A 

recent study by Marandi et al. showed that microbiology 
laboratories in Iran are not qualified for identification of 
H. influnsae (5). In another major study, by et al., ten 
hundred and sixty two CSF specimens collected from a 
group of children who were under investigation for 
suspected bacterial meningitis at university affiliated 
and other city hospitals (10). Definitive diagnosis of 
bacterial meningitis was recognized in 67 patients. 
Despite of clinical diagnosis of 31 patients with bacterial 
meningitis they were not proved by laboratory tests. The 
etiological agents of 67 proved cases of bacterial 
meningitis were H. influnsae (24 cases), pneumococci 
(23 cases), meningococci (17 cases), Salmonella (one 
case), Pseudomonas (one case) and Citrobacter (one 
case) respectively. Alborzi et al. reported that that 
incidence of bacterial meningitis especially caused by H. 
influnsae among the children in Shiraz, Iran is less 
common than other parts of the world prior to 
vaccination (10). In Tehran, Nakhjavani et al. noted that 
100 CSF samples studied by culture and PCR. The PCR 
technique could detect H. influnsae in all 5 cultures 
positive and in 2 of 295 culture negative cases, showing 
sensitivity, specificity, and an accuracy index of 100%, 
99% and 99%, respectively (7). 

N. meningitidis is a cause of dangerous meningitis 
and sepsis in adults and children (11) and now is the 
major cause of bacterial meningitis in England and 
Wales (12). However, surveillance data based on 
standard laboratory evidence may considerably 
underestimate the exact burden of the disease. For 
example, in the United Kingdom, it has been estimated 
that as many as 44% of clinically suspected cases may 
be culture negative (9). In Turkish children, N. 
meningitis was the most common of cause and the 
authors highlighted the emergence of serogroup W-135 
diseases in Turkey, and conclude that meningococcal 
vaccine in this region must provided reliable defense 
(13). In other ways, in India a low incidence of 
meningococcal meningitis has been reported (14). 
However in Iran, the researchers supported that the 
incidence rate of meningococcal meningitis is low, 
about 1.22 and 10.6 in 100000 in non-military and 
military population, in that order (11). 

In this research, the most common isolated agents 
were S. pneumoniae. It have been the chief cause of 
bacterial meningitis in many countries where H. 
influnsae disease has been eliminated by vaccination and 
is the second most frequently reported cause of septic 
meningitis. Pneumococci were responsible for 19.1% of 
meningitis and or encephalitis cases and for 9.6% of 
laboratory reports of bacteremia in England and Wales 
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(8). An example of this is the study carried out by 
Bahador in Iran, of 114 bacterial cases, 102 had a 
negative CSF smear and culture (89.5%), 12 cases had a 
positive CSF smear and culture (10.5%) with 6 cases of 
H. influenza b, 3 cases of pneumococci and 3 cases of 
meningococcus (15). An interesting study by Yousefi 
Mashouf et al. illustrates this point, he reported that out 
of 582 children suspected to meningitis, 146 patients 
(25.1%) had positive bacterial culture that 58.9% was 
Gram positive cocci and 41.1% was Gram negative 
bacteria and the most common isolates were S. 
pneumoniae (16). 

In this study we did not isolated S. agalactiae from 
childhood meningitis. Among United States of America 
neonates, group B streptococci are the most commonly 
identified organisms, implicated in roughly 50% of all 
cases of bacterial meningitis, and E coli accounts for 
another 20% (17). Studies from underdeveloped 
countries propose that Gram-negative bacilli, 
specifically Klebsiella and E.coli, may be more common 
than group B streptococci (18). Tiskumara et al. noted 
that 75% of cases of late-onset meningitis were due to 
gram-negative bacilli (19).  In a review of studies from 
Asia, Africa, and Latin America, Zaidi et al. reported 
that the most common organisms were Klebsiella 
species, E coli, and Staphylococcus aureus (20). 
Aletayeb et al. from Ahvaz, south of Iran, based on CSF 
culture, 31 infants identified as having bacterial 
meningitis, and 11 (35.5%) of these cases were caused 
by K. pneumoniae, 9 (29%) by Enterobacter spp., 3 
(9.6%) by Escherichia coli, 3 (9.6%) by Enterococcus 
spp., 2 (6.4%) by Acinetobacter, and one case each 
(3.2%) was caused by S. aureus, P. aeruginosa and non 
typeable H. influenzae (21). 

In this research, the rate of bacterial meningitis that 
was detected by PCR, agglutination and culture were 
6.85%, 5.05 and 3.97%, respectively. This can be due to 
the inappropriate state of hospitals microbiology 
laboratory, also the preceding antibiotic therapy of the 
patients had taken before admission (27.3% of the cases) 
and meningitis due to fastidious or slow-growing 
microorganisms. However, the above information 
mentions that smear and culture cannot be a method for 
early and exact diagnosis of meningitis. Perhaps the 
most serious disadvantage of the culture is low 
sensitivity. Bacterial concentration in the CSF has a 
thoughtful effect on the results of microscopy and 
culture. The use of broad-range bacterial PCR has a 
huge advantage in that it also detects microorganisms 
that are found less frequently or even unknown 
causative agents of bacterial origin. The PCR method is 

a rapid, sensitive, and specific diagnostic test for 
bacterial meningitis. Unfortunately, in Iran, most clinical 
laboratories have not yet put into practice this technique 
because its use is hampered by many problems. 
Furthermore, to maximize management of meningitis 
cases to reduce the morbidity, mortality, and 
complications of invasive infection, a combination of 
culture and PCR is essential for the accurate detection of 
infection.  
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