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Abstract 
BACKGROUND:  The purpose of this study is to discuss a possible new risk factor for the bacterial meningitis. 

METHODS:  Cerebrospinal fluid collected from 270 patients was assayed. An enzyme immunosorbent assay for the de-
tection of Staphylococcal enterotoxins A to E was used. 

RESULTS: The results indicated that the frequency of Coagulase Negative Staphylococci (CoNS) was 35 (20.46%). An 
important finding of this research was that the CoNS isolates produced enterotoxin C and D or enterotoxin C and E. 

CONCLUSIONS: This is the first report of enterotoxin-producing Coagulase Negative Staphylococci isolated from CSF 
patients. Therefore, these enterotoxins probably act as risk factors in the bacterial invasion into central nervous system. 
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onitoring infectious diseases, 
especially the central nervous system 
infections, has become one of the 

important priorities in health care system.1 In 
this regard, various epidemiological, 
serological and bacteriological studies have 
been carried out to determine causative 
agents.2 The results of recent investigation 
have shown that more than 80% of bacterial 
meningitis are caused by 4 bacteria, including: 
Streptococcus pneumoniae, Neisseria 
meningitidis, Haemophilus influenzae and 
Listeria monocytogenes.3 However, exact 
information is not available for other bacteria 
causing meningitis infection. In addition, in 
recent years, Ccoagulase Nnegative 
Staphylococci (CoNS) have been increasingly 
recognized as causative agents of various 

infections, especially in immunocompromised 
patients and also related to implanted foreign 
body materials.4 Furthermore, the results of 
recent researches show that the pathogenesis 
of CoNS infections depends on their ability to 
form biofilms on polymer surfaces.5 It is 
important to know that CoNS that have been 
historically viewed as contaminants have been 
recovered from clinical specimens, and are 
now recognized as opportunistic pathogens of 
increasing importance in the hospital-acquired 
infections.6 However, in patients without 
implants or other external device, the 
pathogenesis and virulence factor of CoNS 
may be controversial.7 Therefore, this study 
was designed for epidemiological and 
bacteriological assessment of meningitis 
patients with emphasis on pathogenic factors 
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of CoNS isolated from cerebrospinal fluids 
other than biofilim. 

Methods 
Different culture media as well as chemical 
gradients were purchased from Merck & Co. 
Inc Germany. A Ridascreen kit (enzyme im-
munoassay for the detection of Staphylococcal 
enterotoxins A, B, C, D and E) was also pur-
chased from R-Biopharm Germany. 
 
Medium Preparation 
All bacterial culture media were prepared ac-
cording to manufacturer's directions and were 
autoclaved at 121°C and 15 pb pressure for 15 
minutes. Heat sensitive enriched material were 
sterilized by 0.45 µm filter and then added to 
culture media. Contamination controls were 
performed and media were kept in 5 to 10 °C 
refrigerator and were used when it was neces-
sary.8 

 

Patients 
A total of 270 meningitides patients, aged be-
tween 16 to 70 years old, who were hospita-
lized from January 2005 to December 2009 with 
clinical signs and symptoms of suspected me-
ningitis, were included. In this study, we de-
fined cases of meningitis as a clinical menin-
geal syndrome with symptoms such as sudden 
onset of fever, stiff neck, petechial and/or pur-
puric rash.9 Bacteriological methods were car-
ried out and also direct microscopic observa-
tion and biochemical analysis of cerebrospinal 
fluids (CSF) were performed.10 

 

CSF Sampling 
The samples of CSF were collected by the ex-
pert physician under aseptic condition and 
placed in two sterile Screw cap tubes with an 
average volume of 1 to 5 ml. All CSF speci-
mens were procured once per patient before 
antibiotic therapy.  
 
Bacteriological Processing 
The volume, turbidity, protein and glucose 
concentration of CSF were noted. Based on 
bacteriological standard methods, 100 ml of 

CSF was inoculated onto each culture plate. 
The innocolum was spread with a routine bac-
teriological loop. The medium were incubated 
at 37°C in 5% CO2 and monitored for growth. 
The plates and fluid media were incubated for 
24 hours and if no growth was observed after 
this period, incubation continued for further 24 
hours, and culture media were re-examined.10 

 
Negative Control 
In order to eliminate incidence of bacterial con-
tamination of culture, a non-inoculated culture 
was used as a negative control every week. In 
cases where, under the same conditions, the 
negative control showed bacterial growth, pos-
sibility of contamination was considered and 
the contaminated samples were removed from 
the study. 
 
Bacterial Culture and Enterotoxigenicity As-
say 
The CoNS were separately inoculated in BHI 
broth (Merck) and supplemented by yeast ex-
tract (1%) and dextrose (1%). The cultures were 
incubated at 37°C for 24 hours, after which, the 
culture was centrifuged (5000 rpm, 5 min, at 
4°C). The pellet was discarded and superna-
tant was sterilized by 0.45 KDa filter and then 
kept at -20°C until used. The enterotoxigenicity 
assay was carried out by the use of standard 
kit enzyme immunoassay for the detection of 
Staphylococcus enterotoxins A, B, C, D and E 
from r-Biopharm, with the instructions of the 
manufacturer carefully. 

Results 
From January 2005 to December 2009, a total of 
270 cerebrospinal fluid (SCF) samples were 
assessed from hospitalized patients with me-
ningitis signs. During this research, only 12 
cases of contamination were detected in con-
trol culture media and all the contaminated 
samples were excluded from the study. 
The results of bacteriological analysis indicate 
that 171 (63.3%) out of 270 CSF samples were 
culture positive and in 99 (36.7%) cases, no 
growth was seen in bacteriological media. As 
shown in table 1, the most common bacterial 
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meningitis that occurred in patients of upper 
55 year old ages were Streptococcus pneumo-
niae, seen in 61 cases (35.67%). During the four 
years investigation, only 8 cases of meningo-
coccal meningitis were confirmed as Neisseria 
meningitides. The results of bacteriological 
analysis are summarized in table 1. 

 

Table 1. Frequency of isolated bacteria from 

CSF meningitis patients 

Frequency 
 

Isolated Bacteria species 
No. Percent 

Neisseria meningitides 8 4.68 
Moraxella catarhalis 1 0.58 
Neisseria sica 2 1.16 
Streptococcus pneumoniae 61 35.67 
Streptococcu pyogenes 13 7.6 
Coagulase-negative staphylococcus 35 20.46 
Staphylococcus aureus  9 5.27 
Oxidas positive gram negative ba-
cilli  

10 5.85 

Escherishia coli 16 9.36 
Gram positive bacilli  7 4.1 
Haemophilus influenzae 9 5.27 
Total 171 100 
 

 The most remarkable result was that the 
bacteria with the second most frequency iso-
lated from CSF samples of patients with me-
ningitis were Ccoagulase Nnegative Staphylo-
cocci (CoNS), isolated from 35 (20.46%) pa-
tients. Staphylococcus aureus was isolated 
from 9 (5.27%) patients. Another interesting 
result was that all CoNS in this study had abili-
ty to produce one or more enterotoxins. The 
CoNS isolates produced enterotoxin C and D 
or enterotoxin C and E. 

Discussion 
In this study, 63.3% of patients were diagnosed 
with bacterial meningitis and the most fre-
quent bacteria isolated were Streptococcus 
pneumoniae (35.67%). Various researchers 
have reported different frequency of isolation 
of Streptococcus pneumoniae. Jones et al re-
ported a frequency of 11% for Streptococcus 
pneumoniae in CSF samples of meningitis pa-
tients11. The reason for this difference may be 
due to vaccination programs. During four 
years of this research, Neisseria menigitidis 

were isolated from CSF of 8 patients. This find-
ing indicates sharp reduction in meningococcal 
meningitis incidence.12 This is probable be-
cause all the young males before the start of 
their military services are vaccinated against 
meningococcal meningitis. Moreover, during 
the past 30 years, annually more than 200 
thousand individuals of the population, who 
go to pilgrimage, have been vaccinated against 
the disease. 
 In this study, a striking finding was that the 
CoNS were isolated from 35 (20.46%) CSF of 
patients, which none had the history of spinal 
traumatic injuries. There are some reports in-
dicating that CoNS may act as a causative or-
ganism of nosocomial meningitis.13 However, 
all the subjects of this study were patients with 
symptoms of meningitis, who visited the 
emergency unit of hospital and were admitted 
for the first time. Additionally, it was found 
that in the patients with CoNS meningitis, the 
age was over 55 years and most of these pa-
tients were females. 
 This is not the only report involving CoNS 
in human meningitis. For example, Huang et al 
during a period of 5 years (January 1999 to De-
cember 2003) found that, from 127 cases of bac-
terial meningitis enrolled, 14 cases of meningi-
tis were caused by CoNS. In addition, they 
showed that the therapeutic result of adult 
CoNS meningitis had a mortality rate of 14% 
(2/14).6 However, it is for the first time shown 
that all of isolated CoNS produced enterotoxin 
C, D or E together. It is probable that entero-
toxigenisity could be involved in the disease. 
However, underlying diseases such as neutro-
penia, diabetes and cancers were not consi-
dered in our study. However, 30 out of 35 pa-
tients with CoNS meningitis were rescued by 
appropriate treatment with anti-gram positive 
antibiotics (initial empiric with Ceftriaxone 4 
gr per day and Cefotaxime 6 gr per day or 
Vancomycine 2 gr per day and then base 
guided susceptibility testing) and only 5 pa-
tients died. More studies may be required to 
evaluate the contributing enterotoxigenic 
CoNS and their effects on the pathophysiology 
of meningitis. 
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Conclusions 
In conclusion, this study revealed that, firstly, 
Streptococcus pneumoniae is the most common 
cause of bacterial meningitis organisms in pa-
tients over 55 years old. Secondly, CoNS were 
found to produce enterotoxin C and D or ente-
rotoxin C and E, which can be a risk factor in-
volved in typical bacterial meningitis due to 
CoNs and finally, perhaps females are more 
sensitive to CoNS producer enterotoxin and be 

the high risk group. 
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