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The Causes of Postoperative Meningitis: The Comparison of 
Gram-Negative and Gram-Positive Pathogens

ABSTRACT

ment. Neurosurgical interventions for trauma or tumors, inva-
sive procedures of the central nervous system, or implants 
for cerebrospinal fluid (CSF) drainage could end up with POM 
with an incidence of 0.34%- 3.1% (6,8,22,27). The etiology 
of POM includes a wide spectrum of microorganisms from 
Gram-positive cocci to Gram-negative bacilli. Although still 

█    INTRODUCTION

In spite of new antimicrobials and surgical techniques, 
postoperative meningitis (POM) results in considerable 
morbidity and mortality, necessitating an organized and 

thoughtful approach for prevention, diagnosis, and manage-

AIM: To determine the microbiological etiology in critically ill neurosurgical patients with nosocomial meningitis (NM) and to show 
the impact of Gram-negative rods and the differences between patient characteristics and the clinical and prognostic measures in 
Gram-negative and Gram-positive meningitis.    
MATERIAL and METHODS: In this prospective, single-center study, we reviewed all adult patients hospitalized during a 12-year 
period and identified pathogens isolated from post-neurosurgical cases of NM. Demographic, clinical, and treatment characteristics 
were noted from the medical records.
RESULTS: Of the 134 bacterial NM patients, 78 were male and 56 were female, with a mean age of 46±15.9 and a median age 
of 50 (18-80) years. One hundred and forty-one strains were isolated; 82 (58.2%) were Gram-negative, 59 (41.8%) were Gram-
positive. The most commonly isolated microorganism was Acinetobacter baumannii (34.8%). Comparison of mortality data shows 
that the patients who have meningitis with Gram-negative pathogens have higher mortality than with Gram-positives (p=0.034). 
The duration between surgery and meningitis was shorter in Gram-negative meningitis cases compared to others (p=0.045) but the 
duration between the diagnosis and death was shorter in Gram-positive meningitis cases compared to Gram-negatives (p=0.017). 
Cerebrospinal fluid protein and lactate levels were higher and glucose level was lower in cases of NM with Gram-negatives (p values 
were respectively, 0.022, 0.039 and 0.049).    
CONCLUSION: In NM, Gram-negative pathogens were seen more frequently; A. baumanni was the predominant pathogen; and NM 
caused by Gram-negatives had worse clinical and laboratory characteristic and prognostic outcome than Gram-positives. 
KEYWORDS: Etiology, Mortality, Neurosurgery, Postoperative meningitis
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uncommon, Gram-negative organisms seem to be increasing 
as causative agents of POM (3,16,17). Parodi et al. described 
the first association between Gram-negative meningitis and 
neurosurgical operations with the Enterobacter species. An-
other concern is that the appropriate empirical antimicrobial 
therapy is essential in preventing morbidity and mortality, and 
treatment options for Gram-negative bacillary meningitis are 
limited due to emerging resistance to third-generation cepha-
losporins (23). 

In this report, we aimed to determine the microbiological 
etiology in critically ill neurosurgical patients with nosocomial 
meningitis and to show the impact of Gram-negative rods 
and differences of patient characteristics and the clinical and 
prognostic measures between Gram-negative and Gram-
positive meningitis during a 12-year period for patients treated 
at a tertiary care medical center with a large neurosurgical 
population.

█    MATERIAL and METHODS
Patients and Definitions

In this prospective, single-center study, we reviewed all the 
adult patients hospitalized at Cukurova University Medical 
Center during a 12-year period (from 2004 January until 2015 
December) and identified 134 post-neurosurgical cases of 
nosocomial bacterial meningitis, based on culture.

Demographic, clinical, and treatment characteristics were 
abstracted from the medical records of each patient. All risk 
factors for acquisition of nosocomial meningitis (NM) were 
screened; invasive neurological procedures, head trauma, 
open and closed skull fractures, posttraumatic CSF leak, and 
preexisting medical problems. The duration of perioperative 
hospitalization, duration between surgery and infection, dura-
tion between diagnosis of meningitis and mortality, and the 
duration of treatment were recorded. Microbiological data, 
including the type of microorganisms isolated and the site of 
isolation, were also recorded. 

Nosocomial meningitis in adult patients was described as 
below, according to Center for Disease Control and Prevention 
(CDC) definitions (10).

In poly-microbial culture yields, the case was accepted as 
Gram-positive meningitis if both pathogens were Gram-
positive, and Gram-negative meningitis if both pathogens 
were Gram-negative. The patients whose cultures yielded 
both Gram-positive and negative microorganisms and fungal 
pathogens were excluded from the study. 

Deaths due to meningitis that developed in the postoperative 
period were considered as fatalities attributed to POM.

Microbiologic Methods 

CSF was collected for the diagnosis of meningitis. CSF was 
obtained by lumbar spinal puncture; or from a shunt or a 
ventricular drain. CSF and blood cultures were taken at the 
same time. Specimens were transported to the Microbiology 
Laboratory quickly in a sterile container at room temperature. 
All CSF samples were processed immediately. If the specimens 

could not be processed immediately, they were kept at room 
temperature or placed in an incubator at 37°C. 

Bacterial stain and culture were performed for all CSF 
specimens submitted to the Department of Microbiology at 
Cukurova University Hospital Central Laboratory. All CSF 
specimens were inoculated to a blood agar (Columbia agar 
with 5% sheep blood), a chocolate blood agar (Chocolate 
agar with PolyViteX containing factors X (hemin) and V (NAD), 
for isolation of fastidious strains belonging to the genera 
Neisseria, Haemophilus, and Streptococcus pneumoniae), 
and a thioglycolate broth (for isolation of anaerobic bacteria). 
Blood agar and chocolate agar were incubated at 37°C in 5% 
CO2 for a minimum of 96 hours (15). All media were supplied 
as ready to use from the bioMérieux company (France). For 
blood cultures, The BACTEC™ Systems (Becton Dickinson) 
were used. These are fully automated microbiology growth 
and detection systems designed to detect microbial growth 
from blood specimens.

The isolates were identified using standard microbiological 
techniques (Gram stain, colony morphology, catalase test, 
oxidase test, coagulase production, optochin test, 6.5% 
NaCl, motility, H2S, indole) and also Identification Cards (for 
Gram-Positive and Gram-Negative bacteria) of the VITEK 2 
system (bioMérieux, France). 

Antimicrobial susceptibility patterns of isolated microorganisms 
were determined by using antibiotic susceptibility testing (AST) 
cards of VITEK 2 system (bioMérieux, France). Susceptibility 
test results were interpreted according to the Clinical 
Laboratory Standards Institute (CLSI) by the Advanced Expert 
System (AES™) of the VITEK 2 system. 

Statistical Analysis 

The results were presented as mean±standard deviation, 
median (min-max) for continuous variables, and as n (%) 
for categorical variables. Normality was checked for each 
continuous variable. Comparisons between groups were done 
using Student’s t-test for normally distributed data and the 
Mann-Whitney U test was used for the not normally distributed 
data. Comparison of the categorical variables between the 
groups was done using the Chi-square test. Multiple logistic 
regression analysis was used to reveal associations between 
groups (Gram-Positive and Gram-Negative bacteria) and 
other measurements, with group as the dependent variable. 
While determining the risk factors of fatality, a multiple logistic 
regression analysis was also used. A p value < 0.05 was 
considered to be statistically significant. Statistical analysis 
was performed using the IBM SPSS ver. 19 package program 
(IBM Software, New York, United States). 

█    RESULTS
During the 12 years of follow up, 134 culture-based POMs were 
detected. Of the patients, 78 were male and 56 female, with a 
mean age of 46±15.9 and a median age of 50 (18-80) years. 
All patients had a history of a neurosurgical procedure. Major 
causes of the procedure were tumors in 70 (52.2%), severe 
head injury in 17 (12.6%) and subarachnoid hemorrhage with 
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or without aneurysm in 16 (12%) cases. The demographic and 
clinical characteristics of 134 culture proven neurosurgical 
patients who developed POM are shown in Table I. 

Microbiological findings were as follows: 141 bacteria were 
isolated of which 82 (58.2%) were Gram-negative bacteria 
and 59 (41.8%) were Gram-positive bacteria. Characteristics 
of illness including microbiological data in patients with 
nosocomial meningitis are shown in Table II and analysis of 
clinical follow-up and laboratory parameters of the patients 
in Table III. 

Comparison of POMs caused by Gram-negative and positive 
pathogens is presented in Tables IVA and IVB. There was 
no significant difference between the demographic data of 

meningitis caused by Gram positive or negative pathogens. 
However, the pathogens’ likelihood of being Gram positive was 
higher in the presence of a shunt. Fatality data showed that the 
patients who had meningitis with Gram-negative pathogens 
had higher fatality than with Gram positives (p=0.034). The 
duration between surgery and meningitis was shorter in 
Gram-negative meningitis cases compared to Gram-positive 
meningitis cases (p=0.045), but the duration between the 
diagnosis and death was shorter in Gram-positive meningitis 
cases compared to Gram-negative cases (p= 0.017). CSF 
protein and lactate level was higher and glucose level was 
lower in cases of POM with Gram negatives (p values were 
respectively, 0.022, 0.039 and 0.049). 

Table I: Demographic and Clinical Characteristics of 134 Neurosurgical Patients with POM

n (%)

Gender
Male 78(58.2)

Female 56(41.8)

Surgical diagnosis

Tumor 70(52.2)

Severe head injury 17(12.6)

Intracranial hemorrhage 12(9.0)

Aneurysm with subarachnoidal hemorrhage  10(7.5)

Subdural / Epidural hematoma 6(4.5)

Aneurysm without hemorrhage 6(4.5)

Shunt dysfunction 5(3.7)

Others 8(6.0)

Shunt existence
Yes 24(17.9)

No 110(82.1)

External drainage therapy
Yes 61(45.5)

No 73(54.5)

CSF leakage
Yes 44(32.8)

No 90(67.2)

Mechanical ventilation
Yes 48(35.8)

No 86(64.2)

Central venous catheter
Yes 88(65.7)

No 46(34.3)

Steroid usage
Yes 99(73.9)

No 35(26.1)

Antibiotic usage before surgery
Yes 42(31.3)

No 92(68.7)

Outcome
Discharge from the hospital 81(60.4)

Death 53(39.6)



592 | Turk Neurosurg 28(4):589-596, 2018

Kurtaran B. et al: Postoperative Nosocemial Meningitis

regression equation, 70% of the deaths could be explained 
(R2=0.703). According to this analysis, being female increases 
the risk of death 33 times and the meningitis agent being 
Gram negative also increases the risk of death 26 times (OR: 
26.4, 95%CI: 1,3-520,2). Each 1-unit increase in CSF protein 
increases the risk of death 1% (OR: 1.011 (CI: 1.001-1.022). 

█    DISCUSSION
Bacterial meningitis is a life-threatening complication of 
craniotomy with an incidence of 0.8 to 1.5% (15,19). One 
third of the meningitis cases develop approximately in the first 
week after surgery and one-third in the second week while the 
other one-third occurs after the second week, in some cases 

Parameters found significant on univariate analysis (presence 
of shunt, CSF lactate, CSF protein, and CSF glucose levels), 
and the variables that can be clinically significant such as 
gender and age were evaluated by multivariate analysis and 
the presence of a shunt was found to be an independent risk 
factor for Gram-positive meningitis (OR: 3.7 95% C.I. 1.1-
12.5). 

Variables were primarily compared according to survival state 
when the risk factors were evaluated. Subsequently significant 
variables (age, procalcitonin, white blood cell, CSF protein, 
duration of treatment, central venous catheter, gender, Gram 
characteristic of microorganism) were added to the logistic 
regression model and risk factors were determined. Via this 

Table II: Characteristics of Illness Including Microbiologic Data in Patients with POM

Signs/symptoms of meningitis n (%)

Headache 80(59.7)

Meningismus 108(80.6)

Altered mental status 113(84.3)

Temperature of >38.5°C 125(93.3)

Microbiological data n (%)

Lumbar puncture number 111(82.8)

Growth place

CSF 88(65.7)

Blood 24(17.9)

CSF and blood 22(16.4)

Number of microorganisms
Monomicrobial 127(94.8)

Polymicrobial 7(5.2)

Gram-negative bacteria isolated from CSF*

A. baumannii 49(59.8)

P. aeruginosa 11(13.4)

E. coli 4(4.9)

K. pneumoniae 10(12.2)

E. cloaca 3(3.7)

C. koseri 1(1.2)

M. morganii 1(1.2)

A. xyloxidans 1(1.2)

S. marcescens 1(1.2)

Proteus mirabilis 1(1.2)

Gram-positive bacteria isolated from CSF*

Coagulase negative Staphylococcus 33(55.9)

S. aureus 17(28.8)

E. faecalis D 5(8.5)

E. faecium 3(5.1)

S. pneumoniae 1(1.7)

*The percentages of the pathogens are calculated in terms of Gram status.
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of meningitis 3.7 times. In our study, for meningitis due to 
Gram-positive microorganisms, the mean and median time 
between surgery and infection was found to be 16.4 days 
and 13 days respectively and this supports the literature data. 
However, in meningitis due to Gram-negative pathogens, 
this duration (mean and median times were 11.2 and 10 
days) was interestingly shorter. Neither high virulence of the 
pathogens nor the high probability of resistance to empirical 
treatment options of the microorganisms yielded in Gram-
negative meningitis cases, with A. baumannii, P. aeruginosa 
and K. pneumonia the three most common pathogens, 
could be interpreted as a cause of this finding, based on this 
study. Another result of the study was that the time between 
meningitis and death was shorter in Gram-positive meningitis 
compared to Gram-negative meningitis (median time was 
7.5 days and 28 days in Gram-positive and Gram-negative 
meningitis, respectively). Meningitis due to Gram-positive 
microorganisms was more common in patients with shunts 
and it is possible that complications secondary to shunts such 
as obstruction could have contributed to this finding. The 
late diagnosis of Gram-positive meningitis could have been 
another reason for these patients’ quicker death. 

The diagnosis of nosocomial bacterial meningitis is made 
on the basis of the results of a CSF culture and aerobic and 
anaerobic culturing techniques are obligatory. However, 
cultures require prolonged incubation before being confirmed 
as negative, and results may be negative in patients who 
have received previous antimicrobial therapy (28). Failure to 
perform lumbar puncture to all of the patients because of 
contraindications, the empirical treatment starting before the 
diagnostic procedure and preventing a positive culture result, 
and lack of awareness can cause delay of the POM diagnosis 
(1,2). We only included the patients with positive yields in CSF 
and/or blood cultures in our study. However, it is obvious that 
the total number of NM cases is larger. We should therefore 
say openly that the prevalence of meningitis we presented is 
lower than the actual rate. Nevertheless, the main aim of our 
study being evaluation of POM according to the pathogenic 
agents, we can say that the study still serves its purpose. 

Among adults, gram-negative bacillary meningitis is known 
as an uncommon infection associated with advanced age, 
immunosuppression, and neurosurgery (14,30,31), but NM 
due to Gram-negative rods were the most frequent cases 
identified in this series. POM patients had high a mortality rate. 
The introduction of epidemic A. baumannii into a neurosurgical 
unit is a severe risk factor for patients undergoing neurosurgical 
procedures. Nosocomial Gram-negative bacillary meningitis 
and bacteremia also occurred in a patient who was receiving 
intrathecal and intravenous amphotericin B (24). In our hospital, 
the predominant causative pathogen is A. baumannii and it 
has been endemic in our Intensive Care Unit (ICU)’s in recent 
years. The fact that A. baumannii was the most frequent cause 
of POM and the Gram-negative dominance were therefore not 
a surprise to us. 

As the clinical manifestations of Acinetobacter meningitis are 
similar to those of other Gram-negative bacillary meningitis 
cases, the diagnosis can only be confirmed by bacterial 

after several years (15). Patients going through neurosurgical 
procedures have numerous risk factors for POM. Unfortunately, 
prognosis of the meningitis in these patients is worse and the 
fatality rate was 39.6% in our report. 

Experience in surgical techniques and particularly those that 
decrease CSF leak is associated with minimized POM risk 
(15). Other factors that are associated with the development 
of meningitis after craniotomy include concomitant infection 
at the site of the incision and duration of surgery of more than 
4 hours (12,13,28).

Internal ventricular catheters (i.e., cerebrospinal fluid shunts) 
are commonly used for the treatment of hydrocephalus and 
the incidence of meningitis-associated cases varies between 
4 and 17%. The majority of infections manifest within the first 
month after the surgery and colonization of the catheter at 
the time of surgery seems to be the most important cause 
(5,26,29). Gram-positive microorganisms constitute 60% of 
the pathogenic agents. Shunt presence in 24 patients was 
thought to be a contributing factor. According to the logistic 
regression analysis, presence of a shunt increased the risk 

Table III: Analysis of Clinical Follow Up and Laboratory Parameters 
of Patients with POM

Clinical follow up Mean±S.D.
Med(min-max)

The duration between surgery and 
meningitis

14.2±11.2
11.0(3.0-55.0)

The duration of hospitalization before 
surgery

11.67±13.9
8.0(0.0-99.0)

The duration of hospitalization in ICU 39.1±29.1
35.0(0.0-177.0)

The total duration of hospitalization 49.9±30.9
44.0(8.0-177.0)

The duration between diagnosis and 
death

27.0±24.8
24.0(2.0-128.0)

Laboratory findings Mean±S.D.
Med(min-max)

Peripheral WBC count (median cells/
mm3 X103)

15337±6331
15300(4300-31000)

CRP (mg/L) 13.3±10.9
11.2(0.5-48.9)

CSF WBC count (median cells/mm3) 659.7±817.3
260.0(30.0-3500.0)

CSF protein level (mean mg/dL) 187.1±154.6
132.0(21.0-658.0)

CSF glucose level (mean mg/dL) 47.2±35.4
42.0(2.0-164.0)

CSF lactate level  (median mg/dL) 7.9±4.8
7.0(1.7-23.0)
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less than 50% of patients with infections associated with CSF 
shunts and they may cause nonspecific symptoms such as 
low-grade fever or general malaise (5,21,29). In a recent study 
evaluating 62 adult bacterial meningitis patients who had 
undergone surgery, fever and disturbance of consciousness 
were the most common symptoms (30). Symptoms and signs 
associated with peritonitis or bacteremia where the distal 
portion of the shunt is can also be seen (5,21,29). As the 
clinical course in nosocomial meningitis tends to be indolent 
and clinical findings such as headache and fever might be 
overlooked in post-neurosurgical patients, the diagnosis of 
hospital-acquired bacterial meningitis can be difficult (31).          
In our study, there was no difference between the clinical 

culture. Resistance to multiple antibiotics, including third-
generation cephalosporins, is frequently seen in patients 
with nosocomial Acinetobacter meningitis, and carbapenems 
seems to be the antibiotic of choice for this potentially fatal 
central nervous system infection (4,9,11,18,20).

Clinical suspicion is the first step in diagnosing nosocomial 
bacterial meningitis and prompt diagnostic investigation and 
antimicrobial therapy are needed. Although non-specific, 
a decreased level of consciousness and fever are the most 
important clinical features, (1,30,31), but they are hard to 
recognize in patients who have just undergone neurosurgery, or 
who have an underlying disease that interferes with their level 
of consciousness (21). Signs of meningeal irritation are seen in 

Table IVA: Comparison of Demographic, Clinical and Prognostic Features of Gram-Negative and Positive POMs

Gram Positive
 n(%)

Gram Negative
 n(%) p

Gender
Male 31(53.4) 47(61.8)

0.329
Female 27(46.6) 29(38.2)

Surgical diagnosis

Tumor 29(50.0) 41(53.9)

-

Severe head injury 5(8.6) 11(14.5)

Intracranial hemorrhage 9(15.5) 3(3.9)

Aneurysm with subarachnoidal hemorrhage 2(3.4) 8(10.5)

Subdural/Epidural hematoma 3(5.2) 3(3.9)

Aneurysm without hemorrhage 1(1.7) 5(6.6)

Shunt dysfunction 4(6.9) 1(1.3)

Others 5(8.7) 4(5.4)

Shunt existence
Yes 15(25.9) 9(11.8)

0.036*
No 43(74.1) 67(88.2)

External drainage therapy
Yes 25(41.0) 36(47.4)

0.623
No 33(59.6) 40(52.6)

CSF leakage
Yes 20(34.5) 24(31.6)

0.723
No 38(65.5) 52(68.4)

Mechanical ventilation
Yes 16(27.6) 32(42.1)

0.082
No 42(72.4) 44(57.9)

Central venous catheter
Yes 41(70.7) 47(61.8)

0.285
No 17(29.3) 29(38.2)

Steroid usage
Yes 45(77.6) 54(71.1)

0.394
No 13(22.4) 22(28.9)

Antibiotic usage before 
surgery

Yes 18(31.0) 24(31.6)
0.946

No 40(69.0) 52(68.4)

Outcome
Discharge from the hospital 41(70.7) 40(52.6)

0.034*
Death 17(29.3) 36(47.4)

*p<0.05.
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Finally, maybe the most important result of this study is that 
fatality of the meningitis caused by Gram-negative microor-
ganisms was higher than with Gram-positives (fatality com-
parison between causative agents had statistical significance; 
fatality was 47.4% and 29.3% in Gram-negative and -positive 
meningitis respectively). It might not be possible to tie this re-
sult to microorganism-associated factors but it can be said 
that drug resistance is tending to increase all over the world 
and particularly the spread of carbapenem-resistant species 
contribute to this increase (1,7,9). 

Our study has two important limitations. Negative CSF cultures 
occur in 11-30% and may be more common in nosocomial 
meningitis and the first limitation was including only patients 
who had positive CSF cultures (25,28). Additionally, patients 
who may not undergo lumbar puncture, such as brain 
abscess or postoperative intracranial hemorrhage, can result 
in negative CSF cultures and these patient groups being partly 
represented in our study can result in an underestimation of 
the rate of CSF parameters for comparison (1,28). Another 
issue is that the prognosis of polymicrobial meningitis was not 
interpreted because of having a low number of cases. 

tables of Gram-negative and positive meningitis. This situation 
justifies the wide spectrum empirical therapy approach.

In a prospective cohort of 230 patients, severe disturbances 
in the CSF of patients with external drains limited the value 
of routine CSF analysis for prediction or diagnosis of external 
drainage-related bacterial meningitis (25). In our study, CSF 
findings of patients with external drainage were not evaluated 
further. However, it was noteworthy that there was no difference 
in the causative pathogens and Gram negatives were slightly 
more frequent. On the other hand, we found a significant 
relationship between presence of a shunt and Gram-positive 
meningitis on univariate and multivariate analysis. 

In the evaluation of CSF findings based on causatives, 
parameters like lactate, protein and glucose levels were found 
to be different on univariate analysis. CSF protein and lactate 
levels were higher while glucose levels were lower in Gram-
negative meningitis. It s not appropriate to give thresholds 
for these parameters and also its hard to comment about 
the pathophysiology. However, it can be interpreted from 
this study that Gram-negative microorganisms change CSF 
analysis reports more prominently.

Table IVB: Comparison of Demographic, Clinical and Prognostic Features of Gram-Negative and Positive POMs

  Gram Positive Mean±S.D.
Med(min-max) 

Gram Negative Mean±S.D.
Med(min-max) p

Age of patients 43.7±17.1
48.5 (18-75)

47.7±14.8
51 (19-80) 0.152

The duration between surgery and meningitis 16.4±12.6
13.0(3.0-55.0)

11.2±6.7
10.0(3.0-33.0) 0.045*

The duration of hospitalization before surgery 11.53±13.3
9.0(0.0-77.0)

11.8±14.4
8.0(0.0-99.0) 0.708

The duration of hospitalization in ICU 37.9±35.5
25.0(0.0-177.0)

40.0±23.1
38.0(0.0-87.0) 0.720

The total duration of hospitalization 52.0±37.2
45.0(80-177.0)

48.4±25.3
42.5(10.0-140.0) 0.966

The duration between diagnosis and death 14.6±13.3
7.5(2.0-46.0)

33.3±27.6
29.0(2.0-128.0) 0.017*

Peripheral WBC count (median cells/mm3 X103) 15335±6754
15300(4300-31000)

15337±6022
14800(5300-27100) 0.999

CRP (mg/L) 13.2±11.7
10.9(0.7-45.4)

13.4±10.4
11.4(0.5-48.9)

0.674

CSF WBC count (median cells/mm3) 652.7±842.9
240.0(30.0-3500.0)

665.0±804.6
320.0(30.0-3250.0) 0.923

CSF protein level (mean mg/dL) 152.7±139.6
102.0(34.0-658.0)

211.8±161.3
162.0(21.0-632.0) 0.022*

CSF glucose level (mean mg/dL) 53.1±29.7
45.0(10.0-164.0)

44.0±38.4
28.0(2.0-148.0) 0.049*

CSF lactate level  (median mg/dL) 6.8±3.4
6.3(2.1-20.0)

8.8±5.5
7.8(1.7-23.0) 0.039*

*p<0.05
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█    CONCLUSION
In POMs, Gram-negative pathogens were seen more frequently; 
A.baumanni was the predominant pathogen; meningitis 
developed relatively faster, CSF findings were affected more 
prominently, and the fatality rate was higher in meningitis due 
to Gram-negative pathogens. Our study supports the known 
association between Gram-positive meningitis and shunt 
use. The worldwide antibiotic resistance, which could have 
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