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Abstract

Background: Cerebrospinal fluid (CSF) and blood cultures are gold standard tests for establishing the diagnosis of meningitis; 
however, they are labor-intensive and require longer turnaround time before the results are available to the physician. This study was 
conducted to evaluate the levels of laboratory markers in CSF samples.

Design and Methods: A total of 248 CSF samples were received from 137 patients suspected with meningitis. The samples were 
collected by our physicians and sent to the laboratory for immediate analysis. White blood cell (WBC) count and levels of glucose and total 
protein (TP) were analyzed. CSF culture was done for all samples in the microbiology laboratory. Diagnostic sensitivity and specificity were 
calculated.

Results: The majority of samples were received from neonates (61 patients [44.5%], aged <1 year), children (36 patients [24.3%], 
aged <18 years), and adults (40 patients [29.2%], aged >18 years). There were 47 (34.3%) females. Culture results revealed 15 samples 
(7.7%) positive for bacterial meningitis. Sensitivities for WBC count and TP and glucose levels were 73.3%, 86.7%, and 60%, respectively, 
and the respective specificities were 75.4%, 36.1%, and 30.7%. Positive predictive values were 20%, 10.2%, and 6.7%, respectively, and 
negative predictive values were 97.1%, 97%, and 90.2%, respectively. The overall accuracy rates were 75.3%, 40%, and 33%, respectively.

Conclusion: CSF and blood cultures demonstrated good sensitivity but low specificity, with the exception of WBC count. These tests 
were sufficient to rule out meningitis.
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Introduction
Due to the severity and high morbidity and mortality rates 

of bacterial meningitis, there is an urgent need for a rapid and 
accurate diagnostic test for bacterial meningitis [1]. However, the 
majority of meningitis cases (82%–94%) are nonbacterial, which 
makes the clinical differentiation from bacterial meningitis quite 
challenging [2].

Neonates are more commonly affected by bacterial meningitis 
than any other age group. In addition, the clinical presentation 
of neonatal meningitis is nonspecific despite the significant 
mortality and morbidity, which presents decision-making 
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challenges among clinicians regarding whether to perform 
lumbar puncture on all patients who receive sepsis workup [3-5].

As nonbacterial meningitis accounts for the majority of 
meningitis cases, these patients are vulnerable to unnecessary 
investigations, hospitalization, and use of antibiotics unless an 
accurate and rapid diagnosis is established [6-8].

Currently, cerebrospinal fluid (CSF) culture is the gold 
standard for the diagnosis of bacterial meningitis, and when prior 
antibiotics are not administered, this is diagnostic in 70%–85% of 
the cases. However in the acute setting, CSF culture is not useful 
because the routine culture takes approximately 2–5 days before 
the results are acquired. Although nucleic acid amplification tests 
have been clinically used for the diagnosis of a variety of common 
causes of meningitis during the past decade, they are not readily 
available in the initial evaluation of suspected meningitis due to 
the technical expertise required for performing these tests [9-
20].

Preliminary CSF culture results and the clinical symptoms 
are useful parameters that can be used to determine whether 
to commence antibiotics in pediatric patients, and in fact these 
parameters are clinically used to differentiate between viral 
meningitis and bacterial meningitis [21].

The components of CSF proteins include albumin, transferrin, 
and immunoglobulin in addition to globulin and other enzymes 
[22]. Furthermore, CSF protein level is a useful clinical marker 
of endothelial cell permeability in neurological disorders based 
on the fact that CSF protein levels are increased due to increased 

endothelial cell permeability [23]. Therefore, in the present study, 
we evaluated the levels of laboratory markers in CSF samples.

Materials and Methods

Study area

This study was performed in King Abdulaziz Medical City, a 
tertiary care hospital in Riyadh, Saudi Arabia.

Study population

Adult and pediatric patients with a clinical suspicion of 
meningitis were routinely referred to undergo a lumbar puncture.

Study design

This was a retrospective electronic record review of CSF 
samples collected over a 1-year period in 2014 using the 
QuadraMed Electronic Medical Record System. All samples 
were processed at the Department of Pathology and Laboratory 
Medicine, King Abdulaziz Medical City. A clinical suspicion of 
meningitis was defined as having any combination of the following 
symptoms: headache, irritability, vomiting, fever, neck stiffness, 
convulsions, focal neurologic deficit, and altered consciousness 
or lethargy, with no other general medical condition explaining 
them. Patients already receiving specific treatment were 
excluded. All included patients underwent a lumbar puncture 
using standard procedures. CSF samples were sent within 1 
h of collection to the laboratory for microbiological analysis 
(acid-fast bacillus staining), culture for mycobacteria in Ogawa 
medium, Gram’s stain, culture for common bacteria, cytological 
analysis (total white blood cell [WBC] count and determination 

Figure 1 The receiver operator curve (ROC) for various parameters in CSF.
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of the percentage of lymphocytes), and biochemical (glucose and 
protein) analyses. Based on the clinical findings, the physicians 
requested for further tests/procedures (biopsy or culture of 
other body fluids and/or lymph node aspiration).

Laboratory examination

All CSF samples were processed at the Department of 
Pathology and Laboratory Medicine, King Abdulaziz Medical City, 
during 2014. Only results obtained from samples collected by 
lumbar puncture that had documented microbiological, culture, 
and biochemical results were analyzed in this study. Patients 
who did not have complete results or documents were excluded 
from analysis, leaving a total of 248 samples from 137 patients. 
All CSF specimens were processed according to standard 
protocols, which included a cell count, differential count, Gram’s 
stain, and CSF protein (mg/L) and glucose (mmol/L) estimation. 
Hematological and biochemical markers were evaluated in these 
samples, including differential leukocyte or WBC count, red 
blood cell (RBC) count, and levels of glucose and total protein 
(TP). The fluids were also visually checked for appearance, color, 
and turbidity. The analyzers used in this study were Advia 2120 
from Siemens Company for measuring hematological markers 
and Architect from Abbott Company for measuring biochemical 
markers.

Parameter cutoff values and statistical analysis: The 
diagnostic parameters in CSF considered in this study were 
evaluated at their respective cutoff values as follows: TP >400 
mg/L and glucose levels 60–80 mg/dL (for patients aged <12 
years) and 40–70 mg/dL (for patients aged >12 years). The cutoff 
values for WBC and RBC counts were as follows: for adults aged 
>12 years, 5 WBCs/µL or ×106/L and 10 RBCs/µL or ×106/L; for 
infants aged <1 year, 30 WBCs/µL or ×106/L; for those aged <4 
years, 20 WBCs/µL or ×106/L; and for those aged <12 years, 10 
WBCs/µL or ×106/L. The cutoff values for other cells were as 
follows: for adults, lymphocytes 40%–80% and neutrophils 0%–
6%, and for neonates, lymphocytes 5%–35% and neutrophils 
0%–8%. Data were analyzed using SPSS version 20. Baseline 
characteristics were presented as frequencies and percentages. 
Chi-square test was used to assess the association between CSF 
culture results and other CSF properties. Sensitivity analysis 
and receiver operating characteristic (ROC) curves were used 
to evaluate the accuracy of CSF properties with the CSF culture 
results. A test was considered to be statistically significant when 
the P value was <0.05.

Results
A total of 248 CSF samples were collected from 137 patients. 

There were 47 (34.3%) female and 90 (65.7%) male patients 
enrolled in this study. The majority of patients (61 [44.5%]) 
were neonates aged <1 year. There were 36 (26.3%) children 
aged <18 years. The remaining 40 (29.2%) adult patients were 
aged <18 years. The results of CSF culture revealed 180 (92.3%) 
negative and 15 (7.7%) positive cases of bacterial meningitis. 
The positive results disclosed Actinobacter baumannii in two 
cases, Enterobacter cloacae in one case, coagulase-negative 
Staphylococci in four cases, Pseudomonas aeruginosa in six cases, 

and Streptococcus agalactiae (Group B streptococci) in two cases.

Table 1 describes the appearance and color of all CSF samples 
received in our laboratory. The majority of samples were clear 
192 (81%) and had no turbidities. Other samples appeared 
slightly cloudy (16 [6.8%]), heavily cloudy (18 [7.6%]), or bloody 
(11 [4.6%]). Regarding the color of CSF samples, the majority 
were colorless (158 [66.7%]). On the other hand, 60 (25.3%) 
samples were xanthochroid and 20 (8.4%) samples had other 
colors.

Table 2 shows the number and percentage of normal and 
abnormal results for different markers in the CSF samples. Not 
all tests were done on every sample, and the maximum (248 
results) tests were performed for TP and the lowest (122 results) 
for neutrophils. The percentage of normal results for all markers 
ranged from the lowest (16.4%) for neutrophils to the highest 
(76.8%) for WBCs. On the other hand, the abnormally high results 
ranged from 6.1% for lymphocytes to 64.8% for neutrophils, and 
the abnormally low results ranged from 15.5% for TP to 41.5% 
for monocytes. Other results for rare, few, or occasional findings 
were 29.9% for lymphocytes and 22.0% for monocytes.

Table 3 presents the values for sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) and 
the p value for different CSF markers. The results indicated 
that the highest sensitivity of 86.7% was found for both TP and 
neutrophils, whereas the lowest sensitivity of 33.3% was found 
for the appearance of CSF samples. The specificity ranged from 
the lowest of 10.2% for neutrophils to the highest of 75.4% for 
WBC count. The PPVs were found to be low for all parameters, 
ranging from 7.6% to 20%. In contrast, the NPVs were better 
for all parameters, ranging from 83.8% for lymphocytes to 97% 
for TP. Among all parameters, the p values were found to be 
significant only for WBCs (<0.00001) and lymphocytes (0.032). 
Fig. 1 illustrates the ROC curve for the various CSF parameters.

Discussion
In this study, we evaluated some biochemical and 

hematological parameters in the CSF collected from patients 
with suspected meningitis in Saudi Arabia. This issue was raised 
to identify rapid and more sensitive and specific markers to aid 
in the diagnosis of meningitis, which was because the CSF culture, 
although being the gold standard test, requires long time to 
provide the information to clinicians.

Table 1: Description of the appearance, conditions and color of all CSF 
samples. The number and percentage are shown are included.
Parameter Condition of CSF N (%)

CSF Appear Clear 192 (81%)

Slightly Cloud 16 (6.8%)

Heavy Cloud 18 (7.6%)

Bloody 11 (4.6%)

Color colorless 158 (66.7%)

Xanthochroid 60 (25.3%)

other color 20 (8.4%)
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Table 2: Number and percentage of normal and abnormal results for different biochemical and hematological CSF markers. NA means “not applicable”.

CSF Parameter Normal 
n(%)

Low 
n(%)

High 
n(%)

Rare, Few, occasional 
n(%)

Total Protein 102 (42.9%) 37 (15.5%) 109 (41.6%) NA

Glucose 75 (31.6%) 54 (22.8%) 108 (46.5%) NA

Red Cells 129 (54.4%) NA 108 (45.6%) NA

White Cells 182 (76.8%) NA 55 (23.2%) NA

Lymphocytes 40 (27.2%) 54 (36.7%) 9 (6.1%) 44 (29.9%)

Monocytes 35 (28.5%) 51 (41.5%) 10 (8.1%) 27 (22.0%)

Neutrophils Segs 20 (16.4%) NA 79 (64.8%) 23 (18.9%)

Table 3: The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), AUC = area under the curve and the p-value for 
different CSF markers.
CSF Parameter Sensitivity % Specificity % PPV % NPV % AUC P-value

Total Protein 86.7 36.1 10.2 97 0.614 0.074

Glucose 60 30.7 6.7 90.2 0.564 0.457

Red Cells 40 48.6 6.1 90.6 0.443 0.396

White Cells 73.3 75.4 20 97.1 0.741 <0.00001

Lymphocytes 40 17.3 5.7 83.8 0.389 0.032

Monocytes 80 16.95 7.6 90.9 0.486 0.764

Neutrophils Segs 86.7 10.2 7.6 90 0.485 0.700

Appearance 33.3 78.3 11.4 93.4 0.442 0.299

Color 40 60 11.4 94.8 0.394 0.11

Our results showed that TP, neutrophils, monocytes, and 
glucose have better sensitivity in detecting bacterial meningitis; 
however, these parameters showed poor specificity and 
therefore can be used only for ruling out bacterial meningitis. 
On the other hand, parameters such as RBCs, lymphocytes, and 
color demonstrated poor sensitivity and specificity. Although 
the lowest sensitivity of 33.3% was found for the appearance 
of CSF samples, it showed good specificity. Hence, this test can 
be considered as one of the methods for including the diagnosis 
of bacterial meningitis. Finally, the WBC count showed good 
combination of sensitivity and specificity and can be used as 
the first choice to either rule in or rule out bacterial meningitis. 
This finding is in agreement with that reported by White et al 
who found that WBC count was the most useful parameter for 
discriminating bacterial meningitis from other causes [24]. In 
addition, they detected better sensitivity and specificity for TP 
than our results, which may be because they used a higher (600 
mg/L) cutoff value for discriminating bacterial from nonbacterial 
meningitis, whereas we used 400 mg/L that may have resulted in 
comparable sensitivity but lower specificity compared with those 
reported by White et al. Another reason could be the differences 
in the analyzer and technology used for measuring the TP levels in 
their study and our study. They used Beckman Coulter Synchron 
Clinical Systems (Beckman Coulter, Brea, CA, USA), whereas we 
used the Architect C16000 analyzer (Abbott, Springfield, IL, USA). 
The low sample size in our study may also be another contributor 
to these differences.

In the study of Manning L et al, in which they prospectively 

collected and examined CSF samples from 1192 children who 
participated in their study, the CSF was clear in 77.5% and 
cloudy in 4.5% of the children [25]. These data are consistent 
with our findings, where we found that the CSF samples were 
clear in 81%, slightly cloudy in 6.8%, and heavily cloudy in 7.6% 
of the patients. We detected a low diagnostic value using these 
visual parameters. Unfortunately, no diagnostic accuracy of 
these visual parameters was reported in the study of Manning L 
et al to enable comparison with our study results. Nevertheless, 
this comparison would not add much value due to the fact that 
the utilization of these visual parameters is not accurate in the 
evaluation of patients with suspected meningitis and other 
laboratory analyses, including the gold standard CSF culture, 
will remain the best and the first choice to order. Manning L et al 
also reported that 58 (4.9%) children had positive cultures [25]. 
Similarly but slightly higher, we reported that 7.7% of suspected 
cases for meningitis had positive cultures.

At a cutoff of 330 mg/L for TP, Manning L et al calculated the 
sensitivity and specificity as 99.5% and 25.2%, respectively for 
TP and 99.6% and 98.7%, respectively, for WBCs (leukocytes), 
as they used 20 cells/mm3 as a cutoff value [25]. Similarly, when 
they increased the cutoff value for TP to 1000 mg/L and retained 
the same WBC cutoff value, the sensitivity of TP decreased slightly 
to 96.3, but the specificity dramatically increased to 83.8% [25].

Manning L et al found that the total CSF leukocyte count had 
good diagnostic precision with an AUC ROC of >97.5% and an 
optimal cutoff value of ≥20 cells/mm3 [25]. They reported that 
the diagnostic precision of CSF protein was lower than that of 
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CSF leukocyte count. They used a semiquantitative method to 
measure glucose and protein levels, which was performed using 
dipsticks (Acon Laboratories, San Diego, USA) [25].

Another study conducted by Liu YJ et al investigated the CSF 
samples collected from 123 Chinese patients of whom 80 had 
bacterial meningitis and 43 had nonbacterial meningitis [26]. 
They found a lower sensitivity of 88.75% for CSF leukocytes but 
a better specificity of 90.7% at a cutoff of 116 × 106/L. However, 
a very low sensitivity of 43.75% for TP but a better specificity 
of 86.05% were observed at a cutoff of 1140 mg/L [26]. These 
findings may support our abovementioned explanation that the 
sample size could have contributed to the calculation of diagnostic 
accuracy. Liu YJ et al also reported a CSF glucose sensitivity of 
65% and a specificity of 67.4%.

Conclusion
Our study demonstrated that some laboratory parameters in 

CSF samples showed good sensitivity but low specificity, with the 
exception of leukocytes. These tests were sufficient to rule out 
meningitis. However, CSF culture will remain the gold standard 
test to accurately diagnose bacterial meningitis. The limitations 
of this study were the low sample size and the retrospective 
design, and therefore, further studies are required to reach a 
solid conclusion.

Acknowledgment
Authors would like to thank the King Abdulla International 

Medical Research Center for the support.

References
1. Hoffman O & Weber RJ. Pathophysiology and treatment of bacterial 

meningitis. Ther Adv Neurol Disord 2009;2:1–7 [

2. Nigrovic LE, Kuppermann N, Malley R. Development and validation 
of a multivariable predictive model to distinguish bacterial from 
aseptic meningitis in children in the post-haemophilus influenzae era. 
Pediatrics 2002;110:712–9.

3. Wenger JD, Hightower AW, Facklam RR, Gaventa S, Broome CV: 
Bacterial meningitis in the United States, 1986: Report of a multistate 
surveillance study. The Bacterial Meningitis Study Group. J Infect Dis 
162:1316-23, 1990 

4. Stoll BJ, Hansen N, Fanaroff AA, Wright LL, Carlo WA, Ehrenkranz RA 
et al: To tap or not to tap: High likelihood of meningitis without sepsis 
among very low birth weight infants. Pediatrics 2004;113:1181-6 .

5. Stoll BJ, Hansen NI, Adams-Chapman I, Fanaroff AA, Hintz SR, Vohr B 
et al: Neurodevelopmental and growth impairment among extremely 
low-birth-weight infants with neonatal infection. JAMA 2004; 
292:2357-65.

6. Parasuraman TV, Frenia K, Romero J. Enteroviral meningitis. Cost of 
illness and considerations for the economic evaluation of potential 
therapies. Pharmacoeco- nomics 2001;19:3-12.

7. Raymond J. Epidemiology of nosocomial infections in pediatrics. 
Pathol Biol (Paris) 2000;48:879–84.

8. Swingler G, Delport S, Hussey G. An audit of the use of antibiotics 
in presumed viral meningitis in children. Pediatr Infect Dis J 
1994;13:1107–10.

9. Bohr V, Paulson OB, Rasmussen N. Pneumococcal meningitis. Late 

neurologic sequelae and features of prognostic impact. Arch Neurol 
1984;41:1045–9.

10. Yibin Lin, Mikhail Bogdanov, Shuo Lu, Ziqiang Guan, William Margolin, 
Jerrold Weiss, Lei Zheng. Phospholipid repair system LplT/Aas 
protects the Gram-negative bacterial membrane envelope from host 
phospholipase A2 attack. J Biol Chem. 2018 Mar 2;293(9):3386-3398.

11. Fanli Zeng, Suhua Zhang, Zhimin Hao, Shixin Duan, Yanan Meng, Pan 
Li, Jingao Dong1, and Yibin Lin. Efficient strategy for introducing large 
and multiple changes in plasmid DNA. Scientific reports. 2018 Jan 29; 
8:1714

12. Fanli Zeng, Jinping Zang, Suhua Zhang, Zhimin Hao, Jingao Dong, and 
Yibin Lin. AFEAP Cloning: A Precise and Efficient Method for Large 
DNA Sequence Assembly. BMC Biotechnology. 2017 Nov 14;17(1):81

13. Zeng F, Hao Z, Li P, Meng Y, Dong J, Lin Y. A restriction-free method 
for gene reconstitution using two single-primer PCR in parallel to 
generate compatible cohesive ends. BMC Biotechnol. 2017 Mar 
17;17(1):32.

14. Zeng F, Zhang Y, Zhang Z, Malik A, Lin Y. Multiple-site fragment 
deletion, insertion, and substitution mutagenesis by modified overlap 
extension PCR. Biotechnology & Biotechnological Equipment. 2017 
Jan 25; 31(2):339-348.

15. Lin Y, Bogdanov M, Tong S, Guan Z, Zheng L. Substrate selectivity 
of lysophospholipid transporter LplT involved in membrane 
phospholipid remodeling in Escherichia coli. J Biol Chem. 2016 Jan 
29;291(5):2136-49.

16. Tong S, Lin Y, Lu S, Wang M, Bogdanov M, Zheng L. Structural insight 
into substrate selection and catalysis of lipid phosphate phosphatase 
PgpB in the cell membrane. J Biol Chem. 2016 Aug 26;291(35):18342-
52.

17. Zheng L, Lin Y, Lu S, Zhang J, Bogdanov M. Biogenesis, transport and 
remodeling of lysophospholipids in Gram-negative bacteria. Biochim 
Biophys Acta. 2016 Dec 9. pii: S1388-1981(16)30332-8.

18. Yibin Lin, Mikhail Bogdanov, Shuilong Tong, Ziqiang Guan, and Lei 
Zheng. Substrate selectivity of Lysophospholipid transporter LplT 
involved in membrane phospholipid remodeling in Escherichia coli. 
FASEB J April 2016 30:661.1

19. Fuerst O, Lin Y, Granell M, Leblanc G, Padrós E, Lórenz-Fonfría 
V, Cladera J. Melibiose transporter of Escherichia coli: Critical 
contribution of Lys377 to the structural organization of the interacting 
substrate binding sites. J Biol Chem. 2015 Jun 26;290(26):16261-71.

20. Lin Y, Fuerst O, Granell M, Leblanc G, Lórenz-Fonfría V, Padrós P. 
The substitution of Arg149 with Cys fixes the melibiose transporter 
in an inward-open conformation. Biochim Biophys Acta. 2013 
Aug;1828(8):1690-9.;

21. Bonsu BK, & Harper MB. Differentiating acute bacterial meningitis 
from acute viral meningitis among children with cerebrospinal fluid 
pleocytosis: a multivariable regression model. Pediatr Infect Dis J 
2004;23:511–7.

22.  Profeta L. Cerebrospinal fluid. In: Wolfson AB, editor. Diagnostic 
testing in emergency medicine. Philadelphia: Saunders; 1996;377–85.

23. Lindquist L, Linne T, Hansson LO, Kalin M, Axelsson G. Value of 
cerebrospinal fluid analysis in the differential diagnosis of meningitis: 
a study in 710 patients with suspected central nervous system 
infection. Eur J Clin Microbiol Infect Dis 1988;7: 374–80.

24.  White K. , Ostrowski K , Maloney S., Norton R. The utility of 
cerebrospinal fluid parameters in the early microbiological 
assessment of meningitis. Diag. Microb. & Infect. Dis. 2012;73:27–30



6/6SM J Clin Pathol 4: 6

25. Manning L, Laman M, Mare T, Hwaiwhanje I, Siba P, Davis T. Accuracy 
of cerebrospinal leucocyte count, protein and culture for the diagnosis 
of acute bacterial meningitis: a comparative study using Bayesian 
latent class analysis. Trop Med Internt. Health. 2014;19(12):1520–24

26. Yong-Juan Liu, Li-Hua Shao, Qian Wang, Jian Zhang, Rui-Ping Ma, 
Hai-Hong Liu ,Xiao-Meng Dong, Li-Xian Ma Predictive Value of Decoy 
Receptor 3 in Postoperative Nosocomial Bacterial Meningitis. Int. J. 
Mol. Sci. 2014;15:19962-70.


	Evaluation of Biochemical and Hematological Markers of Cerebrospinal Fluid in Patients Suspected wit
	Abstract
	Abbreviations
	Introduction
	Materials and Methods 
	Figure 1
	Results
	Discussion
	Table 1
	Table 2
	Table 3
	Conclusion
	Acknowledgment
	References

