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ABSTRACT

Objective: To evaluate laboratory findings that predict bacterial
meningitis in emergency service and their diagnostic effectiveness.

Methods: This retrospective cohort study analyzed data from
patients presenting with meningitis symptoms at a referral hospital
in Mersin, Turkey, between January 2019 and January 2022.
Clinical findings and laboratory results, including leukocyte
count, C-reactive protein (CRP), and procalcitonin levels in blood,
were examined. Logistic regression, Chi square test, and receiver
operating characteristics (ROC) curve analyses assessed the
predictive value of these parameters.

Results: A total of 199 participants were included in the study; 99
patients were diagnosed with meningitis after lumbar puncture
and 100 served as controls. Patients with meningitis exhibited
significantly higher leukocyte counts (median: 11 890x10%/
L vs. 7905x10°/ . L, P<0.001) and CRP levels (median:
6.00 mg/dL vs. 0.95 mg/dL, P<0.001) compared to controls.
Procalcitonin levels were significantly elevated in meningitis
patients (median: 0.21 ng/mL vs. 0.10 ng/mL, P<0.001). Logistic
regression identified albumin (OR=0.16, 95% CI=0.06-0.40), and
CRP (OR=1.18, 95% CI=1.08-1.28) as independent predictors of
meningitis. ROC analysis for CRP demonstrated a sensitivity of
80.6% and specificity of 70.0% at a cut-off value of 2.23 mg/dL
(AUC=0.792).

Conclusions: Elevated albumin levels and CRP contents in the
blood were significant predictors of meningitis in emergency

service. Early identification of predictive markers may aid in timely

lumbar puncture and management of atypical cases.
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Summary

Question:What laboratory findings can predict bacterial
meningitis in emergency department patients?

Findings: This study identified albumin and C-reactive protein-
levels as significant predictors meningitis. CRP demonstrated a
sensitivity of 80.6% and specificity of 70.0% at a cut-off value of
2.23 mg/dL.

Meaning: These findings emphasize the utility of specific blood
markers in aiding the early diagnosis of bacterial meningitis in
emergency settings. Although no single marker is definitive,
these results can guide clinicians in performing timely lumbar
punctures, especially in atypical cases.
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1. Introduction

Acute bacterial meningitis is still a significant health problem in
all groups despite the vaccination programs, prophylaxis practices
and developing health policies implemented worldwider1]. It still
results in mortality rates ranging from 2% to 30% and morbidity
rates of up to 20%[2]. In addition, most patients with meningitis
have a history of recent antibiotic treatment for any reason, and
the diagnosis of bacterial meningitis can be confirmed in a small
number of these patients[3]. This situation leads to prolonged
hospitalization, the need to use combination therapies, possible
drug side effects, and prolonged or unnecessary intensive care
unit stays. Therefore, it is vital to distinguish bacterial meningitis
in emergency services and to initiate early treatment after
confirming the diagnosis[3]. In the diagnostic phase, clinical
findings do not have high sensitivity in distinguishing bacterial
meningitis, especially in patient groups such as older age and
immunosuppressed patients, and laboratory markers are used to
support the diagnosis[4]. Although the culture method applied from
the sample taken from the cerebrospinal fluid (CSF) is accepted
as the gold standard in diagnosis, the time it takes to complete and
the low culture positivity rates are handicaps for diagnosis[5]. CSF
culture is considered the gold standard to the diagnosis of bacterial
meningitis, yet is only positive in 70%-85% of persons with
bacterial meningitis who have not received antimicrobial therapy
prior to lumbar puncturel6].

Lumbar puncture is the most effective diagnostic method in the

diagnosis of meningitis. However, there are also limitations to the

application of the method. Lumbar puncture is contraindicated in
cases such as increased intracranial pressure, the presence of brain
abscess, intracranial mass and bleeding diathesis[7]. Therefore,
new methods are needed that will support the data obtained as
a result of the examination of the CSF sample at the time of
admission to the emergency department or that can be used in
diagnosis and follow-up in cases where lumbar puncture is not
possible.

This study aimed to evaluate the laboratory data and lumbar
puncture findings obtained during admission in cases with
meningitis clinic who applied to the emergency department and
examined the early predictive laboratory findings that can be used

for the diagnosis of meningitis.

2. Patients and methods

2.1. Study setting

Our study is a retrospective-cross-sectional study. Patients who
applied to the tertiary emergency department between January 2019
and January 2022 and were diagnosed with meningitis, and patients
who applied to the tertiary emergency department on the same dates
with complaints of high fever and who were not diagnosed with
meningitis during follow-up and who did not require hospitalization
(as the control group) were included in our study. The study

population consists of 99 patients and 100 controls.

Patients with fever

Figure 1. The study flowchart. CSF: Cerebrospinal fluid.
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2.2. Ethical statement

For this study, ethics committee approval was obtained from
Karabiik University Ethics Committee with the decision dated
16.05.2023 (No.1389).

2.3. Inclusion and exclusion criteria

Patients who applied to the hospital with a meningitis clinic and
were diagnosed with meningitis with CSF findings were included
in the study. As the control group, patients who applied to the
emergency department with complaints of high fever during the
same date, who were not diagnosed with meningitis as a result
of examination and tests and who did not require hospitalization
were included. Patients to be included in the meningitis and control
groups were formed from patients over the age of 18, not pregnant,
not diagnosed with any malignancy and whose information could
be fully accessed from the database. Patients whose records could
not be fully accessed, those under the age of 18, those who were
pregnant, those diagnosed with malignancy or those being followed
up with a diagnosis of malignancy were excluded from the study.

The study flowchart is shown in Figure 1.

2.4. Data Collection

The data of the patients included in the study were examined
retrospectively. Demographic data and medical history were
recorded. The values of blood lactate, sedimentation rate,
procalcitonin, D-dimer, C-reactive protein (CRP), albumin,

leukocytes, lymphocytes, and platelets were recorded.

2.5. Statistical analysis

While evaluating the findings obtained in the study, SPSS 22.0
software (IBM SPSS, Chicago, IL, USA) was used for statistical
analysis. While evaluating the study data, descriptive statistical
methods (mean, median, standard deviation, interquartile range
25-75, frequency) were used to calculate the conformity of the
parameters to the normal distribution, as well as Student’s ¢ test was
used to compare the quantitative data in cases where it conformed to
the normal distribution, and Mann Whitney U test was used in cases
where it did not conform to the normal distribution. Correlation
analyses were used to investigate the relationships of continuous
data. Chi square test was used to compare qualitative data and

significance was determined at P<0.05 during the tests.

3. Results

Of the patients included in the study, 97 (48.0%) were female.
The median age of the patients was 45 (33-59). The most
common complaint was fever, reported by 64 (64.7%) patients
in the meningitis group and 68 (68.0%) in the control group. The
diagnoses of the patients in the control group were as follows:
pyelonephritis (n=32), pneumonia (n=31), endocarditis (n=17),
and septicemia (n=20). The demographic data of the patients
are summarized in Table 1. When the meningitis group and the
control group were compared; no difference was found between the
median ages of both groups (P=0.778). When the gender data were
evaluated, the number of male patients in the meningitis group was

found to be significantly higher (P<0.001). The median leukocyte

Table 1. Comparison of laboratory and demographic values of meningitis and control groups.

Variables Meningitis group Control group LU P
(n=99) (n=100)
Age, years, median, Q1, Q3 48 (27, 64) 45 (33, 59) 3263.5 0.778
Sex, n, %
Male 66 (66.7%) 36 (36.0%) 15.60 <0.001
Female 33 (33.3%) 64 (64%)
Fever 64 (64.7%) 68 (68.0%) 1.00 0.068
Loss of consciousness 17 (17.4%) 6 (6.0%) 5.03 0.025
Headache 45 (45.5%) 20 (20.0%) 10.60 0.001
Vomiting 38 (38.4%) 12 (12.0%) 15.20 <0.001
ALT, . /L, median, Q1, Q3 30 (17, 46) 22 (16, 32) 2410 0.002
Albumin, g/dL, median, Q1, Q3 3.80 (3.40, 4.00) 4.10 (3.89, 4.40) 1681.5 <0.001
WBC, x10% ¢ L, median, Q1, Q3 11890 (8080, 19800) 7905 (6090, 9583) 1669 <0.001
Neutrophils, x10* ¢+ L, median, Q1, Q3 10100 (5650, 17210) 5065 (3955, 6322) 1492.5 <0.001
Platelet, x10*/ 2 L, median, Q1, Q3 222 (163, 296) 256 (200, 324) 2565 <0.001
Lymphocyte, x10*/ 1 L, median, Q1, Q3 1070 (760, 1770) 1840 (1335, 2475) 1829 <0.001
Procalcitonin, ng/mL, median, Q1, Q3 0.21 (0.10, 1.20) 0.10 (0.02, 0.20) 2107.5 <0.001
CRP, mg/dL, median, Q1, Q3 6.00 (2.80, 18.90) 0.95 (0.33, 2.80) 1391.5 <0.001

ALT: Alanine amino transferase, WBC: White blood cell, CRP: C-reactive protein.
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Table 2. Logistic regression analysis of meningitis diagnosis.

Variables Wald OR 95% CI P

Albumin (g/dL) (per 1 g/dL 1, normal: 3.5-5.0) 14.21 0.16 0.06-0.40 <0.001
Platelet (x10%/ 12 L) (per 10° 1, normal: 150-400) 0.69 0.99 0.99-1.00 0.439
Lymphocyte (x10% 2 L) (per 10° 1, normal: 1.0-3.0) 5.59 0.99 0.99-1.00 0.008
Procalcitonin (ng/mL) (per 1 1, normal: <0.1) 3.38 0.92 0.84-1.00 0.066
C-reactive protein (mg/dL) (per 1 1, normal: <0.5) 14.69 1.18 1.08-1.28 <0.001

Omnibus X ° (5) = 74.60, P<0.001, R°=0.495 (Negelkerke).

count of the patients in the meningitis group was determined as
11890 10°/ =L (8080 10%/ ;2L -19800 10*/ 1+ L), while the
median in the control group was determined as 7905 10%/ »
L (6090 10°/ »L -9583%10°/ 1L ), and the leukocyte count
was found to be statistically significantly higher in the meningitis
group (P<0.001). Similarly, the median procalcitonin value was
0.21 (0.10-1.20) in the meningitis group, which was higher than
the control group (P<0.001). Lymphocyte and platelet counts were
lower in the meningitis group than the control group (P<0.001 for
both) (Table 1).

In the logistic regression analysis performed for meningitis
diagnosis, lymphocyte count, albumin and CRP values were
determined as independent parameters for diagnosis. However,
although procalcitonin and platelet values were significantly
different between the two groups, they were not determined as
independent parameters for meningitis diagnosis (Table 2).

In the ROC analysis performed for the CRP value for meningitis
diagnosis, the sensitivity was determined as 80.6% and the
specificity as 70.0% for a cut-off value of 2.23 (AUC: 0.792,
CI=0.720-0.865, P<0.001).

When 99 meningitis patients included in our study were evaluated
with CSF findings, the median leukocyte count in CSF fluid was
326/mm’ (20/mm’-4 800/mm”). The median CSF protein was 132
mg/dL (10 mg/dL-730 mg/dL). Microorganisms were detected in 12
(12.1%) cases in CSF gram staining examination and the agent was
isolated in CSF culture in all 12 cases.

A total of 16 cases with CSF culture growth were detected. When
we look at the agent basis, Streptococcus pneumoniae growth
was found in 13 patients, Stapylococcus aureus growth was
found in two cases and Brucella spp. was found in one patient.
One patient in whom Staphylococcus aureus was detected had a
ventriculoperitoneal shunt and the other had a history of previous
brain surgery. No history of surgery or trauma was detected in the
other patients.

In culture positive cases, the mean leukocyte ratio in CSF fluid
was determined as 903 per mm’ (90 per mm’-4800 per mm”). In
the group with no growth in CSF culture, the leukocyte ratio in

CSF fluid was determined as 214 per mm® (20 per mm®-2 100 per

mm”) and the difference was found to be statistically significant
(P<0.001). When the CSF biochemical parameters were evaluated;
in meningitis cases; CSF protein median was 132 mg/dL (20 mg/
dL-730 mg/dL) and CSF glucose median was 44 mg/dL (4 mg/dL-
125 mg/dL). In the culture-negative group, CSF protein median was
67 mg/dL (12 mg/dL-110 mg/dL) and CSF glucose median was 46
mg/dL (10 mg/dL-63 mg/dL). In culture-positive cases, the CSF
protein ratio was found to be significantly higher than in the culture-
negative group (P<0.005). No significant difference was found
between CSF glucose rates (P>0.05).

Of the patients diagnosed with meningitis, 12 (12.1%) were using
oral penicillin group, 9 (9.1%) were using oral levofloxacin. No
growth was detected in CSF culture of 21 (21.2%) patients with a

history of antibiotic use.

4. Discussion

Meningitis may have an atypical course due to antibiotic use,
immunosuppression and vaccination studies in the early stages of
the disease. This often causes diagnostic difficulties and loss of time
for treatment during emergency room visits[8]. It has been reported
that mortality per hour increases significantly due to treatment
delays[9l. Evaluation of blood tests together with CSF examination
is important for confirming the laboratory diagnosis and planning
the appropriate treatment. Although growth in CSF culture is the
gold standard for meningitis diagnosis, the long turnaround time
and the fact that it is affected by various reasons such as previous
antibiotic use are handicaps. Therefore, although there are rapid and
highly specific diagnostic methods such as the polymerase chain
reaction method to isolate the agent in CSF, there is a need for early
predictive markers that can be detected in the blood along with the
patient's current clinical findings due to disadvantages such as not
being available in every center and high cost[9]. In our study, the
most common complaint in patients diagnosed with meningitis was
fever, similar to the literature[10]. The proportion of male patients in
the meningitis group was found to be significantly higher (P<0.001).

No significant difference was found between the groups in terms of
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age.

Although there are publications indicating that white blood cell
count does not play a predictive role in the diagnosis of meningitis,
in our study white blood cell was found to be statistically
significantly higher in the meningitis group compared to the control
group (P<0.001)(11,12]. This finding can be explained by the fact
that the control group consisted of cases with milder clinical
presentations that would not require hospitalization.

Khalili ef al. suggested that procalcitonin levels could be used
to diagnose bacterial meningitis at the time of presentation, to
determine prognosis, and to evaluate treatment response, supporting
our findings[12]. Simon et al. demonstrated that procalcitonin
is a more specific and sensitive method than CRP value in the
diagnosis of bacterial meningitis. The same study also stated that
procalcitonin has high specificity and sensitivity in the distinction
between bacterial/viral meningitis[14]. Since viral agents could
not be revealed in our study, no comments could be made on the
use of procalcitonin in the distinction between bacterial and viral
meningitis.

In our study, the sensitivity and specificity of CRP were determined
as 80.6% and 70.0% for the diagnosis of bacterial meningitis with
a cut-off value of 2.23 mg/dL, respectively. Lee ef al. stated that
lumbar puncture should be performed with a preliminary diagnosis
of meningitis when CRP values were determined to be >10 mg/
L in febrile infant(14] while Simon et al. stated that procalcitonin
values were more reliable in the detection of bacterial infection
than CRP[11]. Jakar et al. suggested that viral meningitis could
be considered in cases with a meningitis clinic and a serum CRP
level lower than 6 mg/dL, and that CRP was a strong marker for
pyogenic meningitis in the group with a serum CRP level higher
than 48 mg/dLI15]. Only 9.1% of the patients included in our
study with a diagnosis of meningitis could be identified with gram
staining in CSF microscopy. The detection rate of microorganisms
with Gram staining as 92%][5]. It has been reported that the
sensitivity of CSF Gram staining is 60%-98% and the specificity is
approximately 100% depending on the patient population, bacterial
type, and previous antibiotic usel6,16]. When the reason for the low
microorganism rate in Gram staining in our study was examined,
it was thought that the cytocentrifugation method was not used for
Gram staining, some patients had previously used antibiotics, and
those with viral meningitis could not be detected. In our study, the
median leukocyte value in CSF microscopy of patients diagnosed
with meningitis was 326/mm’ (20/mm’-4 800/mm’), and the median
leukocyte value in CSF samples of those with only culture positive
was 903/mm’ (90/mm’-4 800/mm”*). Monem et al. reported that CSF
leukocyte count was above 1000/mm’ in 20.9% of 110 meningitis

patients and 100/mm’-1 000/mm” in 70.1%[10]. Freedman et al.

stated that meningitis diagnosis should be avoided if CSF leukocyte
count is below 30/mm?17]. In our study, the median CSF protein
value was determined as 132 mg/dL (20 mg/dL-730 mg/dL) and
the median CSF glucose was determined as 44 mg/dL (4 mg/dL-
125 mg/dL). Jimenez et al. also determined CSF glucose values are
as an average of 40 mg/dL in bacterial meningitis cases, but they
reported that it was frequently below 25 mg/dL, and these rates are
consistent with the rates reported in our study(18].

The findings obtained in our study showed that the elevation of
leukocyte count, CRP and procalcitonin are predictive laboratory
findings supporting the meningitis clinic in cases presenting to
emergency services with meningitis clinic, but these values do
not have a sufficient role on their own in making the diagnosis of
meningitis. The predictive values obtained in the study may help
clinicians in the decision to perform lumbar puncture in cases
presenting with atypical clinic. However, this is a narrow-scope
study in which a relatively low number of cases were included in
order to show the general population. Although leukocyte, CRP
and procalcitonin values were found to be predictive values in the
diagnosis of meningitis, the issue needs to be supported by studies

with a larger number of cases.

Conlflict of interest statement

The authors report no conflict of interest.

Funding

There was no extramural funding received for conducting this

study.

Data availability statement

The data supporting the findings of this study are available from

the corresponding author upon request.

Authors’ contributions

Study concept and design: MU; Analysis and interpretation of
data: BCD, MU, and NZK; Drafting of the manuscript: BCD, MU;
Critical revision of the manuscript for important intellectual content:
BCD, MU, and NZK; Statistical analysis: MU.



6 Mustafa Uguz et al./ J Acute Dis 2025; 14; 12

Publisher’s note

The Publisher of the Journal remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Edited by Liu JJ

References

[1] Ulusoy E, Ozgelik AM, Oztiirk A, Citlenbik H, Y1lmaz D, Duman M.
Clinical and laboratory findings in early diagnosis of bacterial meningitis.
J Pediatr Emerg Intensive Care Med 2020; 7(3): 117-121.

[2] Grandgirard D, Leib SL. Strategies to prevent neuronal damage in
paediatric bacterial meningitis. Curr Opin Pediatr 2006; 18(2): 112-118.

[3] Tunkel AR, Hartman BJ, Kaplan SL, Kaufman BA, Roos KL. Practice
guidelines for the management of bacterial meningitis. Clin Infect Dis
2004; 39(9): 1267-1284.

[4] Van de Beek D, Cabellos C, Dzupova O, Esposito S, Klein M, Kloek
AT, et al. ESCMID guideline: Diagnosis and treatment of acute bacterial
meningitis. Clin Microbiol Infect 2016; 22(3): 37-62.

[5] Bagpmar EO, Dayan S, Bekgibast M, Tekin R, Ayaz C, Deveci O, et al,
Comparison of culture and PCR methods in the diagnosis of bacterial
meningitis. Braz J Microbiol 2017; 48(2): 232-236.

[6] Poplin V, Boulware DR, Bahr NC. Methods for rapid diagnosis of
meningitis etiology in adults. Biomark Med 2020; 14(6): 459-479.

[7] Doherty CM, Forbes RB. Diagnostic lumbar puncture. Ulster Med ]
2014; 83 (2): 93-102.

[8] Long F, Kong M, Wu S, Zhang W, Liao Q, Peng Z, et al. Development
and validation of an advanced fragment analysis-based assay for the
detection of 22 pathogens in the cerebrospinal fluid of patients with
meningitis and encephalitis. J Clin Lab Anal 2019; 33(3): €22707.

[9] Glimaker M, Johansson B, Grindborg O, Bottai M, Lindquist L, Sjélin

J. Adult bacterial meningitis: Earlier treatment and improved outcome
following guideline revision promoting prompt lumbar puncture. Clin
Infect Dis 2015; 60(8): 1162-1169.

[10]Monem ASM, Shora HA, Al Amely AM, Khalifa NA. Clinical
characteristics and causative pathogens of acute meningitis in an
egyptian fever hospital, Egypt. J Bio Eng Innov 2022; 3(2): 1-8.

[11]Lee TG, Yu ST, So CH. Predictive value of C-reactive protein for the
diagnosis of meningitis in febrile infants under 3 months of age in the
emergency department. Yeungnam Univ J Med 2020; 37(2): 106-111.

[12]Khalili H, YadollahiKhales G, Isaee M. Diagnostic accuracy of
peripheral white blood cell count, fever and acute leukocutosis for
bacterial meningitis in patients with severe traumatic brain injury. Bull
Emerg Trauma 2015; 3(2): 53-58.

[13]Igbal MA, Wani FA, Al Wajid S. Role of serum procalcitonin in
monitoring the response to treatment of pediatric meningitis. /nt J
Pediatr Res 2020; 7(7): 351-355.

[14]Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix J. Serum
procalcitonin and C-reactive protein levels as markers of bacterial
infection: A systematic review and meta-analysis. Clin Infect Dis 2004;
39 (2): 206-217.

[15])Jaikar PB, Shivaraj BM, Shoukat AR. A study on levels of serum
C-reactive protein estimation in acute meningitis in adults at a tertiary
care hospital. J Evol Med Dent Sc12015; 4(58): 10049-10055.

[16]Hasbun R, Bijlsma M, Brouwer MC, Khoury N, Hadi CM, Van der
Ende A, et al. Risk score for identifying adults with CSF pleocytosis
and negative CSF gram stain at low risk for an urgent treatable cause. J
Infect 2013; 67(2): 102-110.

[17]Freedman SB, Marrocco A, Pirie J, Dick PT. Predictors of bacterial
meningitis in the era after Haemophilus influenzae. Arch Pediatr Adolesc
Med 2001; 155(12): 1301-1306.

[18]Julian-Jiménez A, Morales-Casado MI. Usefulness of blood and
cerebrospinal fluid laboratory testing to predict bacterial meningitis in

the emergency department. Neurologia (Engl Ed) 2019; 34(2): 105-113.



