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Pentraxin-3 in central nervous system infections: A promising but limited biomarker?
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Abstract

Central nervous system (CNS) infections lead to high morbidity and mortalitty rates, so there is a need for rapid and reliable biomarkers in
diagnosis. The aim of this study was to determine the diagnostic value of Pentraxin-3 (PTX3) levels in CNS infections and to compare these with
classic parameters. The study included 42 adult patients diagnosed with CNS infection between July 2020 and August 2021. The cerebral spinal
fluid (CSF) and serum PTX3 levels were measured with the ELISA method. The findings were compared with clinical and laboratory parameters.
The diagnostic performance was evaluated with ROC curve analysis. Bacterial meningitis was diagnosed in 39.0% of the patients, viral
encephalitis in 51.2%, tuberculous meningitis in 7.3%, and fungal meningitis in 2.4%. The mortality rate was determined to be 43.9%. The CSF
PTX3 levels were found to be higher in the bacterial cases, but with no significant difference between the serum and CSF PTX3 levels (p=0.327).
A negative correlation was determined between CSF PTX3 and the Glasgow Coma Score, and a positive correlation between CSF PTX3 and the
CSF protein level. In the ROC analyses, the strongest parameters for differentiation of bacterial and aseptic meningitis were seen to be CSF cell
count (AUC: 0.888) and PMN percentage (AUC:0.882, while CSF PTX3 (AUC:0.586) and serum PTX3 (AUC:0.561) had the lowest
differentiating power. PTX3 can be measured in CNS infections and higher levels are seen in bacterial meningitis cases. However, according to
the ROC analysis results the diagnostic power is limited and these parameters lag behind classic CSF parameters. Therefore, PTX3 alone is not
sufficient, but when combined with other biomarkers it can contribute to the clinical diagnostic process. The specific contribution of this study is
that by evaluating both CSF and serum PTX3 levels simultaneously a relationship was determined between local and systemic inflammation.
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1. Introduction

Central nervous system (CNS) infections are a significant
cause of morbidity and mortality throughout the world,
especially in low and middle-income countries. According to
2016 data, encephalitis led to 103,000 deaths and 670.4 million
Disability Adjusted Living Years (DALY), and meningitis led
to 318,000 deaths and 21.9 million DALY (1). Early diagnosis
and treatment are of critical importance in respect of increasing
survival and preventing the development of sequelae.

The diagnosis of CNS infections is usually made from
clinical findings and cerebral spinal fluid (CSF) analysis.
Although culture, polymerase chain reaction (PCR), and
biochemical analyses are valuable in diagnosis, they are not
always sufficient (2). Therefore, various biomarkers have
come to prominence in recent years with the aim of increasing
sensitivity and specificity. From acute phase reactants, the
markers most frequently used for this purpose include C-
reactive protein (CRP) and procalcitonin (PCT) (3).
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Pentraxin-3 (PTX3), belonging to the long pentraxin
family, is an important effector molecule of the innate immune
system. Although not found in the CNS under normal
conditions, it is synthesised locally following stimulation of
proinflammatory cytokines and microbials. The primary
production sources are monocytes, macrophages, dendritic
cells, endothelial cells, and glial cells in neural tissue. These
properties make PTX3 a rapidly elevating biomarker in the
early stages of inflammatory response (4, 5). In recent years,
CSF PTX3 levels have beeen shown to be associated with
various neurological diseases. It has been reported that PTX3
levels are increased in subarachnoid hemorrhage, ischaemic
stroke, traumatic brain injury, epilepsy, multiple sclerosis, and
Parkinson’s disease (6). However, there are few studies that
have investigated an increase in PTX3 in CNS infections. The
available data have shown that CSF PTX3 levels are
significantly higher in bacterial meningitis cases than in aseptic
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meningitis cases (7). Some research has also shown that CSF
PTX3 levels could be correlated with disease severity,
symptom duration, length of stay in hospital and classic
inflammatory markers such as CRP (8).

In this context, PTX3 has emerged as a potential biomarker
for both the differentiation of bacterial/aseptic meningitis and
for understanding the pathophysiology of CNS infections (9).

A specific aspect of this study is the simultaneous
evaluation of both CSF and serum PTX3 levels in patients with
CNS infection. The data available in literature related to PTX3
have mostly focused on plasma levels or a limited number of
CSF measurements and there are very few studies that have
compared the two parameters. As this study was conducted
during the COVID-19 pandemic, it also presents a different
perspective in terms of difficulties in patient management and
mortality rates. Therefore, the results obtained in this study can
be considered to make a specific contribution to the literature
by not only determining the diagnostic value of PTX3 but also
by revealing the potential relationship between disease severity
and mortality.

2. Material and Method

2.1. Patients and Samples

Study Group

This study included 41 patients, aged 18-65 years, who
presented at Hatay Mustafa Kemal University, Health Practice
and Research Hospital between July 2020 and August 2021,
and had a confirmed diagnosis of CNS infection. At the
beginning of the study it was aimed to have a sample size of 50
patients and 50 healthy control subjects, but because of the
COVID-19 pandemic, these numbers could not be reached and
so a control group was not included in the study.

Study Exclusion Criteria

Cases with the following characteristics were excluded from
the study:

e Age <18 years

e The presence of neurological diseases that can mimic CNS
infection (eg. autoimmune encephalitis, multiple sclerosis,
vasculitis)

e The presence of systemic inflammatory or autoimmune
diseases (eg. systemic lupus erythematosus, rheumatoid
arthritis) which could affect PTX3 levels independently of
CNS infection

e A confirmed infection with a focus other than the CNS
determined during presentation

e Incomplete clinical or laboratory data, which would be
required for the analyses

e Those with incomplete medical records or whose data were
not available for ethical reasons
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2.2. Definitions

o Acute bacterial meningitis: The isolation of bacteria from
CSF with culture and/or molecular methods or the
determination of features consistent with bacterial infection in
CSF analysis (CSF cell count >250 cells/mm?, >60%
polymorphonuclear cell predominance and low CSF/serum
glucose ratio).

o Aseptic meningoencephalitis: Cases with no production in
culture and no agent seen in gram staining despite an increase
determined in cell count in CSF. In this case, viruses,
microbacteria, fungi, and parasites may play a role as the
agent. Diagnosis is confirmed with molecular amplification
and/or serological tests.

2.3. Collection and Storage of CSF and Blood Samples

® Blood Samples: An 8mL venous blood sample was collected
from each patient into yellow-capped biochemistry tubes with
gel. After leaving the samples for 20 mins for clotting, they
were centrifuged at 4000 rpm for 10 mins. Supernatants were
separated into Eppendorf tubes and stored at -80°C until the
day of assay.

o CSF Samples: The CSF samples obtained with lumbar
punction were placed in biochemistry tubes. In the same way
as for the blood samples supernatants were separated by
centrifuging at 4000 rpm for 10 mins and the samples were
then stored at -80°C.

2.4. Measurement of CSF and Serum Pentraxin-3
The PTX3 levels were measured using a commercial kit and

the Sandwich ELISA method (FineTest PTX-3 ELISA Kit,
Cat. No: EHO0263). Optic density was determined with
spectrophotometry at 450nm wavelength. Concentrations were
determined with a 4P-logistic calibration curve. The analysis
range was 0.313-20 ng/mL, sensitivity: 0.188 ng/mL,
precision: intra-assay CV<8%, inter-assay CV:<10%. The CSF
samples were examined at 1/10 dilution and the results were
stated as ng/mL units.

2.5. Statistical Analysis
Data obtained in the study were analyzed statistically using

SPSS vn. 22.0 software (IBM Corp., Armonk, NY, USA).
Conformity of cotinuous variables to normal distribution was
examined with the Kolmogorov-Smirnov test. When data were
not normally distributed, non-parametric methods were used.
Descriptive statistcs were stated as mean =+ standard deviation
or median (minimumm-maximum) values for continuous
variables and as number (n) and percentage (%) for categorical
variables. In comparisons between the groups, the Mann-
Whitney U -test was used, and in multiple group comparisons,
the Kruskal-Wallis test. Categorical variables were evaluated
with the Chi-square or Fisher’s Exact test. Relationships
between the variables were examined with Spearman
and correlation coefficients were
interpreted as weak:0.00-0.24, moderate:0.25-0.49,
strong:0.50-0.74, and very strong: 0.75-1.00.

correlation analysis
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Receiver Operating Characteristic (ROC) curve analysis
was performed to evaluate diagnostic performance and the
Area Under Curve (AUC) values were compared. A value of
p<0.05 was accepted as statistically significant in all the
analyses.

3. Results

Evaluation was made of a total of 41 patients diagnosed with
CNS infection, comprising 27 (65.9%) females and 14 (34.1%)
males with a mean age of 49.3+19.1 years (range, 17-84 years).
Acute bacterial meningitis was diagnosed in 16 patients
(39.0%), viral encephalitis in 21 (51.2%), tuberculous
meningitis in 3 (7.3%), and fungal meningitis in 1 (2.4%). The
overall mortality rate was determined to be 43.9% (n=18) and
sequelae were observed in 22.0% of the surviving patients.
Antibiotic use was recorded in 19.5% of the patients and
findings of fever were determined in 29.3%.

Production was determined in 12 patients with bacterial
infection [Acinetobacter spp (5)., S. Epidermidis (3),
Pseudomonas spp. (1), S. Maltophilia (1), S. Pneumoniae (1),
ESBL+ E. Coli (1)], and viral infection was diagnosed with
molecular or serological tests in the patients with
meningoencephalitis. In the single patient with fungal
infection, Cryptococcus neoformans production was
determined. In the single patient with tuberculous infection,
mycobacterium avium complex production was obtained with
the BACTEC 460TB fluid culture system.The clinical
characteristics of the patients included in the study are
presented in Table 1.

Table 1. Clinical characteristics of the patients

Patients (n = 41)

Antibiotic use prior to admission (n, %)
Yes 8 (19.5)
No 33 (80.5)

Glas_gow C_oma Scale score, 14 (6-15)

median (min—max)

Body temperature, °C,

median (min—max) LGSE D)

Fever (>37 °C), n (%) 12 (29.7)
Final diagnosis, n (%)
Viral encephalitis 21 (51.2)
Acute bacterial meningitis 16 (39.0)
Fungal meningitis 124
Tuberculous meningitis 3(7.3)
Etiological classification, n (%)
Aseptic meningoencephalitis 25 (60.9)
Bacterial meningitis 16 (39.1)
In-hospital mortality, n (%)
Survival 23 (56.1)
Exitus 18 (43.9)
Clinical outcome, n (%)
Sequela 9 (22.0)
No sequela 14 (34.1)
Exitus 18 (43.9)

n:Number, Mean:Average, SD:Standard Deviation. Notes: Exitus refers to
death occurring during the index hospitalization.

In the evaluation of the CSF parameters, the CSF cell count
and polymorphonuclear (PMN) percentage were determined to
be significantly high in the bacterial meningitis group
(p<0.001). The CSF protein levels were significantly high in
the bacterial group (p=0.041). The CSF glucose levels were
observed to be lower in the bacterial group but not at a
statistically significant level (p=0.124). No significant
difference was seen between the groups in respect of the CSF
PTX3 levels (p=0.371). The comparisons of the CSF
parameters of the patients in the study are presented in Table
2.

When the blood parameters were examined, the WBC,
CRP, and PCT levels showed a tendency to be higher in the
bacterial meningitis group, with a significant difference
determined only in the CRP levels (p=0.036). No significant
difference in the serum PTX levels was observed between the
groups (p=0.041). The blood parameters of the patients are
shown in Table 3.

In the comparisons of the serum and CSF PTX3 levels, the
CSF PTX3 values were found to be higher [CSF PTX3 median
(min—max): 10.11(0.34-171.0) ng/mL; serum PTX3: 0.41
(0.27-6.48) ng/mL]. This difference was not statistically
significant (p=0.327). The detailed comparison is shown in
Fig. 1.

Serum and CSF PTX3 Levels (ng/mL)

102}

101k

PTX3 (ng/mL)

100}

Serum PTX3 CSF PTX3

Fig. 1. Comparisons of the Serum and CSF PTX3 levels

The serum and CSF PTX3 levels of the patients according
to clinical characteristics are shown in Table 4. No statistically
significant difference was determined between the serum
PTX3 and CSF PTX3 levels in respect of mortality and the
development of sequelae (p>0.05).

The data related to relationships between the CSF PTX3
levels and the clinical characteristics, CSF, and blood
parameters are presented in Table 5. A moderate-level negative
correlation was determined between CSF PTX3 levels and the
Glasgow Coma Score (r=-0.354, p=0.023). A moderate-level
positive correlation was determined between CSF PTX3 levels
and CSF protein levels (r=0.322, p=0.040). No significant
relationships were found between the other parameters.
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Table 2. CSF and blood parameters (Median, Min-Max)

. " N . 4

CSF cell count

(cells/mm?) 400 (80-80,000) 224 (224-224) 15 (0-175) 0 (0-500) <0.001
PMN (%) 83.5 (20-90) 10 (10-10) 8(0-12) 0 (0-65) <0.001
Mononuclear cells (%) 16.5 (10-80) 90 (90-90) 88 (0-92) 0 (0-85) 0.153
CSF glucose (mg/dL) 50 (2-120) 6 (6-6) 58 (28-91) 67 (28-170) 0.124
CSF protein (mg/dL) 147.5 (19-419) 53 (53-53) 128 (30-142) 49 (0.5-198) 0.041
CSF PTX3 (ng/mL) 10.91 (0.40-171.00)  89.90 (89.90-89.90)  3.89 (0.40-12.91)  9.06 (0.34-133.00) 0371

Table 3. Comparisons of the blood parameters of the meningitis patients

P
Variables Bacterial Fungal Tuberculous Viral (Kruskal-
Wallis)

WBC (cells/mm?) 12,440 (4,200-48,000) 2,140 (2,140-2,140) 9,330 (6,400-9,870) 11,900 (4,590-23,000) 0.121
CRP (mg/L) 94.0 (4.0-261.0) 3.0 (3.0-3.0) 13.0 (3.0-121.0) 39.0 (3.0-160.0) 0.036
Procalcitonin (ng/mL) 0.14 (0.00-21.74) 0.24 (0.24-0.24) 0.00 (0.00-0.01) 0.06 (0.00-1.88) 0.122
Serum PTX3 (ng/mL) 0.53 (0.32-6.48) 0.40 (0.40-0.40) 0.32 (0.31-0.32) 0.40 (0.274.78) 0.041
WBC, white blood cell count; CRP, C-reactive protein; PTX3, pentraxin-3
Table 4. PTX3 levels according to clinical characteristics of patients
Variables Serum PTX3 p* CSF PTX3 p*
(Median, Min-Max) (Median, Min-Max)
Survival (n=23) 0.41 (0.31-3.63) 6.34 (0.34-119.47)
Mortality 0.321 0.085
Exitus (n=18) 0.46 (0.27-6.48) 11.25 (0.34-171.00)
Yes (n=9) 0.41 (0.31-1.26) 6.34 (0.40-45.78)
Sequela 0.744 0.896
No (n=13) 0.44 (0.32-3.63) 1.51 (0.34-119.47)

n: Number, Min: Minimum, Max: Maximum, *Mann-Whitney U Test

In the ROC analysis performed to determine diagnostic
performance, the CSF cell count (AUC: 0.888) and the PMN
percentage (AUC: 0.882) were found to be the strongest
parameters in the differentiation of bacterial and aseptic
meningitis. CSF protein (AUC:0.746) and CSF glucose (AUC:

0.693) were found to have differentiating power at a moderate — s sy
level. Of the serum parameters, CRP (AUC:0.638) showed GCS score -0.354 0.023*
limited performance, and the serum and CSF PTX3 levels were Fever 0.092 0.567
found to be low in terms of differentiating power (AUC: 0.561 Cells/mm? 0.270 0.087
and 0.586, respectively). The differentiating power of WBC Gl (mg/dL) T N
o . m -0. .
was not significant (AUC: 0.490) (Fig. 2). P
Protein (mg/dL) 0.322 0.040
ROC Curve for CSF and Serum PTX3
(Bacterial vs Aseptic Meningoencephalits) PMN (%) 0.269 0.089
10T — CSF PTX3 (AUC = 0.40) Mononuclear Cells (%) 0.181 0.256
Serum PTX3 (AUC = 06)
0.8 e R WBC -0.038 0.814
o6k CRP 0.028 0.862
Procalcitonin 0.110 0.492
0.4}
. Serum Pentraxin-3 0.020 0.903
02y ,/" GCS: Glasgow Coma Scale score, PMN: Polymorphonuclear Leukocyte,
e N 4 WBC: White Blood Cell, CRP: C-Reactive Protein, Test: Spearman

0.0 o
(,,

02} < .

Table 5. Relationship between CSF pentraxin-3 levels and clinical,

CSF and blood parameters

Variables

CSF PTX-3

correlation analysis, r: Spearman correlation coefficient, *p<0.05

4. Discussion

L L L L L L L
0.0 0.2 0.4 0.4 0.6 0.8 0.8 1.0

Central nervous system (CNS) infections continue to be a
1 - Specificity (False Positive Rate)

serious health problem because of diagnostic difficulties and
high morbidity and mortality rates. In this study, the CSF and
serum PTX3 levels were evaluated together and were

Fig. 2. ROC curve analysis of the CSF and serum PTX3 levels

391



Cirkin Doruk et al. / J Exp Clin Med

compared with classic biomarkers with the aim of determining
diagnostic value.

The demographic data of the patients in this study showed
a general similarity to that of patient groups with CNS infection
reported in the literature. However, the mortality rate (43.9%)
was higher than expected. The most important reasons for this
can be said to be that the study was conducted during the
COVID-19 pandemic, the patient group had a severe clinical
course, there was widespread use of immunnomodulator
treatments, and there was restricted intensive care unit
capacity. All of these factors could have had a negative effect
on the mortality rate.

Experimental and clinical data have shown that PTX3
expression is not seen in the brain under normal conditions, but
it is seen to have been produced by glial and endothelial cells
after traumatic, vascular, or infectious stimuli (9). Previous
studies have reported that CSF PTX3 levels are significantly
higher in bacterial meningitis cases compared to cases of viral
and aseptic meningitis (7, 8, 10). The current study results are
consistent with those findings as CSF PTX3 levels were seen
to be higher in bacterial cases.

The CSF PTX3 levels in the current study were determined
to be negatively correlated with the Glasgow Coma Score and
positively correlated with the CSF protein level. This suggests
that PTX3 is not only diagnostic but may also be a marker
reflecting disease severity. However, in the ROC analyses CSF
PTX3 (AUC=0.586) and serum PTX3 (AUC=0.561) were
found to have limited differentiating power, and lagged far
behind the classic parameters of CSF cell count and PMN
percentage. This demonstrates that PTX3 alone is not a reliable
biomarker.

PTX3 has come to prominence as an assistive marker that
could contribute to the diagnostic process when combined with
biomarkers such as CRP and procalcitonin, when CSF findings
are indeterminate or in conditions where classic parameters are
not sufficient. In addition, that serum PTX3 levels were higher
in bacterial cases shows that it could be included in the
diagnostic process of the systemic inflammatory response. It
has also been reported that PTX3 levels in sepsis patients are
correlated with mortality (11).

The findings of the current study demonstrate that PTX3
can be measured in CNS infections and the fact that higher
levels were observed in bacterial cases could be associated
with disease severity. However, according to the ROC analysis
results, the diagnostic value of PTX3 alone is low. Therefore,
it can be concluded that PTX3 is an assistive parameter that can
contribute to diagnostic algorithms when evaluated together
with established biomarkers.

There were some limitations to this study, primarily that the
planned number of patients could not be reached because of the
COVID-19 pandemic, and therefore the study was limited to
only 41 patients. The very low number of cases in the

subgroups such as tuberculous and fungal meningitis
weakened the statistical power of outcomes related to these
groups.

The most important limitation of the study was the lack of
a control group. This meant that there could be no comparisons
of the CSF and serum PTX3 levels with the values of the
normal healthy population and severely restricted the
interpretation of the results obtained. As there was no control
group, reference ranges for PTX3 could not be determined and
therefore the diagnostic power of the biomarkers could not be
fully established.

In addition, the fact that the study was conducted in a single
centre limits the generalisability of the results. Only biomarker
levels obtained in the acute period were evaluated and the
relationship between PTX3 and the long-term prognosis could
not be investigated. There is a need for further multicentre,
prospective studies with larger samples and including a control
group to be able to more clearly reveal the potential for clinical
use of PTX3.

This research is one of the very few studies to have
evaluated both CSF and serum PTX3 levels together in patients
with CNS infection. The data obtained showed higher PTX3
levels in bacterial meningitis and these were correlated with
parameters reflecting disease severity.

However, in the results of the ROC analysis, CSF PTX3
(AUC=0.586) and serum PTX3 (AUC=0.561) were found to
have limited diagnostic power, and CSF cell count (AUC=
0.888) and PMN percentage (AUC=0.882) emerged as much
stronger markers. This finding shows that PTX3 alone is not a
reliable diagnostic test but could have clinical value within a
combined biomarker approach.

A specific contribution of this study was the comparison of
local and systemic inflammation by simultaneously measuring
the CSF and serum levels of PTX3. This approach shows that
PTX3 should not be used alone, but in combination with classic
biomarkers such as CRP and procalcitonin it can be integrated
into the diagnostic algorithms for CNS infections.
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