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Abstract

Background The cerebrospinal fluid neutrophil-to-lymphocyte ratio (CSF NLR) as a diagnostic biomarker of bacterial men-
ingitis has been reported in adult trials. The aim of this study was to evaluate the CSF NLR as a diagnostic biomarker of
bacterial meningitis in children and to define an optimal CSF NLR concentration.

Methods We performed a retrospective cohort study of children with clinical findings compatible with meningitis. CSF
NLR was calculated as the ratio of neutrophil count to lymphocyte count in cerebrospinal fluid (CSF). Initial data included
clinical, radiological, and laboratory diagnostics.

Results We determined CSF parameters from children with infectious meningitis (n =348) and subdivided them into bacte-
rial meningitis (n=112) and viral meningitis (n=236). CSF NLR was significantly higher in bacterial meningitis than in
viral meningitis (P <0.001), and its level was higher in Gram-negative bacterial infections than in Gram-positive bacterial
infections (P =0.01). In the receiver operating characteristic curve analysis, CSF NLR was better than CSF protein/sugar/
WBC in the ability to distinguish bacterial meningitis from viral meningitis (AUC 0.91 +0.02 versus 0.88 +0.03/0.87 +
0.03/0.86 4+ 0.03), and using a cutoff point of 0.68, the sensitivity was 0.90, and the specificity was 0.75. Compared with
Gram-positive infection, CSF NLR with Gram-negative infection was higher (media, IQR (1.18 (0.19-2.33) versus 3.90
(1.50-8.91), P=0.01).

Conclusion CSF NLR is a more useful diagnostic tool to distinguish between bacterial meningitis and viral meningitis in
children. While at a cutoff value of 0.68, CSF NLR has better sensitivity and specificity for bacterial meningitis, and the
higher level of CSF NLR could be related to Gram-negative bacterial infection.
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countries with poor medical infrastructure, rapid diagnosis
is normally carried out via clinical symptoms and CSF con-
ventional markers, such as leukocyte counts, protein, sugar,
and Gram staining. Specifically, the increase in CSF white
blood cell count has shown the predictive ability for BM, but
the study found that its sensitivity was low in patients with
comorbidities or atypical pathogens as causative agents [5].
Moreover, CSF protein and sugar would easily be regulated
and controlled by the external environment so that it cannot
be a simple maker to differentiate different central nervous
system infections [6].

One Dutch study suggested that neutrophil-to-lymphocyte
ratio (NLR) in peripheral blood may be a good biomarker
that can differentiate between different types of infection [7]
and can also predict the outcome of infection [8]. Similarly,
in a study of acute meningitis, Mentis et al. found that the
NLR tended to be higher in patients with bacterial infection
than those with a viral infection, and the discrimination abil-
ity of NLR was significantly higher in CSF than in blood [9].
However, there are rare studies on CSF NLR of infectious
meningitis in children, and more thorough studies need to be
conducted. The aim of this study was to investigate whether
the CSF NLR could be more useful to differentiate between
children with meningitis due to bacterial infection and those
with meningitis due to viral infectious causes and whether
the causes of bacterial infections made any difference.

Patients and methods
Study design, setting, and participants

This retrospective observational study was conducted based
on the cases at the Department of Pediatrics, Qilu Hospi-
tal, Shandong University. The time period ranges from
June 1, 2014, to December 31, 2020. The data from clini-
cal, radiological, and laboratory diagnostics were collected
consecutively from children older than 1 month of age with
the clinical diagnosis of infectious meningitis. This study
has received approval from Shandong Qilu Hospital Ethics
Committee (project number: KYLL-2017(KS)-621). All eli-
gible children were taken blood samples and cerebrospinal
fluid examination. In our institution, the diagnosis of infec-
tious meningitis was based on the following article (Defini-
tion of Infectious Meningitis). BM patients were divided into
three groups (group 1: cases in 1 month—4 years old; group
2: cases in 4—6 years old; group 3: cases in 6—16 years)
according to the double scissors of leukocyte classifica-
tion (first crossing time: 4—6 days; second crossing time:
4-6 years). We excluded children treated with antibiotics for
more than 72 h at lumbar puncture or vein puncture, those
with a history of medical therapy affecting leukocyte count-
ing or leukocyte function, and those with connective tissue
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disorders (e.g., juvenile rheumatoid arthritis and systemic
lupus erythematosus) or hematologic diseases complicated
by encephalitis.

Definition of infectious meningitis

The diagnosis of infectious meningitis was based on the chil-
dren’s histories, a positive CSF or blood culture, and the
presence of some or all of the following clinical signs and
symptoms, such as fever, nuchal rigidity, headache, convul-
sion, impaired consciousness sign, etc. The diagnoses of BM
was referred to the guidelines of the European Society of
Clinical Microbiology and Infectious Diseases (ESCMID):
with any of (1) positive CSF or blood culture; (2) positive
Gram-staining; (3) CSF total leukocyte counts > 1000/mm?,
as well as any of the following additions: (1) CSF neutro-
phil > 1/mm?, (2) CSF sugar < 50% of serum sugar, (3) CSF
protein > 50 mg/dL [10]. The diagnostic of VM meets with
at least one of the rules listed as follows: (1) the detection
positive of viral ribonucleic acid (RNA) or deoxyribonucleic
acid (DNA) with PCR in the CSF or serology; (2) CSF pleo-
cytosis (< 1000/mm?) with any of the following: predomi-
nant lymphocytic pleocytosis, CSF sugar > 60% of blood
sugar or CSF protein 50-250 mg/dL [11].

Study procedures

We collected demographics, such as age, sex, clinical symp-
toms and signs, and other general information. CSF was
obtained on admission and/or within 24—72 h again, rang-
ing from patients with suspected initial diagnosis meningitis
to the collection of each specimen type. CSF was analyzed
regarding leukocyte cell count, NLR, levels of protein, glu-
cose, and lactate. All assays were done in strict accordance
with the manufacturers’ instructions.

Statistical analysis

Descriptive data are presented as mean + standard devia-
tion (SD) or median with interquartile ranges (IQR). We
use 7-test or Mann—Whitney U tests for group comparisons
of continuous variables, using chi-square test for categorical
variables and using the Kruskal-Wallis test with Bonfer-
roni correction for multiple comparisons. Receiver opera-
tor characteristic (ROC) curves and areas under the curve
(AUC) were constructed to determine the optimal cutoff
values as well as the sensitivity and specificity of blood and
CSF parameters. The data was analyzed by SPSS 22.0, and
it was regarded as statistically significant when the P-value
was less than 0.05.
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Results

Sociodemographic, clinical symptoms, neuroimaging, and
routine laboratory parameters are summarized in Table 1.
Among 348 children patient cases with clinical findings
compatible with meningitis, 112 (32.2%) of which were
diagnosed with BM and 236 (67.8%) of which were with
VM. Children with BM that had a median age of 1.7 (0.1-5)
years old, were younger compared with VM (with a median
age of 5.3 years old, ranging from 0.4 to 10.1). The two
groups were statistically significant (P=0.001). The 112

BM samples were divided into three subgroups by age,
namely 1 month to 4 years old group, 4 to 6 years old group,
and 6 to 16 years old group. CSF NLR average was 4.4+ 1.5,
3.2+1.6, and 6.4+ 1.2, respectively. There was no signifi-
cant difference among the three groups. The age distribu-
tion of the BM group centralized from infancy, including
80 cases (71.4%) children under the age of 2 years old. Over
3 years old children mostly have susceptible factors: five
cases have a history of craniocerebral trauma, three cases
secondary to tympanitis, one case with cutaneous fistula,
and one case with a cleft palate.

Table 1 Demographics, clinical

R Total (n=348) BM (n=112) VM (rn=236) P-Value
symptoms, neuroimaging,
blood, and cerebrospinal fluid Age (years; median, IQR) 3.6 (0.3-6) 1.7 (0.1-5) 5.3 (0.4-10.1) 0.001
Ezzi‘:r‘f;ffngfvcii‘;}drfé‘nxgﬁis Male (n, %) 206 (59.2) 63 (56.3) 143 (60.6) 0.48
Clinical symptoms
Fever (n, %) 328 (94.3) 102 (91.1) 226 (95.8) 0.08
Nuchal rigidity (n, %) 236 (67.8) 78(69.6) 158 (66.9) 0.71
Vomiting (n, %) 198 (56.9) 70 (62.5) 128 (54.2) 0.15
Brudzinski’s, n (%) 84 (24.1) 30 (26.8) 54 (22.9) 0.42
Convulsion (n, %) 88 (25.3) 38 (33.9) 50 (21.2) 0.011
Consciousness disorder (n, %) 27 (7.8) 15 (13.4) 12 (5.1) 0.007
Neuroimaging
Neuroimaging performed (n, %) 315 (90.5) 104 (92.9) 211 (89.4) 0.30
Brain lesions in children with 84 (26.7) 73 (70.2) 11(5.2) <0.001
imaging (n, %)
Blood parameter
White blood cell count (x 10%/L) <0.001
Median, IQR 8.5 (6.6-12.7) 13.9 (9.1-20.7) 7.9 (6.4-10.9)
Mean (SD) 9.6+04 150+1.0 8.9+0.3
C-reactive protein (mg/L) <0.001
Median, IQR 7.9 (1.7-48.3) 17.8 (3.5-92.6)  4.5(1.3-24.2)
Mean (SD) 8.7+0.6 15.6+1.9 6.1+0.9
Cerebrospinal fluid parameter
White blood cells (x 10°/L) <0.001
Median, IQR 106 (16-404) 484 (280-1570) 34 (6-162)
Mean (SD) 844+214 1848 +502 133+17
Neutrophil to lymphocyte ratio <0.001
Median, IQR 0.2 (0.04-1.4) 1.3 (0.25-3.7) 0.06 (0.03-0.2)
Mean (SD) 2.1+0.4 42+1.1 0.3+0.1
Protein (g/L) <0.001
Median, IQR 0.24 (0.16-0.6) 1.2 (0.5-2.3) 0.2 (0.14-0.26)
Mean (SD) 0.7+0.07 1.6+0.2 0.3+0.03
Glucose (mmol/L) <0.001
Median, IQR 3.0(2.7-3.7) 1.9 (1.2-2.5) 3.5(3.0-3.9)
Mean (SD) 3.0+0.08 1.9+0.1 3.5+0.05
Lactate (mmol/L) <0.001
Median, IQR 2.0(1.5-2.2) 3.1 (2.0-5.8) 1.8 (1.4-2.1)
Mean (SD) 2.1+0.1 3.6+0.5 1.8+0.04

IQR interquartile range, SD standard deviation, VM viral meningitis, BM bacterial meningitis
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Table 2 Infectious pathogens detected in positive samples

Bacteria

Virus

Streptococcus pneumonia (10)
Escherichia coli (7)
Meningitides Neisseria (5)
Enterococcus faecium (2)
Streptococcus agalactiae (2)
Staphylococcus auratus (2)
Listeria monocytogenes (2)
Pseudomonas (2)
Staphylococcus hominis (1)
Hemophilus parainfluenzae (1)
Streptococcus viridans (1)
Streptococcus haemolyticus (1)
Staphylococcus epidermis (1)
Pseudomonas acidovorans (1)
Salmonella dublin (1)

39 (34.8%)

Enterovirus (50)

Herpes simplex 1 and 2 (8)
Varicella zoster (5)

Human herpesvirus 6 (3)
Epstein—Barr virus (3)
Mumps virus (2)
Cytomegalovirus 5 (2)

Influenza viruses (2)

75(31.8%)

The main clinical manifestations in children with menin-
gitis were fever (94.3%) followed by nuchal rigidity (67.8%),
vomiting (56.9%), and Brudzinski’s (24.1%). No statistical
difference for the above mentioned indications has been
shown in the two groups (P> 0.05). And the occurrence of
convulsion and consciousness disorder was especially higher
in the BM group compared with the VM group (P <0.05).

Neuroimaging was performed on 90.5% (315/348)
patients, noting brain lesions on imaging studies in 70.2%
(73/104) BM samples, shown as single or double lateral

subdural effusion, hydrocephalus, the white matter loss and
softening, or ventricle enlargement. VM samples exhibited
brain lesions on imaging studies was only 5.2% (11/211),
which was obviously lower than BM (P <0.001).

The identified infectious pathogens were seen in 114
of 348 patients (Table 2). The etiology was confirmed by
Gram-staining, bacterial culture, and/or polymerase chain
reaction (PCR) in 39 (34.8%) patients with BM: Strepto-
coccus pneumoniae (10), Escherichia coli (7), Meningitides
Neisseria (5), and others (17). Among the 236 children with
VM, 75 (31.8%) patients were identified positive through
PCR. The most frequent causative microorganism was enter-
ovirus (50), followed by herpes simplex 1 and 2 (8), and
varicella zoster (5).

Figure 1 shows the diagnostic efficiency of blood and
CSF parameters. Receiver operating curve analysis for NLR
and protein in CSF were most notable. The area under the
curve corresponded to CSF NLR 0.91 (95% confidence
interval (CI) 0.87-0.95) versus CSF protein/sugar/WBC
0.88 (95% confidence interval (CI) 0.83-0.94)/0.87 (95%
confidence interval (CI) 0.80-0.93)/0.86 (95% confidence
interval (CI) 0.81-0.92). Using a cutoff point of 0.68 for
CSF NLR, the sensitivity was 0.90, the specificity was 0.75.

CSF NLR levels between both groups (BM with and
without identified infectious pathogens) were similar (1.50
(0.35-2.53) versus 1.11 (0.25-3.45), P=0.44). There was
a significant increase in CSF NLR in children with Gram-
negative infection when compared to Gram-positive infec-
tion (media, IQR (1.18 (0.19-2.33) versus 3.90 (1.50-8.91),
P=0.01). There was no significant correlation between
Gram-positive infection group and identified infectious
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pathogens group (P =0.52) but with the Gram-negative
infection group (P=0.03) (Fig. 2).

Discussion

Bacterial meningitis is an important reason for morbidity
and mortality in children. Each year, nearly 400,000 chil-
dren lose their lives due to BM, and it is observed that in
developing countries, death incidents relating to BM are
much higher [12]. Fever (92.2%), nuchal rigidity (67.8%),
headache (39.7%), convulsion (24.1%), and consciousness
disorder (7.8%) are the typical clinical manifestations in
this cohort, and one or more of these signs and symptoms
are commonly absent. In this study, BM children are more
prone to have convulsion and consciousness disorder, but
other clinical symptoms have no significant difference.
Therefore, it is very hard to distinguish between BM
and VM if only judge by clinical manifestation. Sec-
ond, obtaining neuroimaging in time can be challenging
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Due to time delay of transporting children suffering from
cerebritis. For these reasons, there is usually a need for
tests that are fast with a high level of specificity and sen-
sitivity and that can be used in early diagnosis.
Regarding BM diagnosis, positive CSF culture or positive
Gram staining, which is accepted as the golden standard, can-
not be obtained for all patients, and besides, the results can
be obtained only after 24—72 h [13]. In the present study, the
global positive rate of the bacteria was 34.8%, and the most
prevalent infectious pathogen detected was Streptococcus
pneumonia. Infectious pathogens in our cohort are similar to
those reported in several other studies regarding BM [14].
Even though there are new markers emerging from various
studies, CSF conventional markers are still considered the
acute phase reactant, which is mostly used [15]. Our study
identified CSF conventional markers are simple, quick, and
cheaper compared with other biomarkers and have a good per-
formance for diagnosis BM. Studies in adults have indicated
that adding CSF NLR to routine CSF examination is better in
estimating the chance of BM in a very limited time [9].
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NLR is a novel marker of inflammation, and it has been
demonstrated regarding its ability to distinguish bacterial
and viral infection. The mechanism of the increase in NLR
of patients with meningitis is not clear, but it has been linked
with the innate (i.e., neutrophils) and adaptive (i.e., lympho-
cytes) immune responses in the body [16]. The present study
shows that CSF NLR values were much higher in BM. For
children with low CSF NLR, VM was more likely to occur.
In the comparison between BM and VM, the AUC of CSF
NLR value was 0.91. At a cutoff value of 0.68, the sensi-
tivity was 0.90, and the specificity was 0.75. These results
indicate that the CSF NLR may be helpful in the differential
diagnosis of children with infectious meningitis and also in
deciding which children should be considered for antibiotic
therapy. However, Mentis et al. found the CSF NLR value
was significantly more discriminatory for patients aged over
14 years old than those aged 0—14. They concluded that care
is required when applying diagnostic tests of CSF NLR for
meningitis in different age groups because of patient hetero-
geneity [17]. In the present study, no significant differences
were observed in CSF NLR in children of different ages.
Since BM was commonly found in children under 2 years
old, children of 4-6 years old and above 6 years old was a
small part of the BM group and has little influence on the
results. Furthermore, all cases were unhealthy children, and
CSF NLR of diseases was not correlated with age.

Finally, our results indicate that patients with Gram-
negative infection had significantly higher NLR compared to
patients with Gram-positive infection. The main factor that
distinguishes Gram-negative bacteria from Gram-positive
bacteria is that the cell outer membrane contains endotoxin
or lipopolysaccharide (LPS). The shedding LPS that inter-
acts with Toll-like receptor 4 can activate the NF-xB path-
way, causing an inflammatory reaction [18]. It is widely
known that tumor necrosis factor alpha (TNF-a) and inter-
leukin 6 (IL-6) functions as the downstream factor of the
NF-«xB pathway. A study by Turkmen et al. showed the NLR
correlates with TNF-a and IL-6 concentrations [19]. How-
ever, the higher level of CSF NLR possibly being related
to Gram-negative infection need to be confirmed by other
future studies aiming to investigate in large numbers of chil-
dren BM due to the small sample size of this experiment.
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