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Abstract

0z

Objective: Acute meningitis is one of the important infectious diseases
that can result in mortality and morbidity in children despite effective
treatment and vaccination. Early diagnosis of the disease, isolation of the
causative agent, and appropriate treatment are important in preventing
the development of complications. In this study, we aimed to examine
the clinical, laboratory findings and agent distributions of patients with
acute meningitis for the last seven years. In addition, findings that may
be significant in the differentiation of bacterial-enteroviral meningitis
were investigated.

Material and Methods: Patients who underwent cerebrospinal fluid
(CSF) examination with the pre-diagnosis of acute meningitis at Selcuk
University Faculty of Medicine, Pediatric Infectious Diseases Service be-
tween September 2013 and September 2020 were evaluated retrospec-
tively. The patients who were diagnosed as other than meningitis, chron-
ic meningitis, and ventriculoperitoneal shunt meningitis were excluded
from the study.

Results: The data of 48 pediatric patients diagnosed with acute bacterial
meningitis (n= 22) and enteroviral meningitis (n= 26) out of 177 patients
who underwent CSF examination with the diagnosis of acute meningitis
were retrospectively analyzed. The mean age of the patients was 83.46
+ 62.68 months, and 79.2% of them were male. S. pneumoniae, N. menin-
gitidis, E. coli, H. influenzae type b were detected in patients with bacterial
meningitis. All patients with enterovirus meningitis were diagnosed by
CSF polymerase chain reaction (PCR). In patients with bacterial menin-
gitis, posivity of CSF PCR, CSF culture and blood culture was 86.3%, 50%,

Girig: Akut menenjit, cocuklarda etkin tedavi ve asilamaya ragmen
mortalite ve morbiditeyle sonuclanabilen énemli enfeksiyon hastalik-
larindandir. Hastaligin erken tanisi, etkenin izolasyonu ve uygun tedavi
komplikasyon gelisimini 6nlemede 6nemlidir. Bu ¢alismada yedi yilda
akut menenijit tanisi alan cocuk hastalarin klinik, laboratuvar bulgulari ve
etken dagilimlarinin incelenmesi amaclanmistir. Ayrica, bakteriyel-ente-
roviral menenjit ayriminda anlamli olabilecek bulgular arastiriimistir.

Gereg ve Yontemler: Eylul 2013-Eylil 2020 tarihleri arasinda Selguk Tip
Fakdltesi, Cocuk Enfeksiyon Hastaliklari Servisinde akut menenjit 6n ta-
nistyla beyin omurilik sivisi (BOS) incelemesi yapilan hastalar retrospek-
tif olarak degerlendirildi. Hastalardan menenijit disi tani alanlar, kronik
menenjit etkenleri saptananlar ve ventrikiloperitoneal sant menenjiti
olanlar ¢alisma disi birakildi.

Bulgular: Akut menenijit tanisiyla BOS incelemesi yapilan 177 hastadan,
akut bakteriyel menenjit (n= 22) ve enteroviral menenijit (n= 26) tani-
st alan 48 ¢ocuk hasta ileri incelemeye alindi. Hastalarin yas ortalamasi
83.46 + 62.68 ay olup %79.2'si erkekti. Bakteriyel menenijiti olan hasta-
larda etken olarak S. pneumoniae, N. meningitidis, E. coli, H. influenzae tip
b saptandi. Enterovirlis menenijiti olan hastalarin tamaminda tani, BOS
polimeraz zincir reaksiyon (PCR) testi incelemesiyle konuldu. Bakteriyel
menenijiti olan hastalarda BOS PCR testi pozitifligi %86.3, BOS kdiltiiriin-
de Ureme %50, ve kan kiltlrlinde Greme %27.3 olarak saptandi. Bakte-
riyel menenijiti olup BOS PCR testi negatif sonuglanan ti¢ hastanin kan
kalttrinde Greme oldu. Bakteriyel menenjiti olan hastalarda BOS glukoz
ve protein dlizeyleri, kanda I6kosit sayisi, C-reaktif protein (CRP) ve pro-
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and 27.3%, respectively. Although the CSF PCR of three patients with
bacterial meningitis was negative, bacterial growth was detected in the
blood culture. CSF glucose and protein levels, blood leukocyte count,
C-reactive protein (CRP) and procalcitonin levels were significantly high-
er in patients with bacterial meningitis compared to patients with en-
teroviral meningitis. A procalcitonin value of 0.855 ng/mL and above was
found in favor of bacterial meningitis (p=0.001).

Conclusion: CSF PCR test plays an important role in the diagnosis of
acute meningitis and in distinguishing between viral and bacterial men-
ingitis. Detection of enterovirus can provide allowing earlier discharges
and decreasing avoidable inappropriate antibiotic treatments.

Keywords: Meningitis, bacterial meningitis, viral meningitis, enterovirus,
children

Introduction

Meningitis is the inflammation of the meningeal mem-
branes surrounding the brain and spinal cord, and the pia,
arachnoid and subarachnoid distance is affected. Viruses are
the most common cause of acute meningitis and are respon-
sible for approximately 90% of acute meningitis cases. Entero-
viruses are the most common cause of viral meningitis. How-
ever, fungi and parasites, especially bacteria, can also cause
meningitis. The most common bacterial meningitis agents
in childhood are Streptococcus pneumoniae (S. pneumoniae),
Neisseria meningitidis (N. meningitidis) and Haemophilus influ-
enzae type b (H. influenzae type b) (1).

With the development of conjugated bacterial vaccines
and their inclusion in national vaccine schemes, the incidence
of bacterial meningitis has been significantly reduced espe-
cially in children. However, bacterial meningitis in childhood is
a serious infectious disease with high mortality and morbidity.

Therefore, early diagnosis and treatment is important. The
aim of this retrospective study was to examine the clinical,
laboratory findings and distribution of agents in pediatric pa-
tients diagnosed with acute meningitis. In addition, the eval-
uation of clinical and laboratory findings of children with bac-
terial and enteroviral meningitis, and investigation of clinical
and laboratory findings that may help in the differentiation of
bacterial and enteroviral meningitis.

Materials and Methods

This retrospective study was conducted at Selcuk Univer-
sity Faculty of Medicine between September 2013 and Sep-
tember 2020.

One hundred seventy-seven patients between the ages of
0-20 years hospitalized with a prediagnosis of acute meningi-
tis in the pediatric infectious diseases service of our hospital
were included into the study.

Patient data was received from the hospital automation
system and archive retrospectively.

kalsitonin diizeyleri, enteroviral menenjiti olan hastalara gére anlamli dii-
zeyde yuksekti. Prokalsitonin degerinin 0.855 ng/mL ve lzerinde olmasi
bakteriyel menenijit lehine bulundu (p=0.001).

Sonug: Akut menenijiti tanisinda ve viral ve bakteriyel menenjit ayrimi
yapmada BOS PCR testi 6nemli rol oynamaktadir. BOS PCR testinde en-
terovirlisiin saptanmasi hastalarin erken taburculuklarini saglamakta ve
uygunsuz antibiyotik tedavilerini azaltmaktadir.

Anahtar Kelimeler: Menenjit, bakteriyel menenjit, viral menenijit,
enteroviris, cocuklar

(The date and number of Selcuk University Local Ethics
Committee approval: 2020/82). Meningitis classification of the
patients was made according to the definitions of the World
Health Organization stated below (2).

Definite bacterial meningitis: If any of the following;

«  Positive cerebrospinal fluid (CSF) polymerase chain re-
action (PCR) test or,

«  CSF or blood culture growth or
«  Positive CSF Gram staining.

Aseptic meningitis: Pleocytosis in CSF (at least five leuko-
cytes/mm?3) in patient with symptoms of acute onset menin-
gitis and the absence of any applicable laboratory criteria for
the diagnosis of bacterial meningitis.

Aseptic meningitis is divided into two subgroups:

1) Viral meningitis: Detection of viral agent in CSF PCR
test,

2) Unspecified meningitis.

Out of 177 patients hospitalized with the diagnosis of acute
meningitis and treated and examined, 74 received a diagnosis
other than meningitis and were excluded from the study.

In addition, cases with meningitis due to factors with dif-
ferent clinical course such as tuberculosis and brucella were
also excluded.

Patients with possible bacterial meningitis were excluded
from the study. Meningitis due to other viral agents, which are
very few and may adversely affect the reliability of the study
and a special group of patients, immunodeficient patients
with ventriculoperitoneal shunt meningitis, were excluded
from the study. As a result, 48 pediatric patients with acute
bacterial or enteroviral meningitis were included in the study.
Demographic data, clinical, laboratory and imaging findings
of the patients, and the treatment they received were record-
ed and subjected to further statistical analysis.
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Statistical Analysis

Data were analyzed with IBM SPSS V23. Conformity to the
normal distribution was evaluated using the Shapiro-Wilk test.

In the comparison of normally distributed data according
to dual groups, the independent two sample t-test was used
to compare normally distributed data and

Mann-Whitney U test was used for the comparison of
non-normally distributed data. The relation between categor-
ical variables according to groups was analyzed using Yates
correction, Pearson Chi-square and Fisher’s exact test.

For bacterial meningitis, ROC analysis was used to deter-
mine the cut-off values of leukocyte, neutrophil, C-reactive
protein (CRP) and procalcitonin (PCT) values.

Analysis results were expressed as mean + standard devi-
ation for quantitative data and median (minimum-maximum)
and frequency (percentage) for categorical variables. Signifi-
cance level was set as p< 0.05.

Results

Our study included 48 pediatric patients, 38 boys and 10
girls. Median age of the patients was 72 (min-max= 2-240)
months (Table 1).

Enteroviral meningitis was found in 26 patients and bac-
terial meningitis was found in 22 patients. In terms of age
and sex, no statistically significant difference was observed
between patients with enteroviral and bacterial meningitis
(Table 1).

When the complaints of the patients were evaluated, it
was found that the most common complaints in both groups
were fever, headache and vomiting were observed, but there
was no statistically significant difference between the two
groups (Table 1).

When physical examination (PE) findings of the patients
at the time of admission were evaluated, the most common
finding was nuchal rigidity. However, in terms of admission PE
findings, no statistically significant difference was observed
between patients with bacterial and enteroviral meningitis
(Table 2).

No statistically significant difference was observed be-
tween patients with enteroviral and bacterial meningitis in
terms of antibiotic treatment prior to admission to our hospi-
tal and previous history that may be a risk factor for meningitis
trauma, smoking at home, and underlying disease (p=0.713,
p= 0.081, p= 0.183, p= 0.223, respectively). In both groups
only one patient was incompletely vaccinated and statistical
evaluation could not be made.

No statistically significant difference was observed be-
tween patients with enteroviral and bacterial meningitis in
terms of CSF pressure and appearance during LP (Table 3).

H. influenzae type b was found in one of 22 patients with
bacterial meningitis, E. coli in two, N. meningitidis in four, and
S.pneumoniae in 15 patients. In patients with bacterial menin-
gitis, CSF PCR positivity was 86.3%, growth in CSF culture was
50%, and CSF Gram staining was 27.3%. There were three pa-
tients with bacterial meningitis and negative CSF PCR test re-
sults. Two of them were E. coli meningitis and were diagnosed
only by growth in CSF culture. One of the patients was two
months old and the other was six months old. The third pa-
tient had S. pneumoniae meningitis diagnosed only by growth
in blood culture. The patient with H. influenzae type b men-
ingitis diagnosed by CSF PCR was 15 years old and had post-
traumatic meningitis. Only gram-positive cocci were observed
on Gram staining, all of which were detected in S. pneumoniae
meningitis. S. pneumonia was also detected in the PCR test
and CSF culture of all those with positive Gram staining, while
growth was observed in the blood culture of three of them.
Reproduction was detected in the blood culture of 27.3% of
the patients with bacterial meningitis, all of which belonged
to S. pneumoniae. It was observed that the most effective ex-
amination in diagnosing bacterial meningitis was CSF PCR ex-
amination (Table 3).

All patients with acute meningitis received antibiotic ther-
apy. However, in patients with bacterial meningitis, vancomy-
cin combination was needed more (p=0.009) (Table 3).

Due to the fact that there were periodical changes in the
duration of receiving results for CSF PCR and the irregularity
of the patient’s application distribution, the effect of the PCR
test could on the duration of antibiotics use could not be eval-
uated.

Antibiotic treatment of patients with enterovirus positivity
in CSF PCR treatment was discontinued.

Imaging of 25 patients in total (only CT in seven patients,
MRI only in seven patients, CT + MR in 11 patients) was made.
Eleven patients were requested first CT and then MR imaging.
MR imaging was performed at a higher rate in patients with
bacterial meningitis (p= 0.011), meningeal involvement (p=
0.038), subdural infection (p= 0.038), and intracranial bleed-
ing (p=0.038) were observed more frequently in patients with
bacterial meningitis.

While CSF glucose value was found to be lower in patients
with bacterial meningitis (p< 0.001), no difference was ob-
served between the groups in concurrent blood glucose val-
ues. CSF protein was higher in the bacterial meningitis group
(p=0.013). No significant difference was observed in CSF chlo-
ride, leukocyte, neutrophil and lymphocyte counts (Table 4).

When acute phase reactants were evaluated according
to whether they were high or not, they were found higher in
the bacterial meningitis group (p=0.010). Neutrophil count in
complete blood count was found to be higher in patients with
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Table 1. Comparison of categorical variables by groups

Bacterial meningitis | Enteroviral meningitis Total Test stat. p
(n=22) (n=26)

Sex
Male 17(77.3) 21(80.8) 38(79.2) B -
Female 5(22.7) 5(19.2) 10 (20.8)
Presenting symptoms
Fever
Yes 19 (86.4) 18 (69.2) 37.(77.1)
No 3(136) 8(3098) 11(229) 112 02857
Headache
Yes 9 (40.9) 19 (73.1) 28(58.3)
No 13 (59.1) 7(26.9) 20 (41.7) 783 00507
Vomiting
Yes 13 (59.1) 18 (69.2) 31(64.6) 0.184 0.668**
No 9 (40.9) 8(30.8) 17 (354)
Seizure
Yes 3(13.6) 1(3.8) 4(83)
No 19 (86.4) 25 (96.2) 44(917) 03207
Altered consciousness
Yes 1(4.5) 0(0) 1(.1)
No 21(95.5) 26 (100) 47 (97.9)
Focal neurological finding
Yes 2(9.1) 0(0) 2(4.2)
No 20(90.9) 26 (100) 46 (95.8)
Photofobia
No 22 (100) 26 (100) 48 (100) - —
Rash
No 22 (100) 26 (100) 48 (100) -
Predisposition to sleep
No 22 (100) 26 (100) 48 (100) - -
Unease
Yes 2(9.1) 2(7.7) 4(83)
No 20 (90.9) 24(923) 44(91.7) 1000
*Pearson Chi-square test, **Yates correction, ***Fisher’s exact test.

bacterial meningitis than in patients with enteroviral meningi-
tis (p=0.011) (Table 4).

CRP and PCT values in patients with bacterial meningitis
were found to be higher than those with enteroviral menin-
gitis (p= 0.005 and p< 0.001, respectively). No difference was
observed between groups in ESR value (Table 4).

AUC value of the PCT parameter for bacterial meningitis
was statistically significant as 0.855. (p=0.001).

When the cut-off value of PCT was taken as 0.20, sensitivity
was 82.4%, specificity was 80%, PPV was 82.4% and NPV was
obtained as 80%. Since the AUC values of the other parame-
ters were not obtained to be significant, a cut-off value was
not determined (p> 0.050) (Figure 1).
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Table 2. Comparison of physical examination findings of patients with bacterial and enteroviral meningitis

Bacterial meningitis Enteroviral meningitis Total Test stat. p
(n=22) (n=26)
Physical examination
Neck rigidity
Yes 12 (54.5) 10 (38.5) 22 (45.8)
0678 0410%*

No 10 (45.5) 16 (61.5) 26 (54.2)
Brudzinski finding
Yes 5(22.7) 5(19.2) 10 (20.8)

1.000%%
No 17 (77.3) 21(80.8) 38(79.2)
Kerning finding
Yes 6(27.3) 3(11.5) 9(18.8)

0.267***
No 16 (72.7) 23(88.5) 39(81.3)
Seizure
Yes 3(13.6) 0(0) 3(6.3)

0.089***
No 19 (86.4) 26 (100) 45(93.8)
Predisposition to sleep
Yes 1(4.5) 0(0) 1(2.1)
No 21(95.5) 26 (100) 47 (97.9)
Focal neurological finding
Yes 1(4.5) 0(0) 120
No 21(95.5) 26 (100) 47(97.9)
Photofobia
Yes 1(4.5) 0(0) 120
No 21(95.5) 26 (100) 47(97.9)
Rash
Yes 0(0) 1(3.8) 120
No 22 (100) 25(96.2) 47(97.9)
Distress
Yes 1(4.5) 2(7.7) 3(6.3)

1.000%%
No 21(95.5) 24(92.3) 45(93.8)
Fundus
Yes 3(13.6) 1(3.8) 4(83)

0.320%**
No 19 (864) 25(96.2) 44.91.7)
Shock hypotension on presentetion
No 22 (100) 26 (100) 48 (100)
Glaskow coma score
8-11 2(9.1) 0(0) 2(4.2)
12-15 20(90.9) 26 (100) 46 (95.8)

*Pearson Chi-square test, **Yates correction, ***Fisher’s exact test.
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Table 3. Comparison of CSF findings of patients with bacterial and enteroviral meningitis

Bacterial meningitis | Enteroviral meningitis Total Test stat. p
(n=22) (n=26)
Specific diagnosis
Escherichia coli meningitis 2(9.1) 0(0) 2(4.2) - -
Enteroviral meningitis 0(0) 26 (100) 26 (54.2)
Haemophilus influenzae meningitis 1(4.5) 0 (0) 1(2.1)
Neisseria meningitidis meningitis 4(18.2) 0(0) 4(8.3)
Streptococcus pneumoniae meningitis 15 (68.2) 0(0) 15(31.3)
CSF pressure
High 5(22.7) 1(3.8) 6(12.5)
Not measured 17(77.3) 25 (96.2) 42 (875) oo
CSF appearnace
Clear 20(90.9) 26 (100) 46 (95.8)
Blurred 29.1) 0(0) 2(42)
Growth in CSF culture
Escherichia coli 2(9.1) 0(0) 2(42)
Neisseria meningitidis 1(4.5) 0(0) 1(2.1)
Streptococcus pneumoniae 8(36.4) 0(0) 8(16.7) N N
No growth 11 (50) 26 (100) 37.(77.1)
BOS PCR
Enterovirus 0(0) 26 (100) 26 (54.2)
Haemophilus influenzae 1(4.5) 0(0) 1(2.1)
Neisseria meningitidis 4(18.2) 0(0) 4(8.3) a a
Streptococcus pneumoniae 14 (63.6) 0(0) 14(29.2)
Negative 3(13.6) 0(0) 3(6.3)
Gram staining
Gram-positive coccus 6(27.3) 0(0) 6(12.5)
Negative 16 (72.7) 26 (100) 42 (87.5) 00067
Growth in blood culture
Streptococcus pneumoniae 6(27.3) 0(0) 6(12.5) — 0.006***
No Growth 16 (72.7) 26 (100) 42 (87.5)
Treatment
Third generaion cephalosporin 12 (54.5) 24 (92.3)P 36 (75)
Third generation cephalosporin + vancomycin 8 (36.4)° 2(7.7)° 10 (20.8) 9.331 0.009*
Vancomycin + meropenem 2(9.1) 0(0) 2(4.2)

*Pearson Chi-square test, **Yates correction, ***Fisher’s exact test,
=b:There is no difference between groups with the same letter in each line.
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Figure 1. ROC curve of procalcitonin value.

Discussion

According to the World Health Organization, the incidence
of bacterial meningitis in developed countries is 3/100.000 per
year, while viral meningitis is 11/100.000 (3,4). Viruses are the
most common cause of acute meningitis and are responsible
for approximately 90% of acute meningitis cases. Enterovirus-
es are the most common cause of viral meningitis (>90%) (5).
Bacteria that cause meningitis most in healthy children are S.
pneumoniae, H. influenzae type b and N. meningitidis (6). With
the introduction of conjugated vaccines into routine pediatric
vaccination practices, a significant decrease was observed in
H. influenzae type b and then S. pneumoniae meningitis (7-9).
In a multicenter prospective surveillance study conducted in
our country, it was observed that the incidence of acute bac-
terial meningitis, which was 3.5/100.000 in the 2005-2006 pe-
riod, decreased to 0.9/100.000 in the 2011-2012 period, and
this decrease was attributed to the inclusion of the H. influ-
enzae type b vaccine in the national vaccination program in
2006 (10).

Studies in European countries conducted in different peri-
ods and in different countries between 1995 and 2012 found
50% N. meningitidis, 37% S. pneumoniae, 5% H. influenzae type
b and other factors were found at a rate of 8% (11). Mayah
et al, in their study in Egypt, have found N. meningitidis in
46.15%, H. influenzae type b in 30.77%, and S. pneumoniae in
23% of 26 children with bacterial meningitis (12).

In studies of different periods and centers in our country,
N. meningitidis 5.5-71%, S. pneumoniae 10.3-61.1%, H. influen-

zae type b have been reported at a rate of 5.5-36.3 percent.
Especially Mehmet Ceyhan'’s studies of consecutive periods,
reflecting almost all regions of our country, put forward the
change in meningitis factors.

When the cerebrospinal fluid samples of 1452 hospitalized
children with meningitis were examined by culture and poly-
merase chain reaction test between 2005-2006, N. meningitid-
is was found as 51.6%, S. pneumoniae as 30.2%, H. influenzae
type b as 18.1%. In the continuation of the same study, in a
study of 96 children with bacterial meningitis between 2013
and 2014, it was reported that 90.4% of the patients were due
to N. meningitidis and 9.6% of them were S. pneumoniae (10).

Again, in the study of Ceyhan et al., in which 125 children
with bacterial meningitis were evaluated by PCR between
2015 and 2018, it was shown that 71% of them were N. men-
ingitidis, 26.4% of them were S. pneumoniae and 2.4% of them
were due to H. influenzae type b (13). In our study, N. mening-
itidis was found in 5 (8.3%), S. pneumoniae in 15 (31.3%), and
H. influenzae type b in one (2.1%), and E. coli was detected in
two (4.2%) infants.

In patients with meningitis, definitive diagnosis is made by
microbiological tests. CSF culture, CSF PCR, CSF Gram staining
and blood culture are used to determine the causative agent.
In the study of Ceyhan et al., culture positivity was found in
23 (18.4%, 16 meningococci, seven pneumococci) out of 125
patients with definite bacterial meningitis, but no information
was given about the presence of CSF or blood culture. While
all other patients were diagnosed with CSF PCR, the CSF PCR
test was found positive in all patients diagnosed with culture
(14). In our study, when the agent grown in the CSF culture of
patients with bacterial meningitis was examined, E. coli was
found in two patients, N. meningitidis in one patient, and S.
pneumoniae in eight patients.

Considering the agent reproduced in blood culture, S.
pneumoniae growth was detected in six of the patients diag-
nosed with bacterial meningitis.

H. influenzae in one patient, N. meningitidis and S. pneumo-
niae in four patients were positive in bacterial meningitis, and
CSF PCR test was positive in 14 patients. Three patients with
bacterial meningitis with a negative CSF PCR test were diag-
nosed with growth in CSF culture (two E. coli meningitis, one
S. pneumoniae meningitis). CSF PCR test was also positive in
all of the patients with growth in their blood culture. It was
observed that the most effective examination in diagnosing
bacterial meningitis was CSF PCR examination (Table 3).

Bacterial and enteroviral meningitis can be seen in all ages
and sexes. Barseem et al. have conducted a study with 23
boys and 17 girls, a total of 40 children with acute meningitis,
and they were aged between four months and 14 years (15).
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In the study by Abdallah et al., the age range of 161 children
was eight months-13 years, and most of the included patients
were males (61.5%) (16). Seventy percent of the 167 children
included in the study by Dubos et al. were males [median
age= 4.6 years (0.2-14.9)] (17). El Shorbagy et al. reported 40
suspected children were between four months and 14 years
of age (15). When we look at similar studies conducted in Tur-
kiye, age distribution and male-dominant results are similar
(Table 5). Forty-eight patients were included in our study, and
79% of the patients had acute meningitis, Two of them were
males, and median age of the patients was 72 months (one
month-18 years).

In meningitis, fever, headache, nausea, and vomiting are
the most common complaints at presentation (15,16,18,19).
On physical examination, changes in consciousness, menings
irritation findings, and focal neurological findings indicate
central nervous system infection (18).

In a study covering the data of European countries and in
studies conducted in Turkiye, the most common complaints
in children with acute meningitis have been found as fever,
headache, neck stiffness and vomiting (11-14,19-23).

In terms of complaints and physical examination findings
indicating central nervous system involvement, headache at
a rate of 58.3%, nuchal rigidity 45.8%, altered consciousness
2.1%, seizure 8.3%, focal neurologic findings 4.2% were ob-
served in children with acute meningitis. Imananagha et al.
have found nuchal stiffness in 86 children with meningitis
to be 52.6%, brudzinski sign 77.5%, and kerning sign 51.4%
positive (24). In a study involving European countries, head-
ache has been reported as 78%, neck stiffness as 40-82%,

Table 5. Examples of childhood meningitis studies in Turkiye

altered consciousness as 13-51%, seizure as 8.3%, focal neu-
rologic findings as 11-16%, and seizures as 10-25% (11). In
studies conducted in Tiirkiye, headache has been found as
24.8-68.5%, neck stiffness as 43-84%, altered consciousness as
24.6-30%, seizure as 20.7-42.6%, focal neurologic findings as
5-13.9%, and seizure rates as 10-25%. As can be seen, head-
ache and neck stiffness are the most common neurological
findings (Table 5).

The gold standard method to distinguish whether men-
ingitis is bacterial or viral in vitro is CSF or blood culture. If
the patient used antibiotics before sampling, the chance of
growth in the culture decreases. The rate of production of the
microorganism in the cultures of patients who did not use an-
tibiotics is between 70-85% (25).

CSF is a body fluid and has many metabolic functions.
Glucose, protein, chlorine and many parameters such as oth-
er cellular changes, microbial and viral agents are examined
in CSF fluid for diagnostic purposes. Decreasing CSF glucose
concentration results from bacterial metabolism and is typical
in cases of bacterial meningitis. However, it also depends on
the blood glucose level measured simultaneously, taking into
account the CSF/blood glucose ratio (26). In healthy individ-
uals, protein level in CSF parameter is between 45-50 mg/dL.

CSF protein is slightly elevated (mean 56 mg/dL) in cases
of viral meningitis and higher in bacterial meningitis (mean
135 mg/dL). Protein levels above 188 mg/dL in CSF are useful
in differentiating between bacterial and viral meningitis.

In the study of Emiroglu et al., CSF protein level and cell
number have been found higher in children with meningi-
tis than in children without meningitis (23). In the study of

Kara Uzun (20) Abuhandan (21) Ceyhan (13,14) Tiirel (22) | Emiroglu (23) | Babayeva
Years 1995-1996 2012-2016 2010-2011 2005-2012 | 2015-2018 | 2005-2013 2011-2013 2013-2020
Patient number 54 17 92 645 125 283 101 48
Age (month) 405 (1-168) | 71.3(3-204) 50+£49(3-192) 1-216 42 12 (1-60) 24 (1-168) 72 (1-240)
Sex M (%) 29 (53.7) 12 (70.6) 50(54.3) 1225 (84) 194 (68.6) 62 (61.4) 38(79.2)
N. meningitidis 52.2% 27.3% 9.2% 51.6% 71% 21% 5.5% 18.2%
S. pneumoniae 26.1% 54.5% 54.3% 30.2% 26.4% 30.3% 61.1% 68.2%
H. influenzae type b 17.4% 9.1% - 18.1% 2.4% 36.3% 5.5% 4.5%
Fever 27% 23.5% 91.3% - - 97% 98.0% 77%
Vomiting - - 87% - - 93% 46.5% 64.6%
Headache - - 68.5% - - - 24.8% 58.3%
Neck rigidity - - 60.9% - - 84% 45.8%
Seizure - 23.6% 20.7% - - 23% 42.6% 8.3%
Focal neurological finding - - - - - 5% 13.9% 4.2%
Clouding of consciousness - 24.6% - - - 26% - 2.15%
Rash - - 2.2% - - 10 - 2.1%
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El Shorbagy et al., CSF protein has been found to be signifi-
cantly higher in children with bacterial meningitis (p< 0.001),
while CSF sugar has been detected to be significantly lower
(p< 0.001) (15). Considering the distribution of CSF biological
parameters of 96 patients diagnosed with bacterial meningi-
tis by Dubos et al., the authors have concluded a significant
increase in CSF protein level (80 mg/dL) and CSF neutrophil
count (1000/mm?) and a significant decrease in glucose value
(17). Abuhandan et al. have found that if CSF protein is normal
or close to normal and if CSF sugar is close to or below half of
the concomitant blood sugar, then this is in favor of aseptic
meningitis (21). In the study of Mayah et al., CSF protein has
been significantly increased in patients with bacterial menin-
gitis compared to patients with aseptic meningitis (p< 0.05),
while CSF glucose level has been determined significantly
lower in patients with bacterial meningitis compared to pa-
tients with aseptic meningitis (p< 0.05) (12).

In our study, CSF glucose value was found to be signifi-
cantly lower in patients with bacterial meningitis compared
to patients with enteroviral meningitis (p=0.001), CSF protein
was found to be higher (p=0.013), but no difference was ob-
served between the groups in concomitant glucose values
(p=0.954).

Normal CSF leukocyte count is <5 to 10 leukocytes/mm?,
consisting mainly of mononuclear cells. In children (<14 years
of age), 321 Ieukocytes/mm3 has been determined as the limit
for the distinction between bacterial meningitis and viral men-
ingitis (26). Abuhandan et al. have demonstrated that a CSF
leukocyte count above 1000/mm?® and PMNL predominance
(>75%), a CSF protein over 100-500 mg/dL (15-45 mg/dL) and
a CSF sugar below half of concomitant blood sugar, and the
presence of the agent in CSF gram staining or the production
of the agent in its culture are in favor of bacterial meningitis,
and the presence of leukocytes in CSF between 100-500/mm?®
and lymphocytes predominance (>75%), and no growth in
culture demonstrate aseptic meningitis (21).

In different studies, total leukocyte count, neutrophil
count, and neutrophil ratio in CSF have also been found to
be significantly higher in children with bacterial meningitis
(12,15). However, in our study, there was no difference CSF
leukocytes, CSF neutrophils, and CSF lymphocytes counts
between bacterial meningitis and enteroviral meningitis. This
shows the importance of culture and PCR methods in defini-
tive diagnosis.

High acute phase reactants are expected in children with
meningitis. In the study of Mayah et al., CRP and PCT values
were found to be significantly higher in children with bacte-
rial meningitis compared to children with aseptic meningitis
(p< 0.05 for both) (12). El Shorbagy et al. have found signif-
icantly higher blood CRP and PCT values in children with

bacterial meningitis than in children with viral meningitis (p<
0.001 for both).

In addition, diagnostic cut-off values were found to be >10
ng/mL for PCT and >20 mg/dL for CRP. PCT concentration >2
ng/mL had 100% sensitivity and negative predictive value for
bacterial meningitis, but specificity and positive predictive
values were only 63% and 67%, respectively (15). The results
of the study conducted by Emiroglu et al. show that ESR, CRP
and PCT levels increase in childhood meningitis, CRP> 22.55
mg/L, ESR> 36.5 mm/hour, and PCT> 6.795 mg/ml indicate
bacterial meningitis (23). In the study of Sadarangani et al., it
has been reported that determining the CRP level is a useful
parameter in the diagnosis of bacterial meningitis (27).

In our study, CRP> 5 mg/dL was found in favor of bacterial
meningitis. In our study, only PCT value was found to be sig-
nificantly higher in patients with bacterial meningitis than in
patients with enteroviral meningitis (p= 0.010). When the cut-
off value of PCT was taken as 0.20, sensitivity was 82.4%, speci-
ficity was 80%, PPV was 82.4%, and NPV was 80%. Accordingly,
determination of serum CRP and PCT levels is an important
biomarker in bacterial-viral differentiation.

In the study of Turel et al., 38% of the patients with menin-
gitis had taken antibiotics before, and 92.6% of them were giv-
en antibiotics in the treatment of meningitis (22). Nine (18.8%)
of our patients had received antibiotic treatment before ad-
mission to the hospital, but the dose and duration could not
be determined precisely. Antibiotic treatment was used in all
of our patients because the CSF PCR test was not performed
immediately.

Computed tomography and magnetic resonance imaging
methods may show inflammation in some patients with men-
ingitis. However, the absence of inflammation on imaging
does not exclude the absence of meningitis, but it plays an
important role in the detection of complications (28). In our
study, it was determined that imaging methods were used to
determine complications, especially in patients with bacterial
meningitis.

In our retrospective study, some data could not be reached
due to the deficiencies in the records.

There was a lack of information on the names and doses
of the antibiotics used prior to admission. In addition, The du-
ration of the CSF PCR test was influenced by the rate and du-
ration of antibiotic use, and as the duration of the study was
highly variable during the study period, the effect could not
be determined.

Conclusion

Meningitis is a common infection in childhood. With the
introduction of conjugated vaccines into national vaccine
schemes, the incidence of acute bacterial meningitis in chil-
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dren is decreasing. However, in terms of the morbidity and
mortality observed in bacterial meningitis, prompt diagno-
sis and early treatment are important. Enteroviral meningitis
are diagnosed more with the widespread use of CSF PCR test.
Differentiation of bacterial meningitis and viral meningitis
prevent inappropriate use of antibiotics. While CSF PCR test
seems to be the most effective diagnostic tool in this regard,
PCT value in blood is also seen significant. With the immedi-
ate study of CSF PCR test, unnecessary antibiotics use may be
prevented.
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