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Evaluation of Pediatric Central Nervous System Infections

with Meningitis Encephalitis Panel
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Abstract

0z

Objective: Central nervous system (CNS) infections require establish-
ment of urgent diagnosis due to rapid progression leading to mortality
or severe permanent sequelae. This study aimed to investigate the clin-
ical and epidemiological characteristics of pediatric patients evaluated
with FilmArray®, Meningitis Encephalitis Panel (MEP) applied due to sus-
picion of CNS infection.

Material and Methods: A total of 230 pediatric patients who were fol-
lowed up for suspected CNS infection at the Eskisehir Osmangazi Univer-
sity Medical Faculty and whose cerebrospinal fluid (CSF) samples were
analyzed using BioFire Diagnostics®, FilmArray® MEP (bioMérieux, Utah,
USA) between January 2018 and December 2021 were included in the
study. Epidemiological, clinical, and laboratory findings of the patients
were retrospectively evaluated.

Results: The median age of 115 pediatric patients with CNS infection
was 42 (range 1-192) months and 65 (56%) were male. MEP revealed viral
agents human herpes virus-6 (HHV-6), enterovirus, varicella zoster virus,
cytomegalovirus in 23 and bacterial agents Streptococcus pneumoniae,
Haemophilus influenzae, Streptococcus agalactiae in six cases. Pathogen-
ic agents was identified in the conventional CSF culture of five cases
in which no causative agent was detected by MEP (five of them were
non-panel agents). In two cases, the same pathogenic agents (S. pneu-
moniae and S. agalactiae) were detected with both MEP and CSF culture.

Girig: Santral sinir sistemi (SSS) enfeksiyonlari hizli ilerlemesi ve mortali-
teye ya da ciddi kalici sekellere yol agmasi nedeniyle hizli tani gerektirir.
Bu calismada SSS enfeksiyonu sliphesi nedeniyle FilmArray Menenjit
Ensefalit Paneli (MEP) ile degerlendirilen pediyatrik hastalarin klinik ve
epidemiyolojik 6zelliklerinin arastiriimasi amaglanmaktadir.

Gereg ve Yontemler: Calismaya Ocak 2018 ile Aralik 2021 tarihleri ara-
sinda Eskisehir Osmangazi Universitesi Tip Fakiiltesinde SSS enfeksiyonu
stphesiyle takip edilen ve BioFire®, FilmArray®, MEP (bioMérieux, Utah,
ABD) ile beyin omurilik sivisi (BOS) analizi yapilan 230 ¢cocuk hasta dahil
edildi. Hastalarin epidemiyolojik, klinik ve laboratuvar bulgulari retros-
pektif olarak degerlendirildi.

Bulgular: SSS enfeksiyonu tanisi ile takip edilen 115 pediyatrik olgunun
yas ortancasi 42 ay (1-192) olup, 65 (%56)'i erkekti. MEP ile, 23 vakada
viral ajanlar insan herpes virlis-6 (HHV-6), enteroviris, varisella zoster vi-
rus, sitomegaloviris ve alti vakada bakteriyel ajanlar Streptococcus pneu-
moniae, Haemophilus influenzae, Streptococcus agalactiae saptandi. MEP
ile etken saptanamayan bes olguda (besi panel digi ajan) BOS kultiriin-
de ireme tespit edildi. iki olguda hem MEP hem de BOS kiiltiiriinde ayni
etkenler (S. pneumoniae ve S. agalactiae) tespit edildi.

Sonug: Cocuklarda SSS enfeksiyonlarinda en sik goriilen etiyolojik ajan-
lar, basta HHV-6 ve enterovirusler olmak Uzere viral ajanlar olup, bunu
S. pneumoniae ve H. influenzae gibi bakteriyel ajanlar takip etmektedir.
Menenjit ensefalit panelleri gibi molekuler testler, bircok faktoriin ayni
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Conclusion: The most common etiological agents in CNS infections in
children are viral agents, primarily HHV-6 and enteroviruses, followed
by bacterial agents such as S. pneumoniae and H. influenzae. Molecular
tests such as MEP are important for the establishment of the diagnosis
of central nervous system infections and they can be used together with
culture and microscopic tests due to their advantages such as screening
many factors at once, identifying both viral and bacterial agents, and
yielding rapid results.

Keywords: Children, molecular diagnostics, central nervous system in-
fections

Introduction

Central nervous system (CNS) infections such as meningitis,
encephalitis, and meningoencephalitis are among the leading
infectious diseases with high mortality and morbidity in
childhood (1). Viruses, bacteria, and rarely parasites and fungi
play a role in its etiology. The most common bacterial agents
are Streptococcus pneumoniae, Neisseria meningitidis, and
Haemophilus influenza type b, while common viral agents
include enteroviruses, herpes simplex viruses, varicella zoster
virus and mumps virus (2,3). Early diagnosis and treatment are
of vital importance due to the potential of the infection for
rapid progression, permanent neurological damage, and the
risk of serious complications. Microscopic examination of the
cerebrospinal fluid (CSF), biochemical methods and specific
microbiological diagnostic tests are used in the diagnosis of
CNS infections (4). Specific microbiological tests include CSF
culture, serological investigation, nucleic acid amplification
test incluiding multiplex polymerase chain reaction (PCR)
tests, and antibody and antigen detection tests. Recently,
nucleic acid amplification tests such as multiplex PCR and
meningitis/encephalitis panel (MEP) in CSF have been used
in increasing frequency due to their advantages such as
getting rapid results, screening for bacteria, viruses, fungi
and parasites with a single sample, and being less affected
by antimicrobial therapy (5,6). This study aimed to investigate
the clinical and epidemiological characteristics of pediatric
patients with suspected CNS infection evaluated with MEP.

Materials and Methods

A total of 230 pediatric patients who were followed up
for the suspicion of CNS infection at the Eskisehir Osmangazi
University Medical Faculty, Department of Pediatrics and
underwent CSF analysis with BioFire® FilmArray®, MEP
(bioMérieux, Utah, USA) between January 2018 and December
2021 were included in the study. Using MEP, Haemophilus
influenzae, Neisseria meningitidis, Streptococcus agalactiae,
Streptococcus pneumoniae, Listeria monocytogenes, Escherichia
coli, cytomegalovirus (CMV), enterovirus (EV), herpes simplex
virus type | (HSV-1), herpes simplex virus type Il (HSV-2),
human herpesvirus 6 (HHV-6), human parechovirus (HPeV),

anda taranmasi, viral ve bakteriyel etkenlerin bir arada degerlendirilmesi,
hizli tani verilmesi gibi avantajlara sahiptir. Santral sinir sistemi enfeksi-
yonunun tanisinda kiltiir ve mikroskobik testler gibi konvansiyonel yon-
temler, menenijit ensefalit paneli gibi molekiler testlerle birlikte kullanil-
malidir.

Anahtar Kelimeler: Cocuklar, molekdler tani, santral sinir sistemi enfek-
siyonu

varicella zoster virus (VZV), and Cryptococcus neoformans were
identified in CSF. Epidemiological, clinical, and laboratory
findings of the patients were retrospectively evaluated. The
study was started after the approval of the ethics committee
of Eskisehir Osmangazi University Faculty of Medicine (Date:
30.03.2022, Number: 21).

Statistical Analysis

Statistical Package for Social Sciences (SPSS) version 28.0
for Windows (SPSS, Chicago, IL, USA) was used for statistical
analyses. Continuous variables were expressed as median
(minimum-maximum). After assessing normal distribution
using the Kolmogorov-Smirnov test, the parameters were
compared among the groups using the Mann-Whitney U test
for continuous variables and a Chi-square test for categorical
variables. P values< 0.05 were considered to be statistically
significant.

Results

CSFsampleswere takenfrom 230 cases with the preliminary
diagnosis of CNS infection. According to CSF microscopy,
biochemistry, culture and MEP results, 115 of them were
diagnosed with CNS infection. The study population with an
median age of 42 months (range= 1-192 months) consisted
of 65 (56%) male and 50 (44%) female pediatric patients who
were being followed up with CNS infection. The most common
symptoms were fever, loss of appetite, malaise, altered
consciousness, headache, and vomiting. The most common
physical examination findings were nuchal rigidity, Kernig's
and Brudzinski’s sign positivity, and bulging fontanelle, in
decreasing order of frequency (Table 1). Ventriculoperitoneal
shunt was present in 16 cases (13%), cochlear implant in two
(1.7%), and history of head trauma in two (1.7%). According
to CSF findings, pleocytosis was detected in 38 cases (33%),
relatively increased percentage of neutrophils in 29 (25%),
decreased glucose levels in 20 (17%), and elevated protein
levels in 57 (49%) cases. CSF culture revealed Streptococcus
epidermidis in two cases, and S. agalactiae, Enterococcus
faecium, S. pneumoniae, S. haemolyticus and Pseudomonas
aeruginosa were identified in one case for each of the indicated
microorganisms. MEP revealed viral pathogens (HHV-6, EV,
VZV, CMV) in 23 and bacterial pathogens (S. pneumoniae in
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Table 1. Clinical and epidemiological features of the patients

n=115
Sex, n (%)
Male 65 (56%)
Female 50 (44%)
Median Age 42 (1-192%)
Symptoms, n (%)
Fever 79 (69%)
Loss of Appetite 56 (49%)
Confusion 41 (35%)
Malaise 48 (42%)
Seizure 21 (19%)
Vomiting 29 (26%)
Headache 19 (16%)
Physical Examination Findings
Nuchal Rigidity 15 (13%)
Kernig/Brudzinski Sign 9 (8%)
Fontanel Bulging 7 (6%)
Laboratory Findings
Elevated CRP 67 (58%)
Leukocytosis 59 (51%)
Neutrophilia 36 (31%)
Lymphopenia 22 (19%)
Treatment
Antibiotherapy 93 (81%)
Acyclovir 8 (7%)
Ganciclovir 1(0.8%)
CRP: C-reactive protein.

Table 2. Cerebrospinal fluid characteristics of the patients

four, H. influenzae in one, S. agalactiae in one case) in six cases
(Table 2). MEP detected a viral agent in 23 and a bacterial
pathogen (S. pneumoniae in three, H. influenzae in one) in four
of the 27 cases in which no pathogen was detected with CSF
culture. Growth of pathogenic microorganisms was detected
in the conventional CSF culture of five cases in which no
causative agent was detected by MEP (five of them non-panel
agents). In two cases, the same pathogenic microorganisms (S.
pneumoniae and S. agalactiae) were detected with both MEP
and CSF culture. While 32% of the cases were hospitalized in
the intensive care unit, the median of hospital stay was 14
(1-120) days. The most commonly used antimicrobial agents
were ceftriaxone/cefotaxime, vancomycin and acyclovir.
Empirical antibiotherapy was initiated in eight cases and
was discontinued in the early period when a viral agent was
detected as aresult of MEP.Five cases developed complications
of hydrocephalus and subdural effusion. No patient died due
to CNS infection.

Discussion

With the worldwide use of pneumococcal and H. influenza
type b vaccinations, changes have occurred in the prevalence
of agents causing CNS infection (2,3). Hasbun et al. have
reported that the most common bacterial agents causing
CNS infection in children were enteroviruses (54%); however,
bacterial agents were detected in only 13% of all cases (7). In
studies conducted in our country to detect the viral etiology

n=115

Pleocytosis, n (%) 38 (33%)

Low CSF Glucose Level, n (%) 20 (17%)

Elevated CSF Protein Level, n (%) 57 (49%)
Pathogenic Microorganisms Identified in Cerebrospinal Fluid Culture Media 7 (6%)

Pathogens also Identified with MEP
S. pneumoniae 1(0.8%)
S.agalactiae 1(0.8%)
Pathogens not Screened with MEP

P aeruginosa 1(0.8%)

S. epidermidis 2 (1.7%)

E. faecium 1(0.8%)

S. haemolyticus 1(0.8%)

Pathogenic Microorganisms Identified with MEP 29 (25%)
Human herpes virus-6 10 (8%)
Enterovirus 8 (7%)
S. pneumoniae 4 (3.4%)
Varicella zoster virus 3(2.6%)
Cytomegalovirus 2 (1.7%)
Haemophilus influenzae tip b 1(0.8%)
Streptococcus agalactiae 1 (0.8%)

CSF: Cerebrospinal fluid, MEP: Meningitis/encephalitis panel.
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of acute meningitis and encephalitis in children, Toriin et al.
have identified the most common viral agents causing CNS
infections as EV (25%), adenovirus (22.9%), and HHV-6 (22.9%)
while Akkaya et al. have reported EV (29.5%), adenovirus
(22.7%), and HSV type 1 (22.7%) (8,9). In multicenter studies by
Ceyhan et al., it has been reported that N. meningitidis (54.8%),
S. pneumoniae (29.6%), and H. influenzae type b (15.6%) were
the most common bacterial agents causing CNS infections in
children in our country between 2005-2012 and 2015-2018
(3,10). In our study, the most common viral agents detected
with MEP were HHV-6 (8%) and EV (6%), which is consistent
with the literature data.

Many studies have been conducted comparing molecular
tests such as MEP with conventional methods used for the
identification of pathogenic microorganisms such as CSF
culture, microscopic examination, Gram staining and CSF
biochemistry in the diagnosis of CNS infection. Waldrop et
al. have conducted a study on 1.625 patients with suspected
CNS infection and reported that they identified pathogenic
microorganisms including viral (n= 88; 74%), bacterial (n=
27; 23%), and fungal (n= 4; 3%) agents in a total of 119 cases
using MEP. They have stated that they observed growth of a
bacterial agent in CSF culture of only nine of these 27 cases
identified by MEP (11). Similarly, a study by Ekambaram et al.
has identified bacterial agents using MEP in 53 of 355 children
with a preliminary diagnosis of CNS infection based on the
identification of a causative agent in CSF samples. Among
them, bacterial growth was identified in CSF culture media
of only 22 cases while in 29 cases, MEP could not reveal the
presence of any causative agent. Again, in the same study, non-
panelagentssuch asS. aureus, S. epidermidis, and Pseudomonas
were found in the CSF culture of 19 cases in which no agent
was detected by MEP (12). On the other hand, Messacar et
al. have detected a causative agent in 102 (13%) of a total of
805 CSF samples studied with MEP including bacterial agents
identified in 20 (2%) CSF samples. In five of these 20 cases, any
bacterial growth was not detected in the CSF culture, and the
researchers were able to identify the causative agent by Gram
staining in only four cases. While any pathogenic agent could
not be detected by MEP in two cases, non-panel (S. aureus)
growth could be revealed in the CSF culture (13).

In our study, the causative agent was detected with MEP in
29 of 230 cases, with a detection rate of 12.6%, similar to the
study data reported by Messacar et al. Again, consistent with
the literature, viral agents were detected in 23 (79%) and bacte-
rial agents in 6 (21%) of the 29 cases. In our study, as in previous
studies, bacterial growth was detected in CSF culture of only
two of six cases in which bacterial agents were identified by
MEP. There was growth of non-panel pathogenic bacteria in the
CSF culture of five cases in which agents were not identified by
MEP. This indicates that molecular methods such as MEP are in-
sufficient for detecting non-panel agents such as S. epidermidis,

P. aureginosa, and enterococci despite its higher sensitivity in
identifying pathogenic microorganisms relative to CSF culture.

Although MEP is a very useful method in the detection of
viral pathogens, it is not successful in distinguishing between
latent and active infection or viral chromosomal integration,
especially for viruses such as HHV-6, CMV, and VZV, which can
remain in cells for a long time without causing an active in-
fection (8,14,15). Although CMV was detected in two, VZV in
three, and HHV-6 in 10 cases according to MEP, only two cases
whose clinical and radiological findings were compatible with
CNS infection were treated with acyclovir and one case with
ganciclovir.

The main limitations of our study were the small num-
ber of cases, the retrospective study design, the inability to
perform both cell cultures for viral agents and confirmatory
agent-specific PCR tests.

Conclusion

In conclusion, the most common etiological agents in
CNS infections in children are viral agents, primarily HHV-
6 and enteroviruses, followed by bacterial agents such as
S. pneumonie and H. influenzae. Molecular tests such as
meningitis/encephalitis panels are important for the diagnosis
of CNS infections and they should be used together with
culture and microscopic tests due to their advantages such
as screening many factors at once, evaluating both viral and
bacterial agents and yielding rapid results.
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