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Abstract

Introduction: In an attempt to identify a wide spectrum of viral infections, cerebrospinal fluid (CSF) specimens were collected from pediatric
cases with the preliminary diagnosis of viral encephalitis/meningoencephalitis in two reference hospitals, from October 2011 to December
2015.
Methodology: A combination of nucleic acid-based assays, including in house generic polymerase chain reaction (PCR) assays for
enteroviruses, flaviviruses and phleboviruses, a commercial real-time PCR assay for herpesviruses and a commercial real time multiplex PCR,
enabling detection of frequently-observed viral, bacterial and fungal agents were employed for screening.
Results: The microbial agent could be characterized in 10 (10%) of the 100 specimens. Viral etiology could be demonstrated in 7 (70%)
specimens, which comprises Human Herpesvirus 6 (4/7), Herpes Simplex virus type1 (2/7) and Enteroviruses (1/7). In 3 specimens (30%),
Streptococcus pneumoniae, Listeria monocytogenes and Staphylococcus aureus were detected via the multiplex PCR, which were also isolated
in bacteriological media. All specimens with detectable viral nucleic acids, as well as unreactive specimens via nucleic acid testing remained
negative in bacteriological cultures.
Conclusions: Herpes and enteroviruses were identified as the primary causative agents of central nervous system infections in children.
Enterovirus testing must be included in the diagnostic work-up of relevant cases.
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Introduction
Central nervous system infections, manifesting as
meningitis or encephalitis are caused by a broad variety
of infectious agents generating diagnostic and treatment
challenges. The clinical presentation is referred to as
meningitis, encephalitis, or meningoencephalitis,
according to the presence of meningeal signs and
altered brain function (mental status, behaviour changes
or focal signs). A rapid etiologic diagnosis to
differentiate viral and bacterial causes is crucial to
guide the introduction of empirical antibiotic therapy or
avoid its unnecessary use [1]. Furthermore, initiation of
antiviral therapy is required in all suspected cases of

sporadic encephalitis due to Herpes simplex virus
(HSV) type 1, a prevalent, debilitating and potentially
fatal virally-induced central nervous system infection
[2]. The conditions that are most important to recognize
in the first hour are bacterial meningitis and herpetic
encephalitis, as these diseases cause significant
morbidity and mortality and have specific treatments
that can improve patient outcome if administered
rapidly [2]. Therefore, an early identification of the
causative agent has a significant impact on the
prognosis and individual management of the patient.
Viruses are among the leading cause of meningitis
worldwide, with an estimated incidence of 12–19 cases
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per 100,000 per year [3]. Moreover, around 200,000
annual viral encephalitis cases are reported globally [4].
The clinical picture caused by viral agents that elicit
various neurological manifestations through different
pathogenic mechanisms is not always distinct and clearcut, but rather reflects a continuous spectrum with
overlapping
features
of
meningoencephalitis,
meningomyelitis, or meningoencephalomyelitis [5].
Over 100 viruses have been implicated in the etiology
of acute central nervous system infections, which
further complicates differential diagnosis [4]. Although
certain distinctive geographical and seasonal patterns
are recognized, the most common viruses associated
with encephalitis are human herpesviruses,
enteroviruses and vector-borne (or arthropod-borne)
viruses belonging in various families [6,7]. Although all
age groups can be affected by viral central nervous
system infections, some viruses are more commonlyobserved among pediatric cases. Viruses of the
enterovirus (EV) genus are generally considered as the
primary cause of meningitis in children, but several
other agents such as human herpesviruses and vectorborne viruses are also observed. Majority of the HSV
type 2 encephalitis cases are documented in neonates
after exposure to the virus in genital tract during
delivery. Among the vector-borne viruses, several
strains from the genus flavivirus, such as West Nile
virus and Japanese encephalitis virus have been
associated with encephalitis and meningitis [7,8]. The
International Encephalitis Consortium recommends
HSV, EV and human parechoviruses [in individuals
younger than 3 years] as the first assessment of a
probable viral etiology in children [9].
The laboratory diagnosis and identification of the
etiological agent in central nervous system infections
rely on the analysis of cerebrospinal fluid (CSF). As
biochemical tests and direct microscopy of the CSF
may provide an early insight of the ongoing
pathological process, the definitive diagnosis is based
on the identification of the causative microbial agent.
Inoculation of the CSF specimen for bacterial and
fungal isolation and subsequent antibiotic resistance
analysis is widely-used in diagnostic microbiology
settings, as well as rapid bacterial and fungal antigen
assays. Likewise, polymerase chain reaction (PCR)
based assays for frequently-observed viruses such as
HSV is a common practice [10]. However, performing
individual nucleic acid testing for all probable viral
pathogens is often expensive and cumbersome, and
beyond the scope of the majority of the hospital
diagnostic services. Therefore, in some instances,
precise identification of the causative agent in aseptic
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meningitis/encephalitis could not be attained and the
etiology may remain obscure [11]. This study was
performed in order to investigate the viral etiology in
pediatric cases with the preliminary diagnosis of central
nervous system infections, using a combination of
individual and multiplex standard and real-time assays
that can detect a wide spectrum of agents reported to
cause meningitis/encephalitis.
Methodology
Study design, sample collection and processing
The study was undertaken in pediatric infection
outpatient or emergency clinics of two reference
hospitals in Ankara, from October 2011 to December
2015. Patients with the preliminary clinical diagnosis of
central nervous system infection were enrolled in the
study with individual and parental informed consent.
CSF specimens were obtained from patients, aliquoted
and kept at -86oC. Aliquots of the specimens were
submitted for routine biochemical and bacteriological
examination, including inoculation in appropriate
media for bacteria causing bacterial meningitis or
encephalitis. The study and associated protocols were
approved by the local ethics committees of both centers
(16.11.2011/341).
CSF specimens were processed identically prior to
the detection pipeline. Nucleic acid purification and
complementary DNA (cDNA) synthesis using random
hexamers were performed by commercial assays
(QIAamp® Viral RNA Mini Kit, Qiagen, Hilden,
Germany; RevertAid First Strand cDNA Synthesis Kit,
ThermoFisher Scientific, Waltham, Massachusetts,
USA), as suggested by the manufacturers. The
processed specimens were subsequently evaluated via
individual and multiplexed pathogen detection assays.
Pathogen detection via individual assays
Commercial or laboratory-optimized in house
polymerase chain reaction (PCR) assays were
employed for screening of frequent and rare agents of
viral meningoencephalitis. Herpes simplex virus (HSV)
type 1 and 2 detections were undertaken via a widelyused commercial real time PCR assay (LightCycler®
HSV1/2 QualKit, Roche Diagnostics, Mannheim,
Germany) in a LightCycler 2.0 Instrument (software
version 4.1) (Roche Diagnostics, Mannheim, Germany)
according to manufacturer’s instructions.
For the screening of enteroviruses, a set of novel
primers, targeting the highly-conserved 5’ untranslated
region (UTR) in all enterovirus strains were designed,
using the CLC Main Workbench v7.7’ (CLCBio,
Aarhus, Denmark) software. The primers (Forward: 5’573
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CCGGCCCCTGAATGC-3’, reverse PENV.R 5’CACCGGATGGCCAATCCA-3’) are designed to
amplify a 193-base pair (bp) stretch in the 5’-UTR and
enables strain characterization after amplicon
sequencing. The assay was optimized using cell culture
grown Coxsackie virus B6 (Schmitt) isolate.
Previously-described generic nested PCR assays
were employed for the detection of flavi- and
phleboviruses. The flavivirus PCR targets the NS5 gene
and amplifies all major pathogenic flaviviruses such as
West Nile virus (WNV), Dengue viruses, yellow fever
virus, tick-borne encephalitis virus, Murray Valley
encephalitis virus, Saint Louis encephalitis virus and
Usutu virus, with a detection limit of 40 TCID50 per
reaction [12]. The assay produces a 960 bp amplicon in
the second round, which can be sequenced for strain
characterization. Vero cell-grown WNV isolate NY994132 was used for assay optimization and positive
control during testing.
The phlebovirus assay also utilizes a nested reaction
employing degenerated primers to amplify all
medically-significant phleboviruses as well as Toscana
virus (TOSV), the main agent of viral
meningoencephalitis of the species [13]. The assay
targets the RNA-dependent RNA polymerase coding
region, located in the L segment of the viral genome and
produces a 250 bp second round product, suitable for
sequencing for strain identification. The assay was
optimized using TOSV isolate Strain ISS.Phl.3, further
used as positive control.
Reaction mixes for enterovirus, flavivirus and
phlebovirus included 10× Buffer, 25mM Mg+2, 5U/µL
Taq polimerase (Biomatik, Wilmington, Delaware,
USA), 10 mM dNTP (Fermentas, Waltham,
Figure 1. The distribution of individuals according to gender
and age strata.
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Massachusetts, USA) and 10 pm of the relevant
primers. Amplicons of the expected size were
investigated under ultraviolet light following
electrophoresis in 1.5-2% agarose gels.
Pathogen detection via multiplex assay
Processed CSF specimens were evaluated in
parallel using a commercial real time multiplex PCR
method (MeningoFinder® 2SMART, PathoFinder BV,
Maastricht, The Netherlands), enabling detection of 11
viral (HSV-1, HSV-2, Varicella-zoster virus, EpsteinBarr virus, human herpesvirus (HHV) 6, HHV-7, HHV8, human enteroviruses, human parechoviruses, mumps
virus and measles virus), 8 bacterial (Borrelia
burgdorferi sensu lato, Echerichia coli K1,
Haemophilus influenzae, Listeria monocytogenes,
Neisseria meningitidis, Staphylococcus aureus,
Streptococcus
agalactiae
and
Streptococcus
pneumoniae) and 2 fungal (Cryptococcus neoformans
s.l. and Cryptococcus gatii s.l.) agents, responsible for
CNS infections. The assay employs 24 distinct primer
sets combined with 14 fluorescent labelled probes to
identify the targeted pathogens via melting curve
analysis, performed in two reaction mixes. Purified
nucleic acids from the CSF specimens were used for
preparation of the reaction mixes, as the assay
incorporates a reverse transcription step prior to PCR.
Amplification and analysis were carried out using a
LightCycler 480 instrument (Roche Diagnostics,
Mannheim, Germany), with the assay controls as
suggested by the manufacturer.
Results
A total of 100 patients that comprise 39 female and
61 male individuals were enrolled in the study. A
predominance of 1-3 year age group (37/100) was
observed in the study cohort. The distribution of
individuals according to gender and age strata is
provided in Figure 1.
During the clinical evaluation of the cases, 64 and
29 individuals were provided with the preliminary
diagnosis of meningitis and encephalitis, respectively.
Meningoencephalitic symptoms, an infection of the
ventricular shunt and acute flask paralysis were noted
in 7 individuals. The biochemical analysis and cell
counts in the obtained CFS specimens are provided in
Table 1.
The microbial pathogen, potentially associated with
the clinical presentation could be identified in 10 (10%)
of the CSF specimens tested. In 3 specimens, bacterial
agents S. pneumoniae, L. monocytogenes and S. aureus
were detected via the multiplex PCR (Table 2).
574
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Table 1. CSF findings according to the preliminary diagnosis in the study cohort.

Protein

CSF
findings

Glucose

Cell count
†

Normal (15-45 mg/dL)
Increased (> 45 mg/dL)
Unknown
Decreased (< 45 mg/dL or lower
than ½ of blood sugar)
Normal (45-80 mg/dL)
Increased (> 80 mg/dL or higher
than 2/3 of blood sugar)
Unknown
Normal (0-5/mm3)
Increased (> 5/mm3)
Unknown
Total

Clinical presentation
Encephalitis
Meningoencephalitis
4
0
22
1
3
0

Meningitis
7
53
4

Includes shunt infection (n:3), acute flask paralysis (n:2) and ADEM (n:1).

1

0

3

35

27

24

1

2

54

2

0

0

1

3

4
2
56
6
64

4
1
21
7
29

0
0
1
0
1

0
0
4
2
6

8
3
82
15
100

Pathogen
detected
HSV1
HSV1

Table 3. The biochemical CSF findings in individuals with detectable pathogens.

CSF
findings

Glucose

Cell count

Normal (15-45 mg/dL)
Increased (> 45 mg/dL)
Decreased (< 15 mg/dL)
Decreased (< 45 mg/dL or lower than ½
of blood sugar)
Normal (45-80 mg/dL)
Increased (> 80 mg/dL or higher than 2/3
of blood sugar)
Normal (0-5/mm3)
Increased (> 5/mm3)
Unknown
Total

HSV1
1
1
-

Detection assay
Real-time PCR
Real-time PCR

HHV6

Multiplex PCR

HHV6

Multiplex PCR

HHV6

Multiplex PCR

HHV6

Multiplex PCR

Enterovirus

Multiplex PCR

L.
monocytogenes

Multiplex PCR +
culture

S. aureus
S. pneumonia

Upper respiratory tract infection; § Within normal range.

Protein

Total
13
80
7

31

Table 2. The clinical features and main findings in individuals with detectable pathogens.
Preliminary
No Gender
Age
Major symptoms
CSF findings
diagnosis
1 Female
2 years Encephalitis
Fever, seizure
Increased protein
2 Female
4 years Encephalitis
Fever, seizure
WNR§
Fever, nausea-vomiting,
3 Female 6 months Meningitis
Increased protein
drowsiness
Fever, nausea-vomiting,
4 Female
3 years Encephalitis
drowsiness, URTI‡,
Increased protein
seizure
Fever, diarrhoea, URTI,
Decreased protein
5
Male
4 months Meningitis
fontanel bulgin
6
Male
4 years
Meningitis
Fever, seizure
Increased protein
Fever, nausea-vomiting,
7 Female 1 month
Meningitis
Increased protein
drowsiness
Fever, nausea-vomiting,
Increased protein/ decreased
fontanel bulging,
8 Female 6 months Meningitis
glucose
strabismus
Fever, nausea-vomiting, Increased protein/ decreased
9
Male
9 years
Meningitis
neck stiffness
glucose
Fever, nausea-vomiting,
10 Male
12 years
Meningitis
Decreased glucose
headache, neck stiffness
‡

Other†
2
4
0

Detectable pathogens (n)
HHV6
EV
3
1
1
-

Multiplex PCR +
culture
Multiplex PCR +
culture

Bacteria
1
2
-

Total
2
7
1

-

-

-

-

-

2

4

1

-

7

-

-

-

3

3

-

4
4

1
1

3
3

8
2
10

2
2
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These bacteria could also be isolated and
biochemically characterized via CSF cultures,
performed using separate aliquots (data not given).
Viral etiology could be demonstrated in 7 of the 10
reactive specimens, that comprise HHV6 (4/7), HSV-1
(2/7) and EV (1/7). Reactive HSV-1 results were
provided by the commercial real-time assay, whereas
HHV6 and EV positivities were obtained via the
multiplex PCR assay. All specimens with detectable
viral nucleic acids, as well as unreactive specimens via
nucleic acid testing remained negative in
bacteriological cultures. In house assays for flavivirus,
phlebovirus, and enterovirus assays were negative in all
tested specimens. The clinical features and main
findings in individuals with detectable pathogens are
provided in Table 2 and Table 3.
The clinical outcome in individuals with detectable
pathogen, as well as in 88 with negative results was
favorable, with discharge from hospital without any
residual neurological problem. However, an individual
with preliminary diagnosis of meningitis succumbed to
the disease, whereas neurological sequel remained in an
individual presenting with encephalitis, after discharge.
No pathogen could be identified in both cases.
Discussion
Despite the global predominance of certain agents,
the etiology in virally-induced meningitis or
meningoencephalitis remains unknown in a significant
proportion of the cases. Rapid changes in the
geographical distribution and viral emergence in new
areas (Parechovirus, West Nile virus), in new hosts
(West Nile in humans) or in immunocompromised
patients further complicates precise laboratory
diagnosis in most hospital settings [14]. The purpose of
the present study was to investigate frequent as well as
rare viral causes of central nervous system infections in
two reference centers, located in Central Anatolia,
Turkey, employing a wide spectrum of in house and
commercially-available nucleic acid-based assays with
individual or multiplex targets.
The causative viral agent could be identified in 7
individuals within the study cohort, comprising CSF
specimens from 100 pediatric cases of central nervous
system infections of presumed viral etiology (Table 2).
Members of the Herpesviridae family, namely HHV6
and HSV-1, constituted the majority of the detected
agents (6/7, 85.7%). This finding is in accordance with
several global and local reports, where herpesviruses
including HSV types 1 and 2, Varicella-Zoster virus,
Cytomegalovirus, Epstein-Barr virus and HHV6 could
be detected, despite variations in study groups and
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detection methods [15-19]. The individuals, with
detectable HSV-1 DNA, 2 and 4-year-old female
children, presented with typical clinical (fever, seizure)
and laboratory findings (moderately elevated or <50
mg/dl CSF protein and normal glucose) [20] (Table 2).
A relatively high incidence of HHV6 infections
have been noted in the patients from both centers (4
individuals out of 7 being positive, Table 2). The wellknown presentation of the primary HHV6 infection,
Exanthem
subitum,
generally
occurs
in
immunocompetent children aged 6 months-3 years,
associated with febrile seizures with a peak incidence
especially in the second year of life progress to
encephalitis [21-23]. Central nervous system
manifestations, mostly observed as encephalitis, are
more frequent following virus reactivation usually
during immunosuppressive states [22]. The individuals
with detectable HHV6 DNA in CSF were
immunocompetent and all presented with typical
clinical and CSF findings, except for a 4-month old
infant presenting mainly with meningitis accompanied
by diarrhea and upper respiratory tract symptoms and
decreased CSF protein (Table 2). In previously exposed
individuals with latent infection, HHV6 nucleic acids
can be detected in healthy brain tissue as well as in CSF
and may not be indicative of an infection. Thus, it is
suggested that a quantitative analysis, the detection of
lytic mRNAs or viral integration and simultaneous
screening of serum in addition to CSF provides better
evidence for an ongoing neuroinvasive infection
[7,24,25]. Although this could not be proven in the
individuals we have identified, the age, medical history
and clinical presentation strongly suggests a primary
infection or recent exposure.
In addition to herpesviruses, we have identified EV
RNA in a one month-old infant, presenting mainly with
meningitic symptoms (Table 2). EV are reported to be
among the most frequently-identified agent of virallyinduced aseptic meningitis and standard as well as shell
vial cell cultures can also be employed, as well as
amplification-based nucleic acid assays for diagnosis
[26]. If investigated via these assays, EVs can be readily
identified in diagnostic settings [27]. For this study, we
have developed and optimized an in house generic PCR
for EV detection. Moreover, clinical specimens were
tested via the real time multiplex PCR assay that also
targets EV. The single positive EV result (weak
positivity) was provided by the multiplex assay where
the in house assay remained negative. Several factors
may have contributed to this observation, such as
processing of the different aliquots, relative difference
in assay sensitivities. Moreover, low EV viral loads
576
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have been documented in CSF an affected individuals
and parallel testing of a plasma specimen is
recommended to prevent false negativity [28,29].
However, we have also noted discrepant assay results
for HSV-1 detection, as positive results were provided
by the specific real-time PCR only. These findings can
also be attributed to the issues described above. Since
we have not aimed for a comprehensive evaluation of
the assays and the study design have shortcomings for
this purpose, the precise factors affecting assay
performance could not be fully elucidated.
Nevertheless, the combination of the assays we
employed in this study were well-suited to overcome
the major inherent problems of nucleic acid testing in
diagnostic settings and could successfully detect the
targeted agents.
Besides viruses, we have identified a bacterial
etiology in the central nervous system infections in 3 of
the evaluated individuals in CSF via the real time
multiplex PCR assay (Table 2). These findings were
confirmed by standard CSF culture methods, which
constitute the mainstay of laboratory testing in the
majority of the diagnostic service providers. The
identified bacteria are frequently-detected agents of
community-acquired central nervous system infections
presenting as meningitis [18,30]. Compared to routine
culture isolation methods, nucleic acid testing has the
advantage of providing early information about nature
of the causative agent, thus, facilitating the optimal use
of empirical therapy regimens. However, isolation and
culture-based assays are required for the antibiotic
resistance testing and a precise characterization of the
most bacterial and fungal pathogens. Therefore, a
combination of nucleic acid assays and isolation
methods, along with intrathecal antibody testing may be
utilized for an optimized diagnostic strategy [31].
Despite the combination of various nucleic acid
assays, the etiology in 90% of the individuals could not
be identified in this study. It is documented that the
etiology in encephalitis/meningoencephalitis remain
obscure in up to 85% of the cases worldwide and
significant regional variation can be observed in both
the recognized causes and the number of undiagnosed
cases [32]. Although we could cover a significant
spectrum of frequent and rare microbial agents by the
employed assays, bacterial infections such as
tuberculosis, brucellosis and viral infections by
bocavirus, metapneumovirus, previously identified as
etiological agents in Turkey [33-35], were not included
in the current testing algorithm. Furthermore,
noninfectious causes of encephalitis, including postinfectious and immune-mediated syndromes must be
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considered and ruled out via appropriate tests [31]. An
appropriate specimen collection is also vital for a
successful identification of the causative infectious
agent. Obtaining a follow-up CSF specimen might be
necessary when the initial specimen is PCR negative
[31]. We have also not employed serological
diagnostics in this study. Despite providing
epidemiologically-relevant data based on previous or
recent exposures, serology can be limiting during
screening for a wide spectrum of agents, as performed
in this study. Lack of standardized assays for all
probable agents, requirement of complex assays such as
viral neutralization and demonstration of intrathecal
antibody synthesis for definitive diagnosis in certain
infections are the main shortcomings of the serological
approach to diagnosis in our setting. Therefore, we
aimed to maintain a broad target spectrum via an arsenal
of nucleic acid assays, performed on CSF specimens.
Conclusion
In conclusion, this study was carried out to
determine the agents of viral meningitis and
encephalitis in our region, and epidemiological data
were obtained even if the positivity rate was low. The
causative identified agents of the patients were herpes
(HSV1, HHV6) and enteroviruses. Besides HSV1,
HHV6 and enteroviruses are rarely tested in clinical
laboratories for CNS infections in Turkey. Since these
agents may also have a role in CNS infections, they
should be evaluated in diagnostic algorithms. It is very
important to determine the etiology of viral meningitis
and encephalitis infections and establish a rapid
diagnosis, since the infection progresses rapidly and
treatment should be given immediately. Therefore,
more studies are needed to investigate the etiology of
these infections.
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