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Abstract. Background: the association between infectious
agents and tumour aetiology is relevant in about 20% of
cases. Patients and Methods. We tested high-grade glioma
tissues from 45 patients for the presence of viral nucleic
acids of six herpes viruses, human adenoviruses (A-G), and
two neurotropic human viruses (enteroviruses, tick-borne
encephalitis virus). Real-time polymerase chain reaction was
used with immunolabelling. Results: Three species of herpes
viruses were detected: HSV-2, Epstein-Barr virus (EBV),
HHV-6, and one human enterovirus. Plasma of these patients
was not infected with viruses. In sera of patients, low HSV-
1 and HSV-2 immunoreactivity were found in five cases,
although these were not detected in their tumour tissue.
Conclusion: Certain common viruses (HSV-1, HSV-2, EBV,
human cytomegalovirus) are chronically present in the sera
of patients with glioblastoma, but not necessarily in their
tissues. Possibly both are associated with glioma
progression, as we only found viruses in glioblastoma
multiforme, but not in lower stages of glioma. Low titres of
viruses in the blood indicate chronic viral virulence.

Gliomas are the most common malignant brain tumours, and
they comprise of glioblastoma (GBM; WHO grade 1V),
anaplastic astrocytoma, mixed anaplastic oligoastrocytoma,
and anaplastic oligodendroglioma (all WHO grade III) (1, 2).
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The highest incident rate is for GBM, which is associated
with particularly poor prognosis (3), with only 27% of
patients reaching 2-year survival (2). Aetiologically, a
confirmed risk factor for glioma is exposure to ionizing
radiation (4-7). The association of infectious agents with
neoplasms, such as mycoplasma, viruses and bacteria, has
only been considered recently (8). The most common and
prevalent cancer-causing DNA viruses are human
papillomaviruses 16 and 18, Epstein-Barr virus (EBV),
Kaposi sarcoma-associated herpes virus (KSHV), hepatitis B
virus, hepatitis C virus, human adult T-cell leukaemia virus
type 1, and Merkel cell polyomavirus (9). In primary
malignancies of the central nervous system (CNS),
polyomavirus and herpes virus have been detected with
varied frequencies in paediatric patients and adults with
histologically diverse CNS malignancies. However,
establishing a link between chronic viral infection and
primary CNS malignancy has been an area of considerable
controversy (10, 11). The most commonly reported
associations for tumours in the brain have been with
polyomaviruses, such as John Cunningham virus (JCV), BK
virus (BKV), and simian virus 40 (SV40) (12-14), although
two studies in a large patient cohort of 225 paediatric and
adult brain tumour tissues revealed relatively low JCV, BKV
and SV40 frequencies (15). The second most common
associations are with herpes viruses, which have comprised
herpes simplex virus 1 and 2 (HSV-1, 2/HHV-1, 2), varicella
zoster virus (VZV/HHV-3), EBV(/HHV-4), human
cytomegalovirus (HCMV/HHV-5), and human herpes viruses
6,7,and 8 (HHV-6, 7, 8) (10). Since Cobbs and co-workers
first described the potential association between HCMV and
malignant glioma in 2001 (16), which is believed to
modulate the malignant GBM phenotype (17), no consensus
has yet been reached (18-22). This is partly due to the
inadequate testing of HCMV by standard diagnostic assays
(23) and partly to large variations in the HCMV
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seropositivity of related ethnic groups (21, 24). A meta-
analysis of 16 reports by Salomon ez al. (25) confirmed the
concept that there is no clear-cut evidence for a role of
HCMYV in GBM tumorigenesis. Similarly, specific roles of
other herpes viruses in glioma initiation have not been
demonstrated to date (11, 26-30).

Adenoviruses were also found to be associated with CNS
malignancies (31). In the present study, human enteroviruses
(hEV) and tick-borne encephalitis virus (TBEV) were
included, as they are both neurotropic, although not
oncogenic, in order to define their possible association with
brain tumours. TBEV can cause the relatively common
flaviviral infection in Europe, including Slovenia (32), and
Palus et al. (33) reported on the link between TBEV infection
and astrocyte injury. Taken together, the presence of this
plethora of viruses in glioma, their carcinogenic activities,
and their roles in glioma progression all remain unclear.

Here, we aimed to test 45 tissue samples from patients
with high-grade glioma (HGG) for the presence of the
oncomodulatory viral nucleic acids of six herpes viruses,
human adenoviruses (species A-G) and neurotrophic hEV,
and TBEV. In addition, the serum samples from 30 out of
these 45 patients were tested for the presence of antibodies
against HSV-1, HSV-2, TBEV, and hEV, based on their
ability to cause persistent infection, which was studied in
GBM for the first time here. To the best of our knowledge,
this is the first clinical study that has evaluated viral nucleic
acids in glioma tissue specimens and in the blood of the
same patients in the Slovenian region.

Patients and Methods

Patients. Patients from the Department of Neurosurgery, UCC
Maribor, Slovenia, who were undergoing neurosurgery for
malignant glioma from May 2013 to December 2015 were included
in the present study. Informed consent was obtained from the
patients, and the study was approved by the Medical Ethics
Committee, UCC Maribor, Slovenia (Document No. 123/13). Pre-
operatively, 8 mg dexamethasone twice daily was administered.
The patient personal and clinical data were obtained through
interviews and their medical records. The data collected included
patient age, sex, date and type of operation, tumour location, and
preoperative C-reactive protein (CRP) level. The histological slides
of all cases were reviewed by two pathologists and classified
according to WHO (34).

Tissue sample preparation. Forty-five tumour tissue samples were
obtained during craniotomies for tumour reduction (26/45) or during
stereotactic biopsies (19/45). Histological diagnoses were initially
made during surgery, on frozen tissue sections by staining smear
preparations with methylene blue. Serial biopsy specimens were
obtained stepwise along the trajectory through the entire lesions.
Fresh tumour fragments were immediately transferred to
physiological solution and kept at 4°C until they were processed,
within 24 h for viral analysis. The remaining tissue fragments were
fixed in formaldehyde for histological analysis.
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Serum analysis. Patient peripheral venous blood samples were taken
in K2 EDTA tubes before surgery. CRP was measured in the serum by
turbidimetry (Hitachi 912 analyser; Boehringer Mannheim, Germany).
The preoperative CRP values were defined as low (<5 mg/l) or high
(>5 mg/l). In 30 cases, the blood samples were tested for the presence
of antibodies against specific viruses.

Extraction and detection of viral DNA/RNA in tissue. Nucleic acids
were extracted from tumour tissues using RTP® DNA/RNA virus
mini kits (Stratec Biomedical AG, Germany), according to the
manufacturer’s instructions. Briefly, disruption of the tissues and
cells was performed with non-chaotropic lysis buffer and proteinase
K. This followed by DNA/RNA adsorption to filter membranes and
removal of the cell components and polymerase chain reaction
(PCR) inhibitors using washing buffers. The viral nucleic acids were
eluted in 60 pl elution buffer and stored at —20°C.

Viruses were detected with commercial and in-house real-time
PCR kits. A portion of the DNA from six herpes viruses was
amplified using LightMix® kits (TIB Molbiol GmbH, Berlin,
Germany), following the manufacturer instructions (Figure 1).
Detection of HSV-1/-2 was based on the amplification of a 215 bp
fragment of the polymerase gene, containing a variable region,
which is used for the differentiation between HSV-1 and 2 based on
melting analysis. Using the same PCR kit, a 196 bp of orf29 gene
of VZV was amplified but the fluorescence was read in different
channel (705 nm). For EBV, HCMV and HHV-6 a portion of ebna
gene (166 bp), viral glycoprotein B gene (UL5S5; 226 bp) and 101K
gene (U11; 272 bp) are amplified, respectively. For all LightMix
kits, the detection of viruses is based on the amplification with
hybridization probes, which allows melting analysis to confirm the
obtained results. Temperature profiles for reactions are different for
each of the detected viruses, as described in (http://www.tib-
molbiol.de/index.html).

PCR kits (RealStar® Adenovirus 1.0; Altona Diagnostics,
Hamburg, Germany) were used for detection of human adenovirus,
including the seven virus species from A to G. The manufacturer
did not reveal the part of the genome amplified by the kit and stated
that the amplification and detection of adenoviruses is based on the
use of the dual labelled hydrolysis probes.

Human enterovirus and TBEV RNAs were amplified using in-
house-validated PCR assays. The protocol for the detection of TBEV
has been described previously (35) and it is based on the
amplification of 3’ non-coding region of the TBEV genome with
primers F-TBEl: GGG CGG TTC TTG TTC TCC and R-TBEI:
ACA CAT CAC CTC CTT GTC AGA CT and probe TBE-P-WT:
6FAM-TGA GCC ACC ATC ACC CAG ACA CA-DB. Enteroviral
RNA was detected using primers and dual labelled hydrolysis probe
for amplification of 200 base pair in the 5’ non-coding region. Primers
and probe sequences were: hEV-S: GGC TGC GTT GGC GGC CT,
hEV-As: CAA AGT AGT CGG TTC CGC, hEV-P: 6FAM-GGC CCC
TGA ATG CGG CTA ATC-BBQ. All primers and probes listed have
sequence orientation of 5" to 3’. Both PCRs were performed with the
QIAGEN One-Step RT-PCR Kit (Qiagen, Hilden, Germany), which
included enzymes Sensiscript and Omniscript reverse transcriptases
and HotStarTaqg DNA polymerase. Cycling was performed under
following conditions: 50°C for 30 min, 95°C for 15 min, followed by
45 cycles of 95°C for 10 s and 60°C for 40 s. Fluorescence was read
in the green channel (530 nm). PCR reactions were run on PCR
cyclers (Rotor Gene Q; Qiagen, Hilden, Germany; and LightCycler
2.0; Roche Diagnostics, Indianapolis, IN, USA).
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Figure 1. Amplification plot and standard curve from commercial LightMix PCR kits used for detection of herpes viruses.

To avoid false-positive results because of contamination, negative
controls were included in PCR runs. When specific viral targets
were amplified, the assays were performed in independent duplicate.

Quantification and sequencing of viral DNA. Detected herpes viral
DNA was quantified using LightMix® kits, allowing for
quantification of the amplified DNA, expressed as target molecules
or copies per 5 ul DNA, based on the amplification curve. Where
applicable, nucleotide sequences were retrieved from amplicons by
Sanger sequencing by a genetic analyser (model 3500; Applied
Biosystems, Foster City, California, USA), using BigDye®
Terminator v3.1 Cycle Sequencing kits. The amplicons were
obtained using previously published protocols (36, 37).

Detection of circulating viral antibodies. Patient sera samples were
tested for the presence of antibodies against HSV-1, HSV-2, TBEV,
and hEV. The antibodies were detected using commercial enzyme
immunoassays (ELISA) (Enzygnost anti-FSME-IgG; Siemens
Healthcare GmbH, Erlangen, Germany) for TBEV, and complement
fixation tests (CFT) (Virion/Serion, Wiirzburg, Germany) for HSV
and hEV.

IgG and IgM antibodies against TBEV were analysed in 100 ul
serum in 1:20 dilution in sample buffer in plates coated with the
TBEV antigen. The assays were performed automatically in a BEP
IIT system (Siemens Healthcare GmbH, Erlangen, Germany). For
detection of IgM, sera were pre-treated with an RF absorbent
reagent to avoid false-positive results. The data are given as IgG
concentrations (IU/ml), as provided by the BEP III system. Specific
antibodies against HSV and hEV were detected by CFT. Serum
dilutions (1:10 up to 1:160) were first subjected to 30 min
incubation at 56°C to inactivate endogenous complement, which
may disturb the test calibration. The test is performed in microtiter
plates where mixture of antigen, complement and indicator system
is added. In the absence of immune complexes formation, a
haemolysis reddish clear solution indicated negative result, whereas
a cluster of red cells due the presence of immune complexes
indicated a positive result.

Statistical analysis. Descriptive statistical methods (e.g. median,
frequency tables) and independent Student’s #-tests were used for
defining any correlations between the viral DNA/RNA and the
patient data.
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Table 1. Demographic and clinical data of glioma patients and the levels of the nine tested viruses in their tissues and sera.

Case no. Age Gender  Surgery Location/ WHO Pre-op Post-op Tissue Viral conc. Serum
(years) side grade CRP (mg/l) CRP (mg/1) rt-PCR (c/5 wl DNA) CTF

1 55 F SB Fi III <3 - Neg Neg

2 60 M SB CcC 111 19 <3 Neg Neg

3 61 M SB O/r III 11 - Neg Neg

4 52 F Cr P/l III 11 5 Neg Neg

5 66 F SB F/l 111 3 8 Neg HSV1,2*

6 22 M SB Thal/l 11 3 3 Neg -

7 64 M SB CC I 34 27 Neg -

8 34 F Cr E-P/l 111 6 12 Neg -

9 70 M SB T-O/r 11 3 3 Neg -

10 43 M SB Fi I 3 3 Neg -

11 65 M SB F/l 111 3 3 Neg -

12 75 M SB T-P/1 11 3 - Neg -

13 37 F Cr Fi v <3 24 HSV2 1.37 Neg

14 59 F Cr F, Thal, BG/r v 12 27 HHV6 0.29 Neg

15 68 F Cr T-P/r v 11 22 EBV 1.58 Neg

16 63 M Cr Fi v <3 3 Neg Neg

17 62 M SB F/l+r v <3 9 Neg Neg

18 73 F SB CC v <3 - Neg Neg

19 71 M Cr T/t v <3 21 Neg Neg

20 60 F Cr O/r v <3 <3 Neg Neg

21 38 M SB P/r v <3 - Neg Neg

22 81 F SB O/r v 7 4 Neg Neg

23 77 M Cr P-T-O/r v <3 11 EBV 0.89 Neg

24 60 M Cr T/ v <3 31 HHV6 - Neg

25 51 F SB CC v <3 - Neg Neg

26 32 F Cr O/r v 4 6 Neg Neg

27 86 F Cr O/r v 14 46 Neg Neg

28 74 F SB O/r v <3 - Neg Neg

29 67 F Cr O/r v 96 51 Neg Neg

30 59 F Cr P-O/1 v 27 12 Neg HSV1,2%*

31 39 F Cr TN v 3 3 Neg HSV1,2%*

32 74 M Cr F/l v 61 66 Neg HSV1,2%%*

33 46 F Cr T-P/r v <3 6 Neg HSV1,2%*

34 75 F SB T-P/r v 34 13 Neg -

35 53 F Cr T-P/r v 6 16 Neg Neg

36 38 M Cr Cer/l v 3 - Neg -

37 74 F Cr T-P/r v 3 23 hEV - Neg

38 33 M SB P/l v 4 - Neg hEV**

39 66 M Cr T-P/1 v 3 3 EBV 27.19 Neg

40 65 M Cr Fi v 3 28 Neg -

41 54 M Cr EF-P/l v 3 3 Neg -

42 39 M SB P/l v 3 4 Neg -

43 54 F Cr P-O/1 v 3 12 Neg -

44 43 F Cr Fir v 3 3 Neg -

45 59 F Cr F/1 v 3 6 Neg -

Conc. (c/5 ul DNA): number of herpes viral copies per 5 ul DNA; CTF: complement fixation test; F: female; M: male; Cr: craniotomy; SB:
stereotactic biopsy; F: frontal lobe; T: temporal lobe; P: parietal lobe; O: occipital lobe; Thal: thalamus; BG: basal ganglia; CC: corpus callosum;
Cer: cerebellum; I: left; r: right; neg: negative; —: no data; HSV-1: -2: herpes simplex virus-1: -2; HHV-6: human herpes virus-6; EBV: Epstein-
Barr virus; hEV: human enteroviruses; CRP: C-reactive protein; *1:20 dilution, **1:40 dilution.

Results

Patient demographics. Among 45 HGG specimens from 21
males and 24 females, 12 were classified as WHO grade 111
and 33 as WHO grade IV (Table I). The patient ages ranged
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from 22 to 86 years (median=60.0 years). With respect to the
locations of the tumours, most (n=38) cases affected the
cerebral lobe at frontal, temporal, parietal, or occipital sites,
with four located in the corpus callosum, two in the thalamus
/or basal ganglia, and one in the cerebellum.
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Table II. Detection of viruses in glioma tissue samples, grouped according to the clinical characteristics of the patients (n=45).

Patient characteristic Number Virus
(n)
HSV-1 HSV-2 VZV HCMV EBV HHV-6 AdV hEV TBEV

WHO grade

il 12

v 33 1 3 2 1
Gender

Male 21 2 1

Female 24 1 1 1 1
Age (years)

<20

20-39 9 1

40-59 12 1

60-79 22 3 1 1

80-86 2
Preoperative CRP (mg/1)

<5 31 1 2 1 1

>5 14 1 1

HSV-1, -2: Herpes simplex virus-1, -2; VZV: varicella zoster virus; HCMV: human cytomegalovirus; EBV: Epstein-Barr virus; HHV-6: human
herpes virus-6; AdV: adenoviruses; hEV: human enteroviruses; TBEV: tick-borne encephalitis virus; CRP: C-reactive protein.

Detection of viruses in tissue samples. To reveal the presence
of viruses in the HGG tissues, the viral nucleic acids
(DNA/RNA) were extracted directly from fresh resected
samples, amplified and subjected to analysis using commercial
real-time PCR Kits or in-house assays. Positivity was confirmed
by independent duplicate PCR runs, and the reactions were
considered valid as the internal control was amplified, and
hence no inhibitors were present in these DNA/RNA extracts.
In addition, no amplification was noted for the negative
controls, which excluded contamination. We selected nine
distinct viruses with oncogenic or neurotropic potential (Table
II). Overall, using real-time PCR, viral DNA/RNA was detected
in only seven out of 45 tissue samples tested (Table I). Three
species of herpes viruses were detected: HSV-2, EBV, and
HHV-6, and one hEV. These viruses were detected only in the
WHO IV samples. The presence of HSV-1, HCMV, and VZV
was not confirmed in any of 45 samples tested. DNA extracts
were also screened for the presence of six adenovirus subtypes,
A,B,C,D,E, and G, and TBEV, but none of these viruses were
detected in these samples from our cohort of patients.

Quantification of the amplified herpes viral DNA revealed
low viral copy numbers per 5 upl DNA (Table I).
Consequently, the nucleotide sequencing was successful only
for three EBV-positive samples, while HSV-2, HHV-6, and
hEV could not be sequenced. The 235-bp-long fragment of
the EBV BamM region was identical across three samples
sequenced, and provided a 100% match to the EBV strains
under Accession numbers KT823509, APO15016, and
others. The sequences were submitted to Gene Bank, and can
be assessed as Accession numbers (in progress).

Analysis of peripheral blood. The preoperative CRP values
in peripheral blood ranged from <3 mg/l to 96 mg/l1, and
they were low (<5 mg/l) in 31 patients and high (>5 mg/l)
in 14 patients. The high levels were detected in five out of
12 patients with WHO III grade tumour and nine out of 33
patients with WHO IV grade tumour (Figure 2). These
CRP data show no significant differences between WHO
grades III and IV.

The presence of antibodies against viruses in peripheral
blood of patients with HGG was determined by enzyme
immunoassays and complement fixation tests in 30 samples
(Figure 2). Five samples showed relatively low antibody
titres (1:40) against HSV, and one sample had a low
antibody titre (1:40) against hEV, as shown in Table I.
Antibodies against TBEV were not detected in any of these
samples tested.

Due to the relatively low frequency of positivity, statistical
analyses of the viral infections in this group of patients were
not performed, although we speculate on some of the trends,
as discussed below.

Discussion

In their recent review, White et al. indicated at least seven
viruses that have been causally linked to human oncogenesis,
stating that viruses can be involved in both tumour initiation
and tumour progression (9). In general, DNA viruses affect
cells by binding of the viral proteins to tumour-suppressor
genes, and they also produce dsRNA-binding proteins that
can act as suppressors of RNA silencing, thereby favouring
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tumour development. Pro-oncogenic modulation is a typical
characteristic of herpes viruses, for example with HSV-1,
EBV, HCMYV, and KSHV, and it is tumour-type specific (38).

Viruses can also change the host miRNA expression
patterns, and make the infected cells more prone to
oncogenic transformation. Previously, we identified 11 viral
miRNAs that were differentially expressed in the plasma of
patients with GBM, compared to those of healthy volunteers
(39). These viral miRNAs induced signalling were mostly
related to impaired immune responses in the progression of
GBM. Six of these belonged to EBV miRNAs, and the rest
were of HSV, KSHV, and HCMV origin. Therefore, in the
present study, we analysed 45 patients with HGG for the
presence of these and additional viral DNA of six herpes
viruses (HSV-1, HSV-2, VZV, EBV, HCMV, HHV-6), human
adenoviruses (A-G), hEV, and TBEYV, which were measured
in tumour tissues and plasma. In our cohort of patients with
HGG, we only detected one HSV-2, three EBV, and two
HHV-6 among the oncogenic viruses, and one hEV among
the two neurotropic viruses.

As latent viral neurotropism can be seen with a variety of
viruses and with widespread infection, i.e. there is
seropositivity among the population, it has been difficult to
establish any associations between viral infections and CNS
malignancy based on epidemiology alone (9). The HSV-1,
HSV-2, HCMV, and HHV-6 human herpes viruses are
currently attracting much attention as possible factors in
initiating human brain tumours (11). Wrensch er al. used
serological IgG antibody binding using ELISA assays to
demonstrate that about 80% (45/55) of their patients with
GBM were seropositive for HSV-1 and HSV-2 (26). This is
in line with the present study, where more GBM sera
samples were positive for HSV-1 and HSV-2, but no viral
RNA was detected in the tissues. In contrast, HSV-2 nucleic
acids were detected in one patient with GBM where the
serological study of the blood was negative. Taken together,
it is not clear if there is a correlation between tissue and
blood levels of HSV-1 and HSV-2 as a causative relation to
possible GBM initiation.

Human herpes virus-6 is widespread in the population,
and it is linked to persistent and most often asymptomatic
infection in humans. The two variants, HHV-6A and HHV-
6B, are recognized as two distinct viruses (40). HHV-6 PCR
positivity has been reported in 45% of patients with GBM
(14/31) (41), whereas Crawford et al. detected HHV-6 in
47% of patients from a large cohort of adult brain tumours
using nested PCR (42), confirming their previous data in a
series of paediatric primary brain tumours (43). Such
relatively high frequencies of HHV-6A and HHV-6B in
patients with HGG was not reflected in the present study,
with the detection of only two positive cases out of 45
patients. This discrepancy cannot be explained by a low
sensitivity of our detection method for this virus, as the real-
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Figure 2. Analyses of the peripheral blood in patients with glioma WHO
grades Il (a) and IV (b). The pre- and postoperative C-reactive protein
(CRP) values were measured in serum by turbidimetry and were
categorized as low (<5 mg/l) or high (>5 mg/l). In 30 cases, the sera
samples from patients were tested for the presence of specific antibodies
against four viruses. Specific antibodies against herpes simplex virus
-1, -2 (HSV-1, -2 and human enteroviruses (hEV) were detected by
complement fixation test (CFT).

time PCR used in the present study and the nested PCR used
in the previous reports (42, 43) have comparable
sensitivities. However, nested PCR is a method that is prone
to higher rates of contamination when compared to real-time
PCR (44). Recently, the potential roles of both HHV-6A and
HHV-6B in neuroinflammatory pathologies were reported,
and the mechanisms that might explain virus-induced
neuropathogenesis were reviewed by Reynaud et al., who
indicated the immunomodulatory role of viral infections
potentiating their oncogenesis in GBM (45).

Viruses evade host immune responses and a variety of
these strategies have been discussed elsewhere (9). In a
similar manner, tumours overcome immune surveillance
during their malignant progression, as has also been
demonstrated in the case of EBV infection, which is present
in about 90% of the world population. EBV has been
associated with selected human tumours, including Burkitt’s
lymphoma and Hodgkin’s lymphoma, and less frequently
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for some cases of gastric carcinoma and nasopharyngeal
carcinoma, depending on the geographic and ethnic
distribution of the populations (10, 29). In glioma, EBV was
detected in about 30% of samples (9/35) obtained from
patients with pilocytic astrocytoma (45). Recently, Fonseca
et al. studied 75 fresh frozen glioma tissues of different
histological subtypes using conventional PCR, and they
reported 14.7% prevalence of EBV DNA in WHO III (2/11)
and WHO IV (1/11) gliomas (29). Similarly, in the present
study, we found EBV DNA in three out of 45 tissues, but
not in the corresponding sera, possibly due to the very low
amounts of EBV. In general, low levels of viral RNA in
serum would indicate chronic infection, and in line with
this, we found numerous viral miRNAs in the sera of 16
patients with GBM (39). Presumably in tissues, miRNAs
allow for viral persistence and appear to inhibit cell-
mediated immunity, apoptosis, and the cell cycle, favouring
the latency of infection.

HCMYV is relatively widespread in immunocompromised
patients (11). The clinical relevance of HCMYV infection in
GBM pathogenesis has been investigated since 2002 (16,
25), but there has been no evidence to date for a role of
HCMYV in gliomagenesis. Our observations agree with this,
as no HCMV DNA sequences were found in these glioma
tissues.

Adenovirus variants have been detected by PCR in
different tumours, including GBM and some normal brain
samples (31). In the present study, none of the six adenovirus
subtypes was detected in the HGG tissues by PCR. The role
of adenovirus infection in primary CNS tumours thus
remains unclear.

The most interesting study of the role of VZV in brain
malignancy comes from epidemiological studies, which have
revealed possible inverse associations between VZV
infection and glioma risk (26, 27). Moreover, VZV DNA was
detected in two out of 35 pilocytic astrocytoma by Neves et
al. (46). None of the samples in the present study were
positive for VZV DNA.

Human enterovirus has not been investigated to date as far
as we are aware. We detected hEV nucleic acids in one GBM
sample, but not in this plasma of this patient. In contrast,
hEV was found in another GBM blood sample with low
preoperative and postoperative CRP levels. However, the
presence of hEV in HGG deserves further investigation, as
persistent hEV infections are most likely the cause of
meningoencephalitis (47). Another neurotropic virus without
known oncogenic potential is TBEV, which causes
encephalitis (48), but was not detected in any sample and is
therefore possibly not related to gliomagenesis.

In conclusion, to our knowledge this is the first study on
viral nucleic acids in glioma specimens linked also to their
presence in the blood of the same patients, in a population
of the Slovenian region. As nine distinct types of viruses

were tested simultaneously this allowed for more direct
comparisons. This, and our previous study on miRNA,
showed presence of RNA/DNA, miRNAs, and protein of
certain common viruses, namely HSV, EBV and HCMYV, in
the plasma of patients with GBM. Significantly higher
levels of HSV-1 and HSV-2 in sera versus other tested
viruses were found, but HSV did not infect the tumour
tissue of the same patients. Furthermore, as we detected
HSV-2 and hEV in the tissue, but not in the plasma of these
patients, it appears that there is no correlation between the
plasma and tissue levels. Possibly both are associated with
glioma progression, as we only found viruses in GBM, not
in the lower stages of glioma. Finally, low titres of viruses
in the blood do not indicate an acute infection, but rather
chronic viral virulence.
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