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Abstract

Introduct ion:  The literature points to several viruses associated with brain 
carcinogenesis, including gliomas.

Aim:  ����������������������������������������������������������������������������The aim of this study was to assess the presence of several viruses in glio�
mas and plasma from patients with brain tumor and the possible association of 
viral positivity with the clinical course.

Mater ia l  and  methods :  ���������������������������������������������������The study group consisted of 37 patients with glio�
mas who were subjected to surgery. Mean patient age was 54.59 (SD 15.85) years. 
The presence of viral DNA was assessed using real-time polymerase chain reaction.

Resul t s  and  d i scuss ion:  ���������������������������������������������We did not confirm any BK virus, John Cunnin�
gham virus, or human adenovirus-positive gliomas. The percentage of patients 
with gliomas positive for Epstein-Barr virus (EBV), cytomegalovirus (CMV), and 
human herpesvirus (HHV) 6 and 7 was 18.9%, 8.1%, 2.7%, and 10.8%, respecti�
vely. We did not confirm the co-occurrence of glioma and plasma viral positivity. 
Fisher’s test did not reveal the influence of viral infection on the risk of death. 
We did not detect any differences regarding sex, WHO classification of gliomas, 
or the functional impairment evaluated by the Karnofsky scale index at admis�
sion to the hospital in the group of patients positive or negative for EBV, CMV, 
or HHV6.

Conc lus ions :  We cannot confirm an association of the investigated viruses with 
gliomas.
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1. INTRODUCTION

Gliomas account for approximately 60% of all primary cen�
tral nervous system (CNS) cancers.1,2 These tumors are typed 
as astrocytic, oligodendroglial, or rare mixed oligodendro�
glial-astrocytic, and World Health Organization (WHO) 
classification grade II (low grade), III (anaplastic), or IV 
(glioblastoma). Circumscribed gliomas mainly correspond 
to pilocytic astrocytomas (grade I), and ependymal tumors 
(WHO grade I, II, or III).3 Gliomas have poor prognosis 
depending on tumor morphology, biology, extent of tumor 
resection, age at diagnosis, and Karnofsky performance sta�
tus.1,4 The Karnofsky performance scale index is an 11-point 
scale for assessing functional impairment. The score ranges 
from 100 (normal functioning) to 0 (dead).5 Recently, in�
creasing emphasis has been placed on the association of 
viral infections and gliomas. Infections are estimated to ac�
count for up to 20% of all cancer cases worldwide.6 Viruses 
may act by generating genomic instability, increased cell 
proliferation, induced resistance to apoptosis, modulation 
of the DNA repair mechanism, or by other alterations in in�
tracellular signaling pathways. They could also compromise 
the antiviral immune response or induce chronic inflam�
mation. Viruses have been shown to modify the malignant 
properties of tumors, influencing the prognosis of the dis�
ease.6,7 Previous studies point to several viruses associated 
with brain carcinogenesis, but results are controversial.1,7–13

2. AIM

The aim of the present study was to assess the viral pres�
ence of Epstein-Barr virus (EBV), human cytomegalovirus 
(CMV), human herpesvirus (HHV), BK virus (BKV), John 
Cunningham virus (JCV), and human adenovirus (HAdV) 
in gliomas and plasma from patients with brain tumor who 
were subjected to surgery, and to assess the possible associa�
tion of viral positivity with the clinical course. 

3. MATERIAL AND METHODS

We enrolled 37 patients in this prospective study, 22 men 
(59.5%) and 15 women (40.5%) with gliomas that were oper�
ated between March 2018 and April 2019. During observa�
tional period lasted until May 2020, 20 patients died due to 
cancer progression. 

Tissue samples were collected during surgery. Blood 
samples were taken before the operation. All tissues re�
moved during the operation were examined by pathologist, 
who diagnosed them according to WHO classification of 
gliomas. For each patient, the collected data included sex 
and age, histomolecular classification of gliomas according 
to the WHO, and the results of the assessment of functional 
impairment using the Karnofsky scale. 

3.1.  Analytical  methods
Isolation of DNA from tumor tissue was performed using 
the NucleoSpin Tissue Kit (Macherey-Nagel, Düren, Ger�
many) according to the manufacturer's instructions. The 
method was previously described.14 Viral nucleic acids were 
isolated from plasma using EZ1 Virus Mini Kit v2.0 (Qia�
gen, Hilden, Germany) according to the manufacturer's 
instructions with a BioRobot EZ1 device (Qiagen, Hilden, 
Germany). Quality and quantity control was done using 
an ND-1000 spectrophotometer (NanoDrop Technologies, 
Wilmington, Delaware, USA). 

The number of EBV, CMV, BKV, JCV, HAdV, HHV-6, 
and HHV-7 copies in the tissue and the viral copy number 
in plasma were assessed by the real-time polymerase chain 
reaction������������������������������������������������ (RT PCR) method using the diagnostic test Gene�
Proof PCR Kit (GeneProof, Brno, Czech Republic) accord�
ing to the manufacturer's instructions. The reaction was run 
with amplification profile: 2 minutes at 37°C, 10 minutes at 
95°C, 45 cycles of 5 s at 95°C and 40 s at 60°C, 20 s at 72°C. 
The viral load was automatically calculated by the ABI7500 
analyzer (Applied Biosystems, Foster City, USA) relative to 
the standard curves. 

3.2.  Statistical  analysis
Statistical analyses were performed using R statistical 
package, v. 3.6.0. Descriptive statistics were generated us�
ing standard parameters: percentage, mean and standard 
deviation, and median and range (minimum–maximum). 
Fisher’s exact test was used for categorical variables. Be�
tween-group differences were analyzed using the Mann-
Whitney U test. Survivability curves were plotted using the 
Kaplan–Meier estimator. Results were considered signifi�
cant when P < 0.05.

4. RESULTS

The characteristics of the patients are presented in Table 1. 
We did not confirm any BKV, JCV, or HAdV-positive 

gliomas in the investigated group. We identified one HHV6-
positive glioma sample, without the cooccurrence of virus 
in the plasma. HHV7-positive gliomas were confirmed 
in 4 patients, with co-occurrence in plasma in 1 of them. 
EBV-positive gliomas were found in 7 patients, with plasma 
virus positivity in 2 of them. CMV-positive gliomas were 
confirmed in 3 patients, with co-occurrence in plasma in 2 
of them. We did not find any of the investigated viruses in 
plasma without their presence in the glioma. 

The proportion of patients positive and negative for each 
of the investigated viruses in the glioma and plasma, among 
the whole group and in survivors vs. deceased, are shown in 
Table 2. We did not find an influence of viral positivity in 
glioma or plasma on the risk of death. 

Kaplan-Meier survival curves for patients positive or 
negative for CMV and EBV in glioma are shown in Figure 
1 and 2, respectively. Log rank test revealed a lower prob�
ability of survival among patients positive for CMV com�
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pared with the negative (P = 0.042). However, it was not 
confirmed by the Fisher test. None of the patients positive 
for CMV in the glioma survived the observation period. The 
probability of survival did not differ significantly between 
the groups positive and negative for EBV in glioma (log 
rank test, P = 0.087), but the probability of survival in the 
group positive for EBV in the glioma was lower comparing 
to the negative group over the observation period. 

We did not find any differences regarding sex, WHO 
classification, or functional impairment when comparing 
the patients positive or negative for EBV, CMV, or HHV7 in 
glioma or plasma. HHV6 was not examined due to the low 
number of positive samples. We also did not find any differ�
ences regarding these parameters in the group of patients 
positive or negative for any virus in the glioma or plasma. 

5. DISCUSSION 

Increasing evidence indicates an impact of viral infections 
on cancer development, but data for gliomas are conflict�
ing. We aimed to examine the presence of selected viruses in 
gliomas and plasma among patients who underwent surgery 
due to brain tumor. We did not find BKV, JCV, or HAdV-
positive gliomas among the investigated group; therefore 
we did not further examine their presence in plasma. Other 

researchers revealed that these viruses are rarely found in 
brain tumors, what is in line with our results.15–18 However, 
Delbue et al.10 showed the presence of JCV DNA and BKV 
DNA in 40.6% and 9.4% of tested brain tumor samples, re�
spectively. This is the first study examining the presence of 
HAdV in glioma. HAdV infection could promote the forma�
tion of glioma stem cells (GSCs). GSCs contribute to tumor 
propagation and treatment resistance, and could play a piv�
otal role in glioma development in humans.19

Table 2. Presence or absence of viral load in gliomas and pla-
sma based on patient survival.

Factor
copies/mL Parameter

Whole 
group*  
n = 37

Survivors* 
n = 14

Died*  
n = 20 P value

Gliomas

EBV
Yes 7(18.9) 1(7.1) 5(25)

0.3636
No 30(81.1) 13(92.9) 15(75)

CMV
Yes 3(8.1) 0(0) 3(15)

0.2513
No 34(91.9) 14(100) 17(85)

HHV6
Yes 1(2.7) 0(0) 1(5)

1
No 36(97.3) 14(100) 19(95)

HHV7
Yes 4(10.8) 3(21.4) 1(5)

0.283
No 33(89.2) 11(78.6) 19(95)

Any viral 
positivity

Yes 12(32.4) 4(28.6) 7(35)
1

No 25(67.6) 10(71.4) 13(65)
Plasmas

EBV
Yes 2(5.4) 0(0) 2(10)

0.5009
No 35(94.6) 14(100) 18(90)

CMV
Yes 2(5.4) 0(0) 2(10)

0.5009
No 35(94.6) 14(100) 18(90)

HHV6
Yes 0(0) 0(0) 0(0)

1
No 37(100) 14(100) 20(100)

HHV7
Yes 1(2.7) 1(7.1) 0(0)

0.4118
No 36(97.3) 13(92.9) 20(100)

Any viral 
positivity

Yes 4(10.8) 1(7.1) 3(15)
0.6272

No 33(89.2) 13(92.9) 17(85)

Comments: All P values are calculated with the Fisher test; * numbers 
are given as n(%).

Figure 1. Kaplan-Meier survival curves for patients posi-
tive or negative for CMV in the glioma.

Table 1. Patients characteristics. 

Factor ...................

Sex, n(%)

Female 15(40.5)

Men 22(59.5)

Age, y

N 37

Mean (SD) 54.59 (15.85)

Median (Q1–Q3) 57 (40–67)

Range 29–81

WHO classification, n(%)

G I 1(2.7)
G II 3(8.1)
G III 4(10.8)

G IV 29(78.4)

Karnofsky performance scale index, n(%)

N 34
0 20(58.8)
20 1(2.9)
30 1(2.9)

50 1(2.9)

80 3(8.8)

90 8(23.5)

Median(Q1–Q3) 0(0–80)
Range 0–90



145 Pol Ann Med. 2022;29(2):142–147

The rest of the investigated viruses belong to the fam�
ily of herpes viruses. The CNS is suggested to be the site 
of latent HHV6 infection. HHV7 is an ‘orphan’ virus, with 
no known diseases attributed to it, but recent evidence 
suggests that it may be associated with CNS diseases.20 
Some studies have suggested the association of HHV6 
with human gliomas, with a positivity rate 40%–50% de�
pending on the histological profile of the glioma.21 In the 
study conducted by Crawford et al.12 the rate of HHV6 
positivity was statistically higher than in non-tumor con�
trol brain tissue collected at autopsy. But Lin et al.13 found 
no significant difference between the positivity of HHV6 
rate in gliomas and non-neurological controls, which is in 
line with our results. This is the first study examining the 
association between HHV7 and glioma. We found a posi�
tivity rate of HHV7 in human gliomas of approximately 
10%, which is rather low.22 Therefore, the association be�
tween HHV6 and HHV7 infection and human gliomas 
is doubtful. We also did not confirm the coexistence of 
virus positivity in glioma and plasma, the association of 
HHV7 positivity with WHO classification of gliomas and 
Karnofsky scores, or the influence of virus positivity on 
prognosis.

EBV is associated with human proliferative diseases 
involving lymphoid and epithelial cells.23 Akhtar et al.1 
analyzed 10 studies on EBV in gliomas. The rate of EBV-
positive samples was between 0% and 28% in high grade 
gliomas. In one study, 55% of low grade glioma sample were 
EBV-positive. In our study, almost 19% of tissue samples 
were EBV-positive, which is similar to the results of most 
of the studies analyzed by Akhtar et al.1, but we did not find 
any correlation between EBV positivity and glioma grade. 
Our results are also in line with the results of Limam et al.,24 
who reported that 24% of gliomas were EBV-positive and 
found a possible association of EBV infection with the worst 
patient prognosis. Based on our results, we agree with the 
conclusion that EBV is present in gliomas, but a conclusive 
association is not obvious.

Data regarding the association between CMV and glio�
mas are also conflicting. Farias et al.25 conducted a meta-
analysis to summarize the results on the association be�

tween CMV and gliomas. The estimate of combined CMV 
frequency in patents with gliomas was 63% and there was 
an association between CMV and gliomas, including viral 
markers pp65 protein and nucleic acid. Their results were 
in line with those of Xing and al.,26 who confirmed the pres�
ence of CMV pp65 protein and viral DNA in 65.8% and 
54.4% of investigated gliomas, respectively. However, their 
results differ in terms of the relationship between CMV 
positivity and the grade of glioma. Farias et al.25 did not 
confirm the correlation of CMV positivity with the his�
tological subtype and grade of glioma. Despite these con�
firmatory reports regarding an association between CMV 
and gliomas, a growing number of studies, including our 
data, support the opposite. We found CMV DNA in only 
3 patients (8%) in the whole study group. Zavala-Vega et 
al.27 confirmed CMV in 4.8% of patients, but they only 
analyzed patients with glioblastoma multiforme. Other re�
search did not confirm the presence of CMV in gliomas, 
especially glioblastomas.13,22,28,29 CMV positivity in gliomas 
in our study could result from the reactivation of previous 
latent infection in the patient during the course of the can�
cer. Lack of a relationship between WHO classification of 
gliomas, Karnofsky scores, or the absence of CMV DNA 
in plasma from patients without glioma positivity could 
possibly support this hypothesis. However, Kaplan-Meier 
curves, but not the Fisher test, revealed that patients posi�
tive for CMV in gliomas had worse prognosis than those 
who are CMV-negative. The reason could be the reactiva�
tion of previous latent infection. In patients with glioma, 
reactivation of CMV after cancer therapy is associated with 
neurological deterioration and poor prognosis.30

Due to the low number of patients positive for particular 
viruses, we decided to analyze the impact of positivity for 
any of the investigated viruses, in both glioma and plasma, 
on the risk of death. We did not detect any impact. Viral 
positivity also did not correlate with the glioma grade or 
Karnofsky score. 

6. CONCLUSIONS

(1)	There is no association of the investigated viruses with 
gliomas. 

(2)	The rate of EBV-positive samples was almost 19%, but it 
could possibly originate from infiltrating B cells.21 

(3)	CMV or EBV glioma positivity could worsen a patient’s 
prognosis. 
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Figure 2. Kaplan-Meier survival curves for patients posi-
tive or negative for EBV in the glioma
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