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Introduction
Glioblastoma (GB) is the most aggressive primary 

tumor of the brain and the most fatal malignant brain 
tumor in adults. It represents a surgical challenge due 
to its aggressive growth and spread along the white 
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SUMMARY – Introduction: Glioblastoma represents the most aggressive tumor of the brain 
with an estimated survival rate of twelve to fifteen months after the primary diagnosis. The role of 
neurotropic viruses in pathogenesis of the tumor has remained unclear to date. During the last two 
decades, many studies were conducted with the aim of confirming viral influence in the development 
of glioblastoma.

Methods: We conducted a retrospective study in a time period of five years using formalin-fixed 
paraffin-embedded tissues of glioblastoma. Immunohistochemistry was performed for three viruses: 
CMV, EBV and HSV-1, using an automated staining system. 

Results: Mean age of patients in our group was 66.7±8.5 years. A slight male dominance was not-
ed. Negative immunohistochemistry results were obtained for CMV and EBV, which were excluded 
from further investigation. Based on IRS score, we confirmed six HSV-1 samples which were rated as 
IRS score 2. Five more samples of HSV-1 were rated as IRS score 1 and were excluded from the study.

Conclusion: According to our retrospective study and its results, we found no impact of neurotrop-
ic viruses in the survival rate of glioblastoma. Further studies should be conducted including a wider 
range of viral detection methods.
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matter tracts. Aggressiveness of tumor is connected to 
its highly invasive nature, which results in abnormal 
vascularization and necrosis. The median survival rate 
after the final diagnosis has been estimated to be 12 to 
15 months, despite a variety of therapies available1,2. 
Additionally, many genetic disorders have been associ-
ated with the development of GB, such as Neurofibro-
matosis type I, Li Fraumeni syndrome and Multiple 
Endocrine Neoplasia type IIA3,4. Global incidence of 
glioblastoma is less than 10/100,000, i.e. 3.19/100,000 
adults each year in Europe and America5,6.

Factors which determine the outcome of glioblas-
toma treatment have already been defined, but during 
the last two decades dozens of studies have been con-
ducted to confirm the influence of neurotropic viruses 
(NTV) in the development of GB and its survival out-
come. The most common viruses associated with the 
brain tumors are the BK virus (BKV), John Cunning-
ham virus ( JCV), polyomaviruses and Simian virus 
(SV40)7-9. Also, human herpes viruses were recently 
thoroughly analyzed (10). Nevertheless, potential viral 
influence associated with tumorigenesis is still contro-
versial. The mechanism of encephalitis caused by her-
pes simplex virus (HSV) is well-established, as well as 
its role as an oncolytic virus in tumoral lysis10. Recent 
studies of viral influence in the pathogenesis of GB 
did not confirm did not confirm its clear role in the 
development of GB. 

Methods
We conducted a retrospective cohort study using 

a multidisciplinary database for cases of glioblastoma 
at the University Hospital Center Osijek, Croatia. We 
evaluated sixty-three patients surgically treated of glio-
blastoma in a time period of five years, from January 1, 
2012 to December 31, 2017. All cases of lower grades 
of glial tumors according to WHO classification were 
excluded from the study. Archived formalin-fixed par-
affin-embedded GB tissue sections were independent-
ly re-evaluated under a microscope (Olympus® CX 
40) by two pathologists. The study was approved by 
the ethics committee of our institution.

Immunohistochemistry
Immunohistochemistry (IHC) staining was per-

formed for three viruses: citomegalovirus (CMV), 
Epstein-Barr virus (EBV) and herpes simplex virus 
type I (HSV-1) on formalin-fixed paraffin-embedded 

(FFPE) glioblastoma tissue. Seven-micrometer tissue 
sections were cut for the staining process. All tissue 
sections were processed according to standardized 
protocol, and subsequent IHC was performed using 
an automated Ventana BenchMark (Roche®) staining 
system following the manufacturer instructions. We 
used CMV mouse ready-to-use monoclonal antibody 
(8B1.2, 1G5.2, 2D4.2) - Roche® (Basel, Switzerland), 
HSV polyclonal ready-to-use antibody (10A3) Dako® 
(Glostrup, DK-2600, Denmark) and EBV mouse 
monoclonal ready-to-use antibody (Clones CS. 1-4 – 
Dako® Glostrup, DK-2600, Denmark). All sections 
were counterstained with hematoxylin.

Results
The total number of cases included in our study was 

sixty-three (37 men and 26 women) with an average 
patient age of 66.7±8.5 years. Immunohistochemistry 
staining of archived formalin-fixed paraffin-embedded 
tissues of GB underwent semiquantitative immunore-
active score of Remmele and Stegner (IRS) score evalu-
ation which revealed six HSV-1 positive tissue sections 
(11%). According to the IRS scoring system, negative 
results of immunohistochemical staining were obtained 
for EBV and CMV (IRS 0), which were excluded from 
further analysis in the study, as well as five HSV-1 spec-
imens evaluated as IRS score 1 (Fig. 1). The Overall sur-
vival log-rank test did not reveal statistical significance 
when comparing HSV-1 positive and HSV-1 negative 
groups (p=0.65) (Fig. 2). Furthermore, a progression-free 
survival log-rank test comparing the same groups re-
vealed statistical insignificance (p=0.82) (Fig. 3).

Statistical analysis
Data were presented as mean±standard deviation 

or frequencies (%) as appropriate. We calculated the 
probability of progression-free survival and overall 
survival using Kaplan-Meier curves. 

All values with p < 0.05 obtained from the long 
rank test were considered statistically significant.

Data were analyzed using the SPSS 21.0 software 
package.

Discussion
Glioblastoma is the most malignant primary brain 

tumor. Its prognostic factors determine the expected 
outcome in the treatment of GB, although neurotrop-
ic viruses were not included as a possible prognostic 
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Fig. 1. Representative immunohistochemical stains for the tissue sections of GB, hematoxylin counterstain. All images 
shown at 400x magnification. Scale bar represents 200 μm.

A – negative IHC staining for CMV; B – negative IHC staining for EBV; C – positive IHC staining for HSV-1 (IRS 
score 1); D – positive IHC staining for HSV-1 (IRS score 2)

Fig. 2. Kaplan-Meier curves displaying the overall survival of glioblastoma patients with detectable HSV-1.



Acta Clin Croat, Vol. 61, No. 3, 2022 479

N. Koruga et al. Impact of neurotropic viruses on survival of patients with surgically treated glioblastoma 

factor.  Therefore, the aim of our study was to examine 
NTV as a prognostic factor in the treatment of GB 
and analyze its prevalence in the development of GB 
within our population. Recent studies did not confirm 
a clear connection between the presence of neurotrop-
ic viruses in glioblastoma and their potential mecha-
nism in the development of GB11-14.  

Our study included immunohistological staining 
of CMV, EBV and HSV-1 in FFPE tissue sections of 
surgically treated GB. The results of our study revealed 
the complete absence of CMV and EBV. Six FFPE 
samples of GB were found to be HSV-1 positive ac-
cording to the IRS scale. Nevertheless, despite its pres-
ence, the impact on PFS and OS was not found to be 
significant. Currently, there is a lack of evidence of the 
viral presence and its role in the tumorigenesis of GB. 
Furthermore, many studies have been conducted using 
several techniques, but their results were insufficient 
to confirm the theory of viral influence in tumorigen-
esis15,16. A possible explanation of the viral role is its 
ability to establish latency in its host resulting in pos-
sible viral reactivation, which might lead to its scarce 
presence in tumor tissue17.

Human herpesvirus has attracted attention as a 
possible factor in human brain tumors. A study con-

ducted in Slovenia by Strojnik et al. detected three 
species of herpes viruses in a heterogeneous group of 
high-grade glioma tissues: HSV-2, Epstein-Barr virus 
(EBV), HHV-6, and one human enterovirus using the 
real-time PCR. 

Also, low HSV-1 and HSV-2 immunoreactivity 
were found in five cases in sera of patients, but were 
not detected in their tumour tissue18. A similar study 
was conducted by Wrensch et al., where serological 
IgG ELISA assays were used to present seropositiv-
ity for HSV-1 and HSV-2. According to their results, 
there is no clear evidence that tissue levels or blood 
levels of HSV indicate possible GB tumorigenesis19.

The aim of recent studies was focused mainly on 
CMV which is a member of the Herpesviridae family, 
carried by 70-100% of population, depending on the 
geographic region. CMV, as a member of the Herpes-
viridae family, is carried by 70-100% of population, de-
pending on the geographic region. EBV is present in 
more than 90% of the adult population, and HSV-1 is 
present in approximately of 67% of the population20-22. 
The advantage of our study was the homogeneous 
tumor sample of sixty-three patients with GB29. The 
main disadvantages of our retrospective study were 
the application of only one technique and the inability 

Fig. 3. Kaplan-Meier curves displaying the progression-free survival in glioblastoma patients with detectable HSV-1.



to perform sera testing. Other studies have not con-
firmed HSV-1 in tumor tissue sections despite their 
advantage of a considerably wider range of real-time 
testing techniques18. Therefore, we were unable to fully 
compare our results to other studies. Nevertheless, we 
have to emphasize that our study included the largest 
amount of positive HSV-1 tumor tissues. This result 
may be explained by geographic predilection and high 
seropositivity within our population. We can conclude 
that further studies should be designed to confirm 
HSV-1 seropositivity in surgically treated patients. 

The role of neurotropic viruses in CNS diseases has 
not yet been clearly defined despite the capability of 
NTV to reach and infect the CNS, which is increased 
by the fact that HSV-1 establishes latency in trigem-
inal ganglia23. A wide variety of symptoms may be 
present, such as encephalitis, meningitis, flaccid paral-
ysis, etc.24,25. Our study excluded the presence of CMV 
and EBV, but the presence of HSV-1 might indicate 
possible viral seropositivity within our population and 
perioperative viral activation. The most commonly 
presented radiographic finding of CNS infection re-
fers to HSV encephalitis (HSE). HSE usually presents 
as edema, hemorrhage or necrosis affecting the frontal 
and the temporal lobe of the brain, as well as the limbic 
system26. In addition to its latency, viral breakthrough 
may occur by two possible routes: the bloodstream and 
peripheral neurons27,28. The aggressive nature of GB 
may lead to the disruption of the blood-brain barrier, 
which facilitates viral spreading within tumor and per-
itumoral tissue. Due to its behavior, there is a need to 
further examine its activation path and viral spreading.

According to our results, we can conclude that 
HSV-1 had no impact on survival rate in our group 
of patients. The role of NTV in pathogenesis of GB is 
yet to be determined, but the nature of neurotropic vi-
ruses implicates its activation in immunocompromised 
patients. It is necessary to design future studies in our 
country by implementing a wider range of methods. 

Conflict of interests: None.
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 Sažetak

UTJECAJ NEUROTROPNIH VIRUSA NA PREŽIVLJENJE PACIJENATA OPERIRANIH OD 
GLIOBLASTOMA

N. Koruga, T. Pekmezović, I. Tomaš, A. Soldo Koruga, K. Marjanović, J. Rajc, A. Rotim i K. Rotim

Uvod: Glioblastom predstavlja najagresivniji tumor mozga s procijenjenom stopom preživljenja od dvanaest do petnaest 
mjeseci nakon primarne dijagnoze. Uloga neurotropnih virusa u patogenezi tumora do danas je nejasna. Tijekom posljednja 
dva desetljeća provedena su mnoga istraživanja s ciljem potvrde utjecaja virusa na razvoj glioblastoma.

Metode: Provedena je retrospektivna studija u vremenskom razdoblju od pet godina. Korištena su arhivska tkiva 
glioblastoma uklopljena u parafin. Imunohistokemija je rađena za tri virusa: CMV, EBV i HSV-1 pomoću automatiziranog 
sustava bojenja.

Rezultati: Prosječna dob bolesnika u našoj skupini bila je 66,7 ± 8,5 godina. Zabilježena je blaža predominacija oboljelih 
muškaraca. Dobiveni su negativni imunohistokemijski rezultati za CMV i EBV koji su isključeni iz daljnjeg ispitivanja. 
Prema IRS procjeni potvrdili smo šest uzoraka HSV-1 koji su ocijenjeni kao IRS 2. Još pet uzoraka HSV-1 ocijenjeno je kao 
IRS 1 i izuzeti su iz studije.

Zaključak: Prema našoj retrospektivnoj studiji i posljedičnim rezultatima, nismo pronašli utjecaj neurotropnih virusa 
na stopu preživljenja u oboljelih od glioblastoma, no potrebna su daljnja istraživanja koja uključuju širi spektar metoda 
dokazivanja virusa.

Ključne riječi: glioblastom, tumori mozga, citomegalovirus, herpes simplex, protutijela


