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INTRODUCTION 
SARS-CoV-2, a single-stranded, positive-sense RNA 

virus, was the cause of the global COVID-19 pandemic. 
Since then, many variants and subvariants have emerged, 
requiring continuous improvement of vaccines and treat-
ments [1-3]. Both short- and long-lasting neurological con-
sequences are linked to severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection. Determining the 
molecular pathways driving neurological sequelae following 
coronavirus disease 2019 (COVID-19) is challenging due 
to the diversity of symptoms [4-6].

Gliomas are primary malignant tumors of the central 
nervous system (CNS) that affect the brain and/or spinal 
cord. Among the tumors of the CNS, they have the highest 
incidence and the worst prognosis. Glioblastoma multi-
forme is the most lethal of the clinical glioma subtypes. 
Due to their heterogeneity, infiltrative nature and varied 
response to treatment, these tumors still pose the greatest 
challenge in treatment.  the chance of survival for patients 
with glioblastoma decreases with age. Moreover, patients 
with Glioblastoma multiforme are among the most suscep-
tible to infections [7-11].
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SARS-CoV-2 infection often causes neurological disorders. Experimental studies on 
an animal model have shown that SARS-CoV-2 is able to cross the blood-brain barrier. 
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antibodies in these patients. The obtained results indicate the tropism of the virus to 
tumor tissue – glioblastoma. The level of anti-SARS antibodies was higher in patients 
with SARS-CoV-2 RNA detected in tumour tissue.
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Significant proof for COVID-19 neuroinvasion and 
neurovirulence was provided by the persistence of SARS-
CoV-2, which was found in the brain at autopsy, as well 
as presence of SARS-CoV-2 RNA in cerebrospinal fluid 
[12]. As pointed out by other authors, publications examin-
ing the relationship between COVID-19 and glioblastoma 
are needed due to the scarcity of literature data [10,12]. 
Therefore, the aim of the current study was to assess the 
presence of SARS-CoV-2 RNA in tumor tissue as well 
as the level of anti-SARS-CoV-2 antibodies in the serum  
of the studied patients.

MATERIALS AND METHODS

Study design
The study group included 30 patients, hospitalized at the 

Neurosurgery Department, 1st Clinical Military Hospital 
with Outpatient Clinic in Lublin, with diagnosed and his-
tologically confirmed glioblastoma. Other types of cancer 
were excluded. Based on data from the medical history, 
it was determined that all patients with glioblastoma  
in whom SARS CoV-2 was detected in the tumor tissue 
did not suffer from COVID-19 and were not vaccinated. 
In contrast, a group of 24 RNA-negative patients were 
vaccinated, 10 of whom had experienced COVID without 
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hospitalisation and 14 of whom reported no history of 
COVID. Each of the immunized individuals were given 
three doses of the COVID-19 mRNA BNT162b2 vaccine 
(Pfizer-BioNTech). Serum from these patients was collected 
approximately 10-12 months from the last vaccination.

Sample collection

The clinical material used in the study was serum and 
20 mg of freshly frozen tumor tissues taken from individu-
als with brain cancer. Venous blood samples (3-5 ml) were 
drawn via venipuncture in tubes without anticoagulant, 
in accordance with standard hospital protocol. Following  
a centrifugation of blood samples at room temperature for 15 
minutes at 1500 × g rpm, the serum was separated. Before 
analysis, tumor tissue and serum were kept at -80°C. Tumor 
tissue collected during surgery was homogenized and the 
presence of SARS CoV-2 RNA was determined.

Isolation and detection of SARS-CoV-2 RNA

An Omni TH/Omni International/Kennesewa, GA, USA 
manual homogenizer was used to cut and homogenize the 
freshly frozen tumor tissues. The QIAampDNA Mini Kit 
(Qiagen, Hilden, Germany) was employed to extract DNA 
in accordance with the manufacturer's instructions. Exploit-
ing β-globin assay, the quality of the acquired DNA (i.e., the 
presence of PCR inhibitors) was confirmed.

Prior to being tested for SARS-CoV-2, the material was 
extracted using an automated TANBead MaelstromTM 8 
(TANBead Nucleic Acid Extraction Kit).  SARS-CoV-2 viral 
RNA was found by way of application of the genesig® Real-
Time PCR Coronavirus COVID-19 (CE IVD) (Primerdesign 
Ltd., School Lane, Chandler's Ford, Camberley, UK) detec-
tion kit. The amplification conditions and reaction system 
were set up in compliance with the manufacturer's instruc-
tions. When the viral gene's cycle threshold (Ct) value was 
38 or less, the result was classified as positive; when it was 
higher than 38, it was labeled negative. With a confidence 
level of ≥95%, the COVID-19 CE IVD genesig® kit identi-
fies 0.58 copies/μL of SARS-CoV-2 viral RNA.

Detection of SARS-CoV-2 variants

Samples that were positive for the RT-PCR assay were 
examined for SARS-CoV-2 variants. By means of a com-
mercially available GSD NovaType IV SARS-CoV-2 
RT-PCR kit (NovaTec Immundiagnostica GmbH, Dietzen-
bach, Germany, cat number PCOV6191T), variants of Delta 
were identified.

Detection of anti-SARS-CoV-2 antibodies

The Microblot-Array COVID-19 IgG assay kit (TestLine 
Clinical Diagnostics s.r.o., Brno, Czech Republic) was har-
nessed to evaluate serum samples in order to identify specific 
anti-SARS-CoV-2 antibodies (NCP, RBD, S2). The results 
are displayed in U/mL units. The interpretation considers 
whether a reaction is present or absent against NCP, RBD, or 
S2, which is at least one antigen. Software and a Microblot-
Array reader were employed for reading and interpretation: 
185-210 U/mL is the borderline, <185 U/mL is negative, and 
>210 U/mL is positive.

Statistical Analysis

The following software was exploited in the statistical 
analysis: Tibco Statistica 13.3 (StatSoft, Kraków, Poland) 
and GraphPad Prism version 10.1.1. (San Diego, Califor-
nia, USA). The Shapiro-Wilk test was used to assess the 
normality of the distribution of continuous variables. The 
Mann-Whitney U test and/or the Kruskal-Wallis test were 
applied to assess differences in antibody levels between the 
study groups.

Ethics

The research was approved by the Medical University 
of Lublin Ethics Committee and is in accordance with the 
GCP regulations (no. KE-0254/194/10/2022, 6 October 
2022). Written informed consent was obtained from each 
participant.

RESULTS

Table 1 provides specifics about the characteristics of the 
30 participants in the study group. The initial purpose was 
to assess tumor tissue for SARS-CoV-2 RNA, which was 
found in 6/30 patients (20%). The Delta variant of SARS-
CoV-2 was detected in all positive cases.
Table 1. Characteristics of patients with glioblastoma-vaccination 
and/or COVID-19 survival

SARS -CoV-2 RNA in tumor tissue

Negative
N=24

Positive
N=6

COVID-19 
vaccinated

N=10

Non COVID-19 
vaccinated

N=14

Non COVID-19
unvaccinated

N=6

Female 4 4 2

Male 6 10 4

Age 52-65 56-67 55-66

Next, three groups of patients with glioblastoma were 
compared, i.e. patients in whom SARS CoV-2 RNA was 
detected in the tumor tissue, did not suffer from COVID-19 
and were not vaccinated (RNA SARS +). The second group 
included vaccinated patients who suffered from COVID-19 
without hospitalization (COVID +), and the third group 
consisted of vaccinated patients who had not had disease 
(COVID -). The test we employed identified specific anti-
SARS-CoV-2 antibodies (NCP, RBD, S2). Due to the fact 
that only RBD antibodies were detected in all patients, only 
they were analyzed in the study.

Overall, in glioblastoma patients, higher levels of anti-
SARS-CoV-2 antibodies were found in SARS-CoV-2 RNA-
positive individuals than in SARS-CoV-2 RNA-negative 
individuals (Figure 1). Moreover, patients with glioblas-
toma multiforme showed higher levels of serum anti-SARS-
CoV-2 antibodies compared to those who had COVID-19 
and received vaccinations, as well as to those who did not 
have COVID-19 but received vaccinations (Table 2).
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Figure 1. Anti-SARS-CoV-2 antibody levels in the serum of 
glioblastoma patients with detected and undetected viral RNA  
in tumor tissue (p = 0.0010)

Exact antibody levels are presented in Table 2.
Table 2. The level of anti-SARS antibodies in the serum of patients 
with glioblastoma in the 3 study groups

SARS-CoV-2 RNA in tumor tissue

Negative N=24 Positive N=6

COVID-19 
vaccinated

Non 
COVID-19 
vaccinated

Non COVID-19
unvaccinated

Mean 350.4 245.4 394.7 0.0001*

SD 40.5 33.6 7.1

Min-max 345.2-400.5 201.4-319.1 385.2-404.6

p
0.0154* 0.0001*

0.0002*

*statistically significant

DISCUSSION

Glioblastoma is one of the most common and aggres-
sive primary brain tumor types. Patients with this cancer 
tend to be the most susceptible to cancer due to a number 
of reasons. Initially, glioblastoma patients are often elderly 
and have a wide range of age-related conditions. Moreover, 
their regular steroid medication use exacerbates immunosup-
pression. Furthermore, the patient's loss of autonomy raises 
the risk of throm-boembolic events associated with tumors 
and/or treatment. An increased vulnerability to infections 
derives from this [10,13-17].

Infection with SARS-CoV-2 may cause neurological 
symptoms. Neurological symptoms including attention 
deficit disorder, anosmia, ageusia, ataxia, headaches, dizzi-
ness, seizures, disorientation, and in rare cases, even psychi-
atric illnesses, have been linked to SARS-CoV-2 infection, 
at least in the case of pre-omicron forms [18-20]. Our study 
found variants of Delta. This is understandable because at 
that time the delta variant was dominant in Poland. It has 
been observed that glioblastoma cells are susceptible to 
SARS-CoV-2. Research conducted on an animal model has 
demonstrated that SARS-CoV-2 can pass through the blood-
brain barrier [21,22]. The stimulation of the MAPK pathway, 
NF-κB signaling and p53, which can cause inflammatory 
and neuro-degenerative alterations, have been suggested as 
contributing factors to COVID-19 neurotoxicity [23,24].

Partiot et al. [6] research have revealed that the accu-
mulation of virions at synapses may be a factor in neuro-
logical disorders related to COVID-19. They discovered 
that SARS-CoV-2 was detectable in nerve cells from both 

post-mortem brain samples from COVID-19 patients and 
in vitro cultures of human brain grafts from people who 
did not have the virus. The susceptibility of nerve cells 
to SARS-CoV-2 virus infection is an object of research. 
For example, Patriot et al. observed that neural cells were 
slightly permeable to SARS-CoV-2, doing so by using brain 
organoids, organotypic culturing of human brain explants 
from persons without COVID-19, and post-mortem brain 
tissues from individuals with COVID-19 [6]. There are also 
isolated reports of GBM's susceptibility to infection with 
the new SARS-CoV-2 virus, limited to isolated cases [25]. 
Our research is among the first to investigate the connec-
tion between glioblastoma and SARS-CoV. In our study, 
SARS-CoV-2 RNA in tumor tissue was detected in 3 out of 
12 patients with glioblastoma.

A study by Suarez-Meade et al. [26] showed that the 
SARS-CoV-2 entry factors, ACE2, TMPRSS2, and NRP1, are 
positively expressed in patient-derived glioblastoma tissues 
and matched primary cell cultures and organoids. It has 
also been demonstrated that the expression of cathepsins B  
and L is necessary for SARS-CoV-2 infection in CNS cells, 
particularly those originating from tumors [27]. Neuropilin 1  
(NRP1) is another co-receptor for the virus [28]. Suarez-
Meade et al. [26] point out that although ACE2 is often 
expressed at low protein levels in respiratory and olfactory 
epithelial cells, it can nonetheless make cells susceptible 
to SARS-CoV2 infection on its own [29]. Because of this, 
cofactors like TMPRSS2 and NRP1 have been found to be 
crucial for SARS-CoV-2 infection. Nevertheless, the list of 
necessary components is expanding, requiring not only input 
factors, but also genes involved in the virus's life cycle and 
replication [26].

Epidemiological research indicates that cancer stands 
alone as a poor predictive factor for COVID-19. Numerous 
people suffering from glioblastoma are impacted by COVID-
19, a pandemic brought on by treatment-related immunosup-
pression, frequent hospitalizations and a higher frequency  
of the malignancy among the elderly [12,30]. Many groups 
of experts have already suggested treating patients with 
high-grade gliomas. The idea that COVID-19 is biologically 
vulnerable to patients with glioblastoma has also received 
some preliminary cross-sectional study support. Finding 
people who are vulnerable to SARS-CoV-2 and serious 
illness is essential for maximizing the use of healthcare 
resources [10,31].

Immunization is crucial for preventing illness, as unvac-
cinated populations are also seeing the emergence of new 
variants. Consequently, the chance of developing an infec-
tion might increase if humoral immunity declines [32-34]. 
For patients with compromised immune systems, such as 
those with cancer, this is essential. As suggested by other 
researchers, their ability to induce a strong enough immune 
response during COVID-19 or after receiving a vaccination 
against SARS-CoV-2 may be affected [35,36]. Individual 
humoral and cell-mediated immune response patterns in 
individuals with malignancies like glioblastoma are less 
well understood, despite the fact that both SARS-CoV-2 
infection and vaccination induce antibody- and cell-medi-
ated responses. This holds significant value as variable 
humoral immune responses within the same individuals can 
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nonetheless lead to reduced COVID-19 severity or disease 
prevention [37-40]. Gregory et al. point out that it is yet 
unknown how the COVID-19 mRNA vaccination may affect 
tumor biology and progression, particularly as the leading 
mRNA vaccines encode altered spike proteins. In our study, 
antibody levels in cases where viral RNA was present in 
tumor tissue were higher than in patients negative for SARS-
CoV-2 viral RNA. Our results show higher levels of antibod-
ies in SARS-CoV-2-RNA negative glioblastoma patients 
who had COVID-19 and were vaccinated than in those who 
did not have the disease but were also vaccinated. This may 
indicate that previous infections for this group of patients 
further increase the defense associated with the humoral 
response against the SARS-CoV-2 virus. In our study, only 
anti-RBD antibodies were detected in cases of antibodies 
detected. As indicated by previous studies, they are of key 
importance for assessing protection against SARS-CoV-2 
infection due to their neutralizing activity [41].

The World Health Organization claimed on May 5, 2023, 
that the COVID-19 worldwide public health emergency had 
ended as a result of decreased mortality and less pressure 
on healthcare systems. However, considering the excess 
mortality seen during the pandemic, it is expected that the 
virus will continue to have an influence both directly and 
indirectly even with lowered surveillance efforts [24].

A limitation of the current study is the small number of 
patients due to the limited source of tissue from patients who 
had previously undergone COVID-19, which is also pointed 
out as a problem in the study of the relationship between 
SARS-CoV-2 infection and glioblastoma by other authors 
[12]. Our study is one of the first to examine the relationship 
between SARS-CoV-2 infection and glioblastoma in Polish 
patients. Unfortunately, cerebrospinal fluid (CSF) was not 
collected from patients with brain tumors. In the future, 
specially planned studies should take this into account. 
This research should be treated as preliminary; however,  
it constitutes an encouragement for further, in-depth research  
in this area.

CONCLUSIONS

The blood-brain barrier (BBB) is a structure that regu-
lates the microenvironment enabling the proper functioning 
of the nervous system. Many viruses can infect the CNS. 
Post-mortem studies and in cell lines have shown that SARS 
CoV-2 also has such abilities.

The presented study indicate the tropism of the SARS 
CoV-2 to glial cells, even in asymptomatic infections. It 
appears that the glioblastoma patients we studied were 
asymptomatically infected with the SARS CoV-2 virus, 
as evidenced by the presence of antibodies in the serum. 
Additionally, the level of anti-SARS antibodies was higher 
in patients with SARS CoV-2 RNA detected in tumor tissue. 

Further research is necessary on the mechanism of 
crossing the BBB, including the search for drugs that prevent 
SARS-CoV-2 from crossing this barrier, so that rapid treat-
ment can prevent complications from the nervous system.
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