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Abstract.

BACKGROUND: The etiology of salivary gland tumors is mainly unknown. The anatomical location of the salivary glands,
with the mucosal pathway to the oral cavity and its rich microbiome, raises the question of potential viral background.
OBJECTIVE: This study focuses on the potential presence of herpes-, polyoma- and parvoviruses in pleomorphic adenoma
(PA), recurrent pleomorphic adenoma (RPA) and carcinoma ex pleomorphic adenoma (CaxPA).

METHODS: Thirty different viruses were analyzed by PCR-based assays in 68 formalin-fixed paraffin-embedded salivary
gland tumors (25 PA, 31 RPA and 12 CaxPA).

RESULTS: Virus DNA was detected altogether in 19/68 (28%) tumor samples. Human herpesviruses 6B and 7 (HHV-6B
and HHV-7) and Epstein-Barr virus (EBV) were frequently and almost exclusively found in CaxPA (5/12, 7/12, and 3/12,
respectively). Within the 7 CaxPA that were virus-positive, 3 samples contained 3, and 1 sample even 4, different viruses.
Infrequent viral positivity was shown for parvovirus B19 and cutavirus, as well as Merkel cell and Malawi polyomaviruses.
CONCLUSIONS: Our unexpected finding of herpesvirus DNA almost exclusively in CaxPA tissues deserves further in-depth
studies.

Keywords: Pleomorphic adenoma, recurrent pleomorphic adenoma, carcinoma ex pleomorphic adenoma, viral etiology,
herpesvirus

1. Introduction

Pleomorphic adenoma (PA) is the most common benign tumor of the salivary glands with an annual
incidence of 4.2-4.9 /100,000. Surgical removal is usually curative, but benign recurrence occurs in
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1-6.7% depending on the surgical method and follow-up time (5-20 years) [1, 2]. A small proportion,
0.15% of PAs [1] and 3.2-6% of recurrent PAs (RPA) [1, 3, 4] may undergo malignant transformation
to carcinoma ex pleomorphic adenoma (CaxPA).

The etiology of PAs remains unknown but smoking and alcohol consumption seem insignificant fac-
tors in this disease [5]. The anatomical location of the salivary glands, with the mucosal pathway to the
oral cavity and its rich microbiome, raises the question of potential viral background. Indeed, already
in the 1950s Ludwik Gross was able to induce salivary gland tumor growth in mice by infiltrating an
agent, later known as polyomavirus, into the glands [6, 7]. In PAs, some positivity for polyomaviruses,
Epstein-Barr virus (EBV), human herpesviruses 6B and 7 (HHV-6 and -7) and human papillomaviruses
(HPV) have been discovered [8—10]. However, no consensus exists on the etiologic role of the dif-
ferent viruses found in PAs. The presence of viruses in RPA and CaxPA remains an unexplored
field.

Viruses and other microbes are estimated to cause 15% of all cancers worldwide [11]. Oncogenic
viruses are found within several DNA-virus families such as Papillomaviridae, Polyomaviridae, Hep-
adnaviridae, and Herpesviridae [12—18], whereas oncolytic viruses are found in the Parvoviridae
family [19]. Within Herpesviridae, human herpesvirus 8 (HHV-8) causes Kaposi‘s sarcoma [18, 20],
whereas EBV is strongly associated with eg. Burkitt‘s lymphoma and nasopharyngeal carcinoma [21].
Other herpesviruses, such as herpes simplex (HSV-1 and -2) and varicella zoster (VZV) are neurotropic
and widespread, but without clear association to malignancies. HHV-6B and -7 infect the general pop-
ulation during early childhood, mainly via saliva, whereas HHV-6A is an infrequent finding [22]. The
infection of HHV-6 and 7 is often symptomless but can present with fever, infantile seizures or rash.

Human polyomaviruses comprise a group of 14 viruses, most with a high seroprevalence among
humans. Primary infections are typically asymptomatic or with unknown symptoms, and these viruses
persist in the human body, mainly in the urogenital tract or the lymphatic system [23, 24]. Merkel
cell virus (MCPyV) is known to be oncogenic and can cause Merkel cell carcinoma in humans [13].
Among head and neck tumors (juvenile angiofibroma, head and neck squamous cell carcinoma) the
presence of polyomaviruses varies from sporadic MCPyV to up to 37% of JC polyomavirus (JCPyV)
[25, 26] but their role in carcinogenesis is yet to be identified.

Parvovirus B19 (B19V) causes erythema infectiosum (fifth disease), aplastic crisis, anemias, and
fetal death [27]. After the primary infection, B19V seems to enter and persist in various non-permissive
tissues with unknown clinical significance [28, 29]. In the past two decades, many new parvoviruses
have been discovered: human bocaviruses 1-4 (HBoV 1-4), bufa- (BuV), tusa- (TuV), and cutavirus
(CuV) [30]. HBoV 1 causes respiratory tract infections in children, whereas HBoV2—4 are enteric, but
more severe symptoms like encephalitis may be present [27]. BuV, TuV, and CuV were originally found
in diarrheic stool samples from children [31-33]. CuV has further been associated with cutaneous T-
cell lymphoma (CTCL) and it has been detected in other skin cancers, including melanoma [33-36].
The clinical role of these recently discovered viruses needs further studies.

This study was carried out in order to explore the presence of herpes-, polyoma-, and parvoviruses
in PA, RPA and CaxPA. The results could give insight into the presence of viral infections in these
tumor types and their potential role in malignant transformation.

2. Materials and methods
2.1. Ethics

A research ethics committee approval and research permission were obtained at the Helsinki Uni-
versity Hospital (§31/07.03.2019, HUS/332/2019).
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Tumor types Sample types Analyses

Punch biopsy
PA n=15

Patients, n=25

All viruses

Samples, n=25 Slice | | Parvo-and
n=10 polyomaviruses

Punch biopsy
68 parotid samples RPA n=23
Patients, n=21

All viruses

from 58 patients m

(37 female, 21 male) Samples, n=31 Slice | | Parvo-and
n=8 polyomaviruses

Punch biopsy -

Patients, n=12

Samples, n=12 Slice | | Parvo-and
n=0 polyomaviruses

Fig. 1. Tumor and sample types with respective viral analyses. PA, pleomorphic adenoma; RPA recurrent pleomorphic
adenoma; CaxPA carcinoma ex pleomorphic adenoma.

2.2. Patients and clinical specimens

This study is a retrospective cross-sectional cohort study. The patients were treated at the Department
of Otorhinolaryngology - Head and Neck Surgery, Helsinki University Hospital, Helsinki, Finland.
Clinical information was recorded from hospital charts. Three different tumor groups were consti-
tuted: “ordinary” PA, RPA and CaxPA (Fig. 1, Supplemental Table 1). For the PA group we selected
25 consecutive patients (25 samples) treated during 2005-2006 with no known history of recurrence
within a 12-year follow-up. RPA and CaxPA groups included all patients with available samples
diagnosed between 2000 and 2018. The CaxPA group included 12 patients (12 samples). For the
RPA group we included primary tumor samples and all samples from recurrences that were avail-
able. Only recurrent tumors that had appeared after adequate surgery, i.e., with superficial or partial
parotidectomy and with no report of capsule rupture were accepted. The 31 RPA samples (8 pri-
mary and 23 recurrent tumors) fulfilling our criteria were from 21 individuals. Altogether 68 FFPE
tumor samples were collected from the Helsinki Biobank (permission no §73/15.05.2019, HUS/
118/2019).

The majority of the samples (15 PAs, 23 RPAs, 12 CaxPAs) were collected from FFPE tissue
blocks as 2mm punch biopsies (Fig. 1) in a PCR-sterile manner from the site of the tumor tis-
sue defined by an experienced oral pathologist. Due to scant tumor material, punch biopsies were
not available from additional 18 samples (10 PAs, 8 RPAs), and thus, from these tumors the sam-
ples were collected as 10 pm-thick slices (3-4 sections per sample) from the tumor-containing FFPE
blocks. However, due to the known potential presence of herpesvirus DNA in normal salivary gland
tissue [9] only punch biopsies from the actual tumor were included in the herpesvirus analyses
(Fig. 1). Polyoma- and parvovirus analyses were performed with both the punch biopsy and slice
samples. All samples were collected in 1.5 ml microcentrifuge tubes and stored at —20°C until DNA
extraction.
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2.3. DNA extraction and viral DNA assays

Paraffin was dissolved from the tissue samples with xylene at room temperature for 30 minutes,
repeated once. Tissue was collected by centrifugation and total DNA was extracted using QIAamp
DNA mini kit (Qiagen, Heiden, Germany) according to the manufacturer’s protocol, with the exception
of using 40 pl of proteinase K. The DNA preps were eluted in 100 .1 AE buffer and stored at —20° C.

Evaluation of DNA quality and human cell quantity was done by subjecting the samples to the
reference gene RNase-P qPCR, as described [37].

The viruses analyzed in this study are listed in Table 2 (Supplemental Table 2). For members of
Herpesviridae, a three-tube multiplex qPCR assay [38] was applied to target each virus (HSV-1,
HSV-2 and VZV; HHV-6A, HHV-6B and HHV-7; EBV, cytomegalovirus (CMV) and HHV-8). For
the 13 human virus members of Polyomaviridae, BK polyomavirus (BKPyV), JCPyV, Karolinska
Institute polyomavirus (KIPyV), Washington University polyomavirus (WUPyV), MCPyV, human
polyomavirus 6 (HPyV6), human polyomavirus 7 (HPyV7), Trichodysplasia spinulosa polyomavirus
(TSPyV), human polyomavirus 9 (HPyV9), Malawi polyomavirus (MWPyV), St. Louis polyomavirus
(STLPyV), human polyomavirus 12 (HPyV12), and New Jersey polyomavirus (NJPyV), the VP1
genes were detected by a multiplex PCR assay coupled with a Luminex-based detection system
[24, 39]. As for the members of Parvoviridae, B19V was detected and quantified with a pan-B19
gPCR, targeting the NS1 genes of all 3 genotypes [37], whereas HBoV 1-4 were detected by a multi-
plex qPCR, targeting the NS1 regions of all 4 bocaviruses [40]. CuV, BuV, and TuV were detected and
quantified by a multiplex qPCR [36, 41] targeting the NS1 region of BuV and VP2 regions of TuV
and CuV. The PCR amplicons were cloned into pSTblue vector and sequenced. All qPCR reactions
consisted of Maxima probe qPCR Master Mix (Thermo Scientific) with or without ROX as passive ref-
erence dye or 2xTagpath Proamp Multiplex Master Mix (Fischer), each primer (forward and reverse),
probe and template (2, 5-5 wl), and molecular biology-grade H,O to a final volume of 20-25 1. All
real-time qPCR assays were performed with AriaMx Realtime PCR System (Agilent Technologies,
Santa Clara, CA).

Molecular biology grade water was included in all PCR runs as a non-template control. Ten-fold
diluted plasmids (10'-10°), containing each viral target amplicon, served as PCR standards and as
positive controls. To avoid contamination, the master mix components, samples and plasmids were
handled in separate rooms. Laminar hoods were used when preparing and handling the samples and
plasmids.

For the viruses detected by qPCR, a positive result from duplicate wells or sequencing was defined as
positive. For the polyomavirus Luminex-based multiplex assay, single positive findings were accepted.

2.4. Statistics

Statistical analyses were performed using GraphPad Prims 8 software (GraphPad, San Diego, CA)
and Fisher’s exact test when comparing virus prevalence between different tumor types.

3. Results

3.1. Patient characteristics

We analyzed altogether 68 samples from 58 patients having PA, RPA or CaxPA. All 68 samples
were included in polyoma- and parvovirus analyses, and the 50 punch-biopsy samples were included
in the herpesvirus analyses (Fig. 1). On average, the patients with CaxPA were roughly 10 years older
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Table 1

Patients, samples and positive viral DNA

253

Herpesviridae PA RPA CaxPA
Patients 15 15 12
Samples 15 23 12
Gender: female/male 10/5 11/4 4/8

Median age at operation x years
(mean x, range x-y) years

45.0 (46.4, 20.4-68.0)

45.9 (47.5, 19.8-70.7)

58.8 (57.6,25.9-75.5)

HHV-6B  Positive samples 0 0 5(42%)
Mean viral DNA load* 0 0 1760
Median viral DNA load* (range) 0 0 1030 (59-5220)
HHV-7 Positive samples 2 (13%) 2(9%) 7 (58%)
Mean viral DNA load* 81300 50 15400
Median viral DNA load* (range) 81300 (76200-86400) 50 1530 (51-62600)
EBV Positive samples 0 0 3(25%)
Mean viral DNA load* 0 0 665
Median viral DNA load* (range) 0 0 419 (63-1520)
Polyomaviridae & Parvoviridae PA RPA CaxPA
Patients 25 21 12
Samples 25 31 12
Gender: female/male 17/8 16/5 4/8

Median age at operation x years
(mean x, range x-y) years

42.045.5(10.8-71.2)

49.346.0 (17.9-70.7)

58.8 57.6 (25.9-75.5)

MCPyV Positive samples 2(8%) 2(6%) 2(16%)
MWPyV  Positive samples 1(4%) 0 0
B19V Positive samples 3(12%) 0 1(8%)
Mean viral DNA load* 1661 0 1880
Median viral DNA load* (range) 1661 (165-3560) 0 1880 (1880)
Cutavirus  Positive samples 14%) 0 0
Mean viral DNA load* 384 0 0
Median viral DNA load* (range) 384 (384) 0 0

*viral load as copies/10% cells. PA, pleomorphic adenoma; RPA recurrent pleomorphic adenoma; CaxPA carcinoma ex
pleomorphic adenoma; HHV-6B, human herpesvirus 6B; HHV 7, human herpesvirus 7; EBV, Epstein-Barr virus; MCPyV,
Merkel cell virus; MWPyV, Malawi polyomavirus; B19V, parvovirus B19.

(57.6 £ 13.3, mean & SD) at the time of surgery than those with PA (45.5 £ 16.1) and RPA (46.0 £ 15.0,
Table 1). There were 8 males and 4 females in the CaxPA group in contrast to the PA and RPA groups,
where females predominated.

3.2. Presence of virus DNA in different tumor types

Of the 68 tumor samples, 31 harbored DNA of 7 different viruses (Tables 1 and 2). The viral DNA
quantities are shown in Table 1. The human RNase-P qPCR varied between 10e2-10e4 copies/pl
among all samples except 2, which were 10el copies/pl. Twenty-three viruses were not detected in
any sample.

Virus DNA was detected in 19/68 (28%) tumors, more often in CaxPA (7/12, 58%) than in RPA
(4/31, 13%, p=0.0047, Fisher’s exact test) but with no significant difference to that of PA (8/25,
32%, p=0.1642). Among the different virus families, herpesvirus DNA was detected in 11/50 (22%)
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Table 2

Heat map indicating number (and % in parenthesis) of PA, RPA and CaxPA samples
containing DNA of each virus type

PA RPA Caex PA
n=15-25 n=23-25 n=12
Herpesviridae HSV-1 0 0 0
HSV-2 0 0 0
\VAY 0 0 0
HHV-6a 0 0 0
HHV-6b 0 0
HHV7 2 (13) 209
EBV 0 0 3 (25)
CMV 0 0 0
HHV-8 0 0 0
B19 3(8) 0 1(8)
Polyomaviridae BKPyV 0 0 0
JCPyV 0 0 0
KIPyV 0 0 0
WUPyV 0 0 0
MCPyV 2 (8) 2 (6) 2 (17)
HPyV6 0 0 0
HPyV7 0 0 0
TSPyV 0 0 0
HPyV9 0 0 0
MWPyV 14 0 0
STLPyV 0 0 0
HPyV12 0 0 0
HPyV13 0 0 0
Parvoviridae B19 3(12) 0 1(8)
CuV 1(4) 0 0
TuV 0 0 0
BuV 0 0 0
Boca-1 0 0 0
Boca-2 0 0 0
Boca-3 0 0 0

PA, pleomorphicadenoma; RPA recurrentpleomorphicadenoma; CaxPAcarcinoma ex pleomorphica-
denoma; HSV-1, herpes simplex virus 1; HSV-2 herpes simplex virus 2; VZV, varicellazoster virus,
HHV-6A, human herpesvirus 6A; HHV-6B, human herpesvirus 6B; HHV-7, human herpesvirus
7; EBV, Epstein-Barr virus; CMYV, cytomegalovirus; HHV-8, human herpesvirus -8; BKPyV, BK
polyomavirus; JCPyV, JC polyomavirus; KIPyV, Karolinska Institute polyomavirus; WUPyV, Wash-
ington Universitypolyomavirus; MCPyV, Merkel cell virus; HPyV -6, humanpolyomavirus 6; HPy V-7,
humanpolyomavirus 7; TSPyV, Trichodysplasiaspinulosa.

tumors, clearly more often in CaxPA (7/12, 58%) than in PA (2/15, 13%, p=0.0369) or RPA (2/23,
9%, p=0.0030). Among Herpesviridae, the most common finding was HHV-7, detected significantly
more often in CaxPA (7/12, 58%) than in PA (2/15, 13%, p =0.0369) or in RPA (2/23, 9%, p =0.0030).
In the CaxPA group, 15 herpes virus findings were congregated in 7/12 tumor samples (Table 2 and
3), in which 7 (58%), 5 (42%) and 3 (25%) samples were positive for HHV-7, HHV-6B and EBYV,
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Table 3

Presence of viral DNAs in individual CaxPA samples

Pat. ID HHV-7 HHV-6B EBV MCPyV B19 Types of
viruses/tumor

P65 1 1 2
P66 1 1
P67 1 1 1 3
P68 0
P69 0
P70 1 1 2
P71 1 1 1 1 4
P72 1 1 1 3
P73 0
P74 0
P75 1 1 1 3
P78 0
Positive no. 7 5 3 2 1

% 58 42 25 17 8

CaxPA carcinoma ex pleomorphic adenoma; HHV-7, human herpesvirus 7; HHV-6B, human her-
pesvirus 6B; EBV, Epstein-Barr virus; MCPyV, Merkel cell virus; B19, B19 parvovirus.

respectively. HHV-6B and EBV DNAs were absent in PAs and RPAs. All samples, in every tumor
type, tested DNA negative for HSV-1, HSV-2, VZV, HHV-6A, CMV and HHV-8.

Polyomaviruses comprised the second most prevalent group with 7 virus findings in 68 samples
(10%). The most common viral DNA finding was of MCPyV, which was positive in 2/25 (8%) PAs, in
2/31 (6%) RPAs and in 2/12 (17%) CaxPAs. MWPyV DNA was positive in 1/25 (4%) samples among
PAs and negative in the other groups.

Among 68 samples screened for parvoviruses, 3/25 (12%) PAs and 1/12 (8%) CaxPAs were positive
for B19V DNA. Of the 3 sequenced B19V amplicons, 1 was of genotype 1 and 2 were of genotype 2,
confirming the findings. CuV DNA was detected in a single sample among the 25 (4%) PAs, which
was confirmed by cloning and sequencing. Neither BuV, TuV nor bocavirus DNA was found in these
samples.

3.3. Co-detection of multiple viruses in CaxPA samples

Co-infections with multiple viruses were present in 6/12 (50%) CaxPA samples (Table 3). In the PA
group only 1 sample harbored multiple viruses. In the RPA group, there were no multiple virus-DNA
findings. In the CaxPA group 3/7 viral DNA-positive samples contained 3, and 1 sample even 4, types
of viruses. HHV-7 and HHV-6B DNAs were co-detected in 5/12 (42%) CaxPA samples. Two out of
3 EBV-DNA findings were among the 5 HHV-6B/HHV-7 dual-positive samples, and once EBV DNA
was co-detected with HHV-6B and MCPyV.

4. Discussion

Our study focused on the potential presence of 30 DNA viruses in PA, RPA or CaxPA. Seven
different viruses were detected in these tumors, especially in CaxPA. The most common findings were
herpesviruses (altogether 11 HHV-7, 5 HHV-6B, and 3 EBV-DNA findings), which were enriched in
CaxPA samples (Table 2). Remarkably, multiple viruses were present in 88% of the virus DNA-positive
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CaxPA samples (Table 3). In addition, DNAs of altogether 7 polyomaviruses (6 MCPyV, 1 MWPyV)
and 5 parvoviruses (4 B19V, 1 CuV) were detected in different tumor types. Only duplicate positive
virus DNA findings or sequenced viruses were considered positive for gPCR, whereas single positive
findings were accepted for Luminex-based multiplex assay (polyomaviruses).

Due to the lack of previous studies on the presence of viral DNA in CaxPA, our results showing
multiple simultaneous herpesviruses in CaxPA samples are noteworthy. Seven out of 12 samples (58%)
contained herpesvirus DNA, and 6 samples harbored multiple herpesviruses, which was in striking
contrast to PA and RPA, where single herpesvirus DNA was detected only in 2 samples each (13%
and 9%, respectively) and all were single detections. Furthermore, in all these 4 cases the virus was
HHV-7, which was also detected in 58% of CaxPA samples. EBV DNA was detected only in the CaxPA
group, and it was always found together with HHV-6B or HHV-7. Due to the unknown etiology of
CaxPA, the potential role of herpesviruses in carcinogenesis is intriguing. Malignant oral tissues such
as squamous cell carcinomas exhibit HHV-6 DNA [42], and nasopharyngeal carcinomas may often
harbor EBV [43].

Our results on the presence of viral DNA in PA samples are largely in line with previous reports. In
our material MCPyV DNA was found in 2/25 (8%) PA. Chen et al. [8] found MCPyV DNA in 10/51
(20%) and EBV DNA in 2/51 (4%) PA samples. In our series, EBV DNA was detected only in CaxPA.
Shanehsazzadeh et al. [9] found HHV-7 DNA in 10/23 (43%) pleomorphic or monomorphic adenoma
tumors, whereas in our study HHV-7 DNA was present only in 2/15 (13%) PAs. They also reported
HHV-6 DNA in 4/23 (17%) PA samples, whereas we detected none.

Regarding RPA, we were unable to shed much light on its etiology as HHV-7 and MCPyV were
the only viruses detected, and they were present in only a few samples (2/23, 9% and 2/31, 6%,
respectively). However, as there are no previous reports concerning the possible virome of RPA, these
findings are novel.

Importantly, for our herpesvirus analyses we collected punch biopsies, which allowed us to min-
imize the amount of surrounding normal salivary gland tissue. With these samples we were able to
demonstrate that benign PA, even when recurrent, seems to lack HHV-6B and EBV. However, these
viruses are present in malignant tumors. HHV-6 and -7 are frequently found in the gastrointestinal tract
and its organs, as well as in the salivary glands and saliva [44, 45]. In the salivary glands the latent
virus infection is assumed to take place in monocytes, macrophages and CD4 + T lymphocytes [44,
46]. HHV-6 and HHV-7 have the unique feature of being able to modify the host-cell immune response
and might facilitate the effects of other agents or viruses on these cells [47]. This could be a possible
explanation for the presence of HHV-6B and -7 in the tumors that undergo malignant transformation.

Apparently, EBV does not cause epithelial cell transformation alone and additional host gene muta-
tions are needed for malignant transformation of EBV-infected cells [48]. Interestingly, all our 3
EBV-positive CaxPAs had 2 additional concomitant viruses present, HHV-6B and HHV-7 in 2 cases
and HHV-7 and MCPyV in 1 case. It is intriguing to speculate that the malignant transformation of
these tumors might be related to the possible interplay between the different viruses.

In our study, we found traces of MCPyV in 6 samples and MWPyV in 1. These positive findings
were scattered across all tumor groups and were not repeatable with either the PCR-Luminex-based
system or with qPCR, suggesting that the virus loads were very low.

CuV DNA was found in one PA tissue slice sample. The presence of CuV in PA has not been
reported previously. This is an interesting finding as CuV has been associated with cutaneous T-
cell lymphoma and has been detected in other skin cancers, including melanoma [33-36]. The other
parvovirus detected in this study, B19V, persists in various tissues without a known clinical significance
[28, 49]. It is, however, intriguing that we found B19V only in PA and CaxPA but not in RPA.

The limitations of the study included having only FFPE samples available. The formalin treatment is
harmful for the DNA structure and causes DNA degradation. However, all our samples showed RNase-
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P amplification, indicating that at least some DNA was intact. In addition, most of our qPCRs target
short genome regions allowing even fractioned virus DNA sections to be traced. In some samples the
tumor material was rather scant. Thus, we were unable to harvest punch biopsies from the whole series
but ended up with 50 punch biopsies and slices from 18 samples. A slice sample includes usually both
the tumor and the surrounding healthy tissue, and viral DNA positivity can therefore not be considered
specific for the tumor alone. Thus, larger FFPE samples or fresh-frozen samples could contribute to
more intact DNA structure, higher cell counts and tumor-specific results.

One has to bear in mind that the mere presence of viral DNA in the tumor specimens is not as such
an indication of an oncogenic role — the virus can also be oncotropic and oncolytic, or an innocent
bystander. Viruses can be found ubiquitously in human normal and neoplastic tissues. It is possible
that viruses are just attracted on site by the rich vasculature, rapid cell division, or other factors of
the malignancy. The presence of HHV-6B, HHV-7 and EBV in CaxPA, and the lack of the viruses
in benign PAs, do require further studies and characterization of their cellular location and activity.
This remains to be addressed with additional methods in future studies to define the role of viruses in
tumorigenesis and malignant transformation.

Modern molecular biology techniques have enabled rapid progression in virus discovery and research
[30]. The potential of viral genomes to integrate into the host genome, or alter the cell function, can
cause a diversity of effects yet to be detected and explored.
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