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ABSTRACT

Background: Chronic rhinosinusitis with nasal polyps (CRSWNP) is a common disease in which
inflammatory responses to exogenic stressors, such as viral infections, has been recognised. The role of
viruses in CRSWNP pathogenesis is unclear.

Aims/objectives: We aimed to characterise Epstein-Barr virus (EBV), human papillomavirus (HPV), human
cytomegalovirus (HCMV), and human adenovirus (HAdV) in nasal polyps and adjacent paired healthy
turbinate mucosa.

Materials and methods: We used real-time PCR for EBV, HCMV, and HAdV DNA detection, combined
PCR/microarrays for HPV detection and genotyping, in samples from 45 patients with CRSwWNP.
Additionally, we used EBER in situ hybridisation for EBV detection.

Results: EBV detection with EBER-ISH was significantly higher in polyps (36%) versus turbinate mucosa
(12%). None of the viral comparisons with PCR between polyps and turbinate mucosa for EBV-, HCMV-
or HAdV-DNA showed statistically significant differences. All samples were HPV negative.

Conclusions and significance: We report higher expression of EBV in nasal polyps (36%) than in
adjacent healthy turbinate mucosa (12%), using a valid method; EBER-ISH in 45 patients with CRSwNP.
EBV might be a possible stressor that can trigger polypoid inflammation.
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Microbial agents are considered important environmental
drivers of inflammation in CRS. Epstein-Barr virus (EBV),
human papillomavirus (HPV), human cytomegalovirus
(HCMV), and human adenovirus (HAdV) are typical upper
airway viruses and can establish persistent infections [3-6].
EBV and HPV are also associated with upper airway cancer
in humans [7], and inverted papilloma in the sinonasal cav-
ities [8]. Studies have found EBV in nasal polyps in 35%-
85% [9,10], and HPV in 13%-40% [9,11].

Introduction

Chronic rhinosinusitis with nasal polyps (CRSwNP) is a
common, complex inflammatory disease associated with
significant morbidity and burden regarding healthcare con-
sumption and work productivity loss [1]. In the
Scandinavian population, the incidence of CRSWNP was 63
cases per 100 000 and year in 2002 [2]. The prevalence
was 2.7% in general, and 5% in the elderly > 60years.
Globally, the prevalence of chronic rhinosinusitis (CRS)

with or without polyps has been reported to 5-12% of the
general population [1]. The definition of CRS is presence
of two or more symptoms for > 12weeks, one of which
should be either nasal blockage/obstruction/congestion or
nasal discharge, and with or without facial pain/pressure
and reduction or loss of smell [1]. Patients with CRSWNP
are characterised by a type 2 immune signature and high
tissue eosinophil load.

The inflammatory response to exogenic stressors, such as
viral infection, has been postulated as a part of the complex
host-environmental interaction [1,9]. Since presence of
viruses in CRSWNP is not well described, our aim was to
map EBV, HPV, HCMV, HAAV, in nasal polyps and adjacent
healthy turbinate mucosa. Our hypothesis was that viruses
are expressed in nasal polyps, in contrast to adjacent turbi-
nate mucosa.
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Materials and methods
Materials

This is a prospective, descriptive, cross-sectional study
approved by the Regional Ethical Review Board of Umed
University (2017-277-31M), and the Biobank North (472-13-
008). We are reporting as recommended by the Strengthening
the Reporting of Observational studies in Epidemiology
(STROBE) checklist. After obtaining informed consent,
biopsies from 45 consecutive patients with CRSWNP sched-
uled for endoscopic sinus surgery were collected during the
operation between February 2018 and May 2019. Diagnostic-,
and control biopsies were taken from polyp tissue in the
nasal cavity and nearby macroscopically healthy mucosa
from the inferior turbinate in paired samples. Study partici-
pant characteristics are presented in Table S1 (Supplemental
Online Material).

Methods

We used real-time PCR for EBV, HCMV and HAdV DNA
detection, combined PCR/microarrays (PapilloCheck®,
Greiner BioOneGmbH, Frickenhausen, Germany) for HPV
detection and genotyping in biopsies. Additionally, we
used EBER in situ hybridisation (EBER-ISH) for EBV
detection.

Each biopsy was cut in five 10-um sections for DNA
preparation, followed by extraction using the QIAamp DNA
FFPE Tissue Kit (QIAgen, Hilden, Germany). DNA quality
and quantity was measured with spectrophotometry. A
real-time PCR assay of the BamHI-W region of the EBV
genome was used for EBV detection. HCMV analysis was
obtained by real-time PCR towards the polymerase gene of
HCMV. Detection of HAdV was performed as described by
Hernroth et al. [12], with qualitative real-time PCR. The
microarray PapilloCheck® was used for detection and geno-
typing of 24 HPV-types. It is a multiplex PCR method with
fluorescent primers and requires a DNA fragment of 350bp
for successful performance.

EBV was analysed in biopsies by using EBER-ISH, an
in-situ hybridisation kit, for mapping of EBER transcripts
(Epstein-Barr Encoding Region). From each biopsy, two
5um sections were used. The first was incubated with an
RNA-positive control probe (800-2846, Ventana), and the
second tested for EBER-1 and EBER-2 with the Inform
EBER Probe (800-2842, Ventana Medical Systems, Roche
Diagnostics GmbH, Mannheim Germany). Visualisation was
made by NBT- BCIP Detection System (800-092, Roche
Diagnostics GmbH, Mannheim, Germany). For staining, a
Ventana BenchMark ULTRA system (Roche Diagnostics AG,
Switzerland) was used.

EBER-positive cells were counted in the tissue slides by
three of the authors (AS, SK and KN). EBER was graded as
positive when there were > 1 positive cell per slide, and
negative when there were no positive cells. Consensus was
reached after comparison and re-examination of individual
results.
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Descriptive statistics (IBM SPSS USA, version 26) and
cross tabulations were presented. Data were not normally
distributed, non-parametric tests (McNemars test and
Wilcoxon signed ranks test) were therefore used. A proba-
bility value of equal or less than 0.05 (2-sided) was consid-
ered statistically significant.

Results
EBV detection with PCR and EBER-ISH

EBV was assessed in two steps. First, we analysed EBV
DNA presence or absence with PCR in turbinate mucosa
and polyp tissue. In the second step, samples that were PCR
positive for EBV DNA underwent EBER-ISH for microscopy
of EBER-positive cells and comparison between turbinate
mucosa and polyp tissue.

PCR for EBV DNA in turbinate mucosa showed that
32/41 (78%) were EBV positive. Four out of 32 (12%) sam-
ples were EBER positive, with one cell each visibly stained
in the stroma (Table 1).

PCR for EBV DNA in polyp tissue revealed 34/42 (81%)
EBV positive samples. The remaining 8 samples (19%) were
EBV negative and excluded from EBER-ISH analysis. In
addition, one sample was excluded for EBER count due to
mucus only. Thus, 33 samples had preserved RNA and suc-
cessful EBER-ISH. In 12/33 (36%) of the samples, one or
more positive EBER cell was visible in the stroma at micros-
copy. There were <10 positive cells/sample, except for two
cases with 20 and 90 cells, respectively (Table 1).

The number of EBER-positive cells was significantly higher
in polyps versus turbinate mucosa (p=0.022), which was not
the case with analysis for EBV-DNA with PCR (p=1.000).

HPV-, HCMV- and HAdV-DNA detection with PCR

HPV, HCMV and HAdV were analysed with PCR for DNA,
and thereafter compared in turbinate mucosa and polyp tissue.

All patients were HPV-DNA negative in turbinate (41)
and polyp tissue (42). HCMV-DNA was present in turbinate
mucosa in 6/41 (15%) and in polyp tissue in 1/42 (2%) of
samples (p=0.146). HAAV-DNA was present in turbinate
mucosa in 1/41 (2%) and in polyp tissue in 4/42 (10%) of
samples (p=1.000) (Figure 1).

Table 1. EBER-stained cells in nasal inferior turbinate mucosa and nasal polyp
tissue samples frequencies.

Nasal inferior turbinate

No of EBER-stained cells mucosa (%) Nasal polyp tissue (%)
0 28 (88) 21 (64)
1 4(12) 7 (21)
2 0 103)
6 0 1)
7 0 103)
20 0 1)
90 0 103)
Total 32 (100) 33 (100)
Median 0 0
Mean 0.13 4.09
Interquartile range 0-0 0-1
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Figure 1. HPV-, EBV-, HCMV- and HAdV-DNA detection with PCR. Frequencies in nasal turbinate mucosa versus polyp tissue.

Discussion

The method EBER-ISH, in contrast to PCR, reveals EBV
expression in a significantly higher degree (36%) in nasal pol-
yps versus adjacent healthy turbinate mucosa (12%) in paired
samples. No differences in expression of HCMV or HAdV were
detected by PCR. HPV was not expressed in analysed samples.

PCR versus EBER-ISH for Epstein-Barr virus

Evidence of latent EBV infection with PCR has been pre-
sented in CRS mucosa in 42% of cases compared to controls
[13]. Ioannidis et al. used quantitative real-time PCR and
found EBV in nasal polyps (26.4%) compared to controls
(10.5%) [14]. Zaravinos et al. detected EBV by PCR in 35%
of nasal polyps, but not in control tissue from turbinates [9].
EBV prevalence in nasal mucosa and polyp tissue varies due
to geographical sites, sampling and detection methods. We
found a higher EBV expression in polyp versus turbinate
mucosa using EBER-ISH but not when using real-time PCR,
reflecting the sensitivity differences in methodology. EBER-ISH
is considered the most reliable reference method for histo-
pathological analysis of EBV in tissue biopsies [15]. The polyp
samples had few EBER-stained cells (<10) each, except for
two cases with 20 and 90 cells. Therefore, the results need to
be interpreted with caution. However, EBV might be a possi-
ble stressor in the context of polypoid inflammation, due to
the detection of latent EBV in polyp stroma.

Human cytomegalovirus (HCMV) and human adenovirus
(HAdV)

HCMV and HAdV are usually not pathogenic in immuno-
competent subjects. Data showed low expression of HCMV
and HAdV in both polyp and turbinate mucosa.

Low prevalence of HCMV has been presented in previ-
ous studies, comparing nasal polyp to control tissue from
turbinates in immunocompetent patients [9,14]. However, in
immunocompromised patients, uncommon pathogens such
as HCMV can manifest as rhinitis and sinusitis [5], and in
HIV/AIDS patients, cases are reported with nasal polyps
infected by HCMV in CRS [16].

HAdV and EBV was detected by DNA hybridisation
technique in a pilot study in 9 nasal polyp patients com-
pared to 6 controls, with negative results in both groups
[17]. A Chinese study of nasal microbiota of antrochoanal
polyps in paediatric patients versus healthy controls
revealed a significantly higher HAdV and HCMV positiv-
ity in the control group than in the antrochoanal polyp
group [18].

Absence of HPV

The prevalence of HPV in healthy nasal mucosa and pol-
yps varies in earlier reports. HPV-DNA was absent in
this cohort. Knor et al. reported HPV-DNA in 5.8% of
nasal turbinate mucosa and 15.1% in nasal polyps, where
a subgroup of antrochoanal polyps had a higher preva-
lence of 53.8%, predominantly HPV16 [19]. Oton-Gonzales
et al. detected HPV16 in the antral part of the samples,
but not in the nasal part. Viral DNA was presented at a
low load and in episomal or integrated form [20]. The
divergency in HPV outcome may be due to various detec-
tion methods. We used PapilloCheck’, considered a sen-
sitive, robust and readily available method, routinely used
in the clinical setting for detection of both high- and low
risk HPV genotypes. However, it requires a DNA frag-
ment of 350bp for successful performance, missing out
shorter or fragmented DNA copies, with the risk of false
negative results.



Methodological considerations/limitations

It is likely that the distribution of viral particles and genetic
material is heterogenous in polyps and variable based on
sampling bias and region of tissue labelling. Therefore, it is
possible that we could have missed certain rich regions of
virus material in nasal polyps, which may explain the data
being contradictory in EBER-stained tissue.

We analysed the samples that tested positive for EBV in
PCR with EBER-ISH and is it possible that the tissue in
which the majority of the EBV expression occurred was used
for the PCR and not necessarily reflected in what was left
for the EBER-ISH. Also, we did not try EBER-ISH in tissues
which tested negative for EBV by PCR to confirm that the
PCR was accurate in identifying EBV positive specimens. In
future studies, it would be of interest to perform the PCR
for EBV-DNA and EBER-ISH on all samples and compare
the results, for better understanding EBV’s role in CRSwNP.

We present data on viral presence analysed with PCR in a
descriptive format, though a larger sample cohort is needed to
have more confidence in identifying differences between groups.

We consider the prospective nature, the variety of viruses
examined and the cross-evaluation of viruses in nasal polyps
and turbinate mucosa tissue in the same patient at the same
time, as positive factors and strengths of this study.

Conclusion

Data revealed a significantly higher expression of EBV in
nasal polyps (36%) than in adjacent healthy nasal turbinate
mucosa (12%), using EBER-ISH. Choice of method is
important in future analysis if EBV might be a possible
stressor that can trigger the polypoid inflammation, result-
ing in adult-onset of CRSWNP.
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