
Human Papillomavirus-Associated Oral 
Epithelial Dysplasia: A Practical Approach  
to Make the Diagnosis

Abstract
Background: High-risk Human Papillomavirus (HPV) 
genotypes are found in malignant oral epithelial lesions, 
and HPV infection is proposed as a risk factor for initiating 
Squamous cell carcinoma (SCC) in the head and neck region. 
This study suggests a practical approach to detect HPV in HPV-
associated oral epithelial dysplasia (HAOED).
Methods: Fifty-four oral epithelial dysplasia specimens were 
examined, comprising twenty-seven cases diagnosed with high-
grade dysplasia and twenty-seven cases diagnosed with low-
grade dysplasia using a binary grading system. To assess the 
cases for HPV, the specimens were examined for p16 protein 
using an immunohistochemical (IHC) study, and then, the 
Chromatin In Situ Hybridization (CISH) test was performed for 
all positive cases. Chromatin Immunoprecipitation-Polymerase 
Chain Reaction (ChIP-PCR) was performed on CISH-positive 
specimens to assess the outcome. This cross-sectional study 
was conducted in 2020 at Tehran University of Medical Science. 
SPSS software version 22.0 was used to perform the Chi square 
or Fisher’s exact test to examine the relationship between 
variables (statistically significant level P<0.05).
Results: The expression of p16 protein was not associated with 
the severity of epithelial dysplasia (81.5% in low-grade and 
59.2% in high-grade cases) (P=0.16). Moreover, according to the 
CISH test result, 9.25% of all specimens were positive (P>0.99), 
and in the nine cases, undergone the ChIP-PCR study, two cases 
(22.2%) showed positivity for HPV-16, while one case (11.1%) 
demonstrated positivity for HPV-51.
Conclusion: Regarding HAOED, here, we proposed a step-by-
step combination approach using different diagnostic methods, 
including IHC for p16 protein, CISH, and ChIP-PCR based on a 
complementary algorithm.
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What’s Known

• Human papillomavirus (HPV) plays 
a significant role in the development of 
oropharyngeal dysplasia.
• The role of HPV in oral dysplasia has 
been proven.
• The Chromogenic in situ hybridization 
(CISH) method is standard for determining 
the presence of HPV in oropharyngeal 
dysplasia.
• HPV diagnostic method in oral 
dysplasia needs more studies.

What’s New

• HPV has the potential to cause oral 
dysplasia, as indicated by a prevalence 
rate of 9.25%.
• HPV has not shown a different 
incidence in different severity of dysplasia.
• In some cases, polymerase chain 
reaction (PCR) is necessary in addition to 
CISH to detect HPV in oral dysplasia.
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Introduction

Human papillomavirus (HPV) is a well-known etiologic factor in 
the development of uterine cervical cancers,1 and oropharyngeal 
carcinomas.2 Regarding the distinct clinical behavior of 
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HPV-associated OPCs, pathologists are 
committed to clarifying the HPV status of this 
cancer based on the recently published eighth 
edition of the American Joint Committee on 
Cancer (AJCC) staging guideline, that HPV-
positive cancers are down-staged from IV 
to I in comparison with the seventh edition.3 
Additionally, although smoking tobacco and 
alcohol consumption are the main risk factors 
for initiation of Oral Squamous Cell Carcinoma 
(OSCC), the role of high-risk HPV infection is 
recently associated with the pathogenesis of 
a subset of this cancer as a cofactor4 through 
molecular alteration of epigenetic factors.5

Oral Epithelial Dysplasia (OED) is a 
histopathologically challenging topic for a step 
of epithelial alteration between normal condition 
and malignancy, and it is now well-described as 
an Oral Potentially Malignant Disorder (OPMD).6 
Clinical presentation of OED mostly ranges 
from leukoplakia to erythroplakia or an irregular 
mix of these lesions.7 In the past 50 years, 
many attempts have been made to provide a 
reproducible OED grading system and practically 
link pathologists to clinicians for an effective 
therapeutic intervention without overtreatment.8

Meanwhile, from the primary introduction 
of “Koilocytic dysplasia”,9 several studies have 
proposed a distinct uncommon subtype of OED 
as “HPV-associated Oral Epithelial Dysplasia” 
(HAOED)10 and have made the diagnosis of 
this OPMD more critical and complicated. A 
recently published meta-analysis showed that 
25.3 percent of OEDs are associated with 
HPV infection; though the method of HPV 
detection- immunohistochemistry, PCR, or In Situ 
hybridization (ISH)- has a significant impact on the 
sensitivity of the detection.11 Although high-risk 
HPVs- including HPV16- are commonly identified 
in HAOED similar to oropharyngeal cancers, 
long-term follow-up is necessary to recognize 
any clinical difference between the malignant 
transformation of positive and negative cases.12

The present study utilized various HPV 
detection methods in HAOED cases to identify a 
feasible, sensitive, and reproducible algorithm to 
differentiate HAOED from common OED cases. 
Due to the multifactorial nature of oral dysplasia 
such as SCC and the effect of various factors on it 
and also due to the proven role of HPV in dysplasia 
cases and the onset of SCCs in the head and neck 
region, aimed to evaluate the presence of HPV in 
OED cases using several diagnostic methods.

Patients and Methods

Patients and Specimens
Formalin-fixed paraffin-embedded blocks of 

OED cases were obtained from the Oral and 
Maxillofacial Pathology Department’s laboratory, 
Tehran University of Medical Sciences (TUMS), 
Tehran, Iran. The inclusion criteria were the 
diagnosis of OED in their pathologic reports 
and the absence of inflammation with lichenoid 
pattern in the target tissue in histopathological 
examination. In all stages of this study, samples 
were previously prepared for diagnostic purposes 
from patients and were not for this study. For 
this reason, informed consent was not obtained 
from the patients. This cross-sectional study 
was conducted in 2020 at Tehran University of 
Medical Science and ethically approved by the 
Ethics Committee of the School of Dentistry, 
Tehran University of Medical Sciences (No. 
IR.TUMS.DENTISTRY.REC.1399.096).

Demographic information of all the patients, 
including age, sex, and anatomical site of the 
lesion, were extracted from the submitted records. 

In accordance with the findings of Angerio 
and others study,13 the frequency of high-risk 
HPV was observed to be 8% and 46% in samples 
with low and high degrees of hyperplasia, 
respectively. To scrutinize the variance between 
the two ratios, amounting to 38%, while 
maintaining a type 1 error rate of 5% and a 
statistical power of 80%, at least 17 samples are 
necessary in each group. As a precautionary 
measure, if the difference in frequency between 
the groups is postulated to be 30%, at least 27 
samples are required in each group. To estimate 
the required sample size for evaluating the 
hypothesis of comparing the prevalence of HPV 
between samples with low and high degrees of 
hyperplasia, the following statistical formula was 
employed to compare two proportions.14

Microscopic Evaluation and Grading
Histopathologic assessment of the 

specimens was performed on hematoxylin 
and eosin (H&E) stained 4-μm-thick paraffin 
sections. Microscopic findings, consisting of 
acanthosis, hyperkeratosis, papillomatosis, 
verrucous pattern, and koilocyte-like cells, were 
included in the histopathologic examination. 

All OEDs were graded according to the 
binary grading system15, 16 and were divided into 
two groups of ‘‘low-risk’’ or ‘‘high-risk’’ cases. 
The binary system was proposed by Omar Kojan 
and colleagues and divided dysplastic lesions 
into two groups: high-grade and low-grade. 
High-grade dysplasia lesions are determined 
by having at least four criteria of changes in the 
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general shape of the epithelium and five criteria 
of cytological changes of the WHO criteria 
based on microscopic observation. Low-grade 
dysplasia is determined based on observing 
less than four general changes in the epithelium 
or less than five cytological changes (WHO 
criteria).15

Immunohistochemical Study
An immunohistochemical (IHC) study for 

p16 was performed on 4-μm-thick paraffin 
sections. All the sections were deparaffinized 
and rehydrated. Primary antibody (Mouse anti-
human p16INK4A, Monoclonal Antibody, Clone 
MX007, Master Diagnostica, Spain; dilution 1:40, 
pH 7.3) incubated for 10 min. Master Polymer 
Plus Detection System (HRP) (DAB included; 
Master Diagnostica-000237QK, Spain) was 
used as the detection system. Finally, the 
slides were counterstained with hematoxylin 
and mounted. HPV-positive oropharyngeal 
carcinoma specimen was used as a positive 
control. Omitting the antibody and using 
phosphate-buffered saline were performed as a 
negative control.

Two experienced oral pathologists (S.D. and 
P.A.) blindly assessed stained slides for p16 
expression. Both nuclear and combined nuclear/ 
cytoplasmic stained specimens were considered 
positive. The positive cells were scored 
according to the proportion of stained cells as 
follows: 0%=0, 1-10%=1, 11-50%=2, 51-80%=3, 
81-100%=4. It finally scored as follows:

Score 0: Negative (no positive cells) 
Score 1: Focally positive (1-80% of cells 

show positivity). 
Score 2: Diffusely positive (81-100% of cells 

show positivity).17

Chromogenic In Situ Hybridization 
A Chromogenic In Situ Hybridization (CISH) 

study was performed in 37 cases, showing 
scores of 1 and 2 in the IHC study for p16. 
Briefly, after dehydration in 100% ethanol for 
1 min, 10 μl of ZytoFast CISH Probe (ZytoFast 
PLUS CISH Implementation Kit AP-Permanent 
Red, Zytovision, Prod. No. T-1151-40, Germany) 
for HPV genotypes 16, 18, 31, and 33 (ZytoFast 
HPV type 16/18 Probe, Prod. No. T-1056-400, 
Germany and ZytoFast HPV type 31/33 Probe, 
Prod. No. T-1057-400, Germany) were used, and 
the slides were assessed using light microscopy. 

Chromatin Immunoprecipitation PCR
Among the samples that were subjected to 

the IHC test for p16 protein and CISH, to finalize 
and confirm the diagnosis of the presence or 
absence of HPV, the HPV Direct Flow CHIP 

test was performed on two groups of samples, 
including samples whose result was focally 
positive in the p16 test and equivocal in the CISH 
test (N=5), and samples whose results were 
diffusely positive in the p16 test and negative in 
the CISH test (N=4). We used the HPV Direct-
Flow Chip Kit (HS12, PCR Reagents, Master 
Diagnostia, Granada, Spain). In this protocol, the 
clinical samples can be amplified directly with 
no need to extract DNA. Amplification cycling 
conditions in the peqSTAR XS ThermoCycler 
followed the manufacturer’s instructions. 5 μL 
of the liquid suspension under the paraffin layer 
was used as a DNA template. Automated reverse 
hybridization was performed on hybriSpot 24 
(HS24, ref.MAD-003930MU-HS24, Master 
Diagnostica, Spain), which allows the DNA 
target molecules to cross the membrane and 
bind to the complementary probes. NBT-BCIP 
substrates were added to colorimetric detection 
by detecting alkaline phosphatase activity and 
creating insoluble purple precipitates. 

Statistical Analysis 
The Chi square test (or Fisher’s exact test, 

if appropriate) was performed to investigate the 
relationship between independent (OED grade 
and histopathologic factors) and qualitative 
dependent (IHC for p16 and CISH test for high-risk 
HPV) variables. The statistically significant level 
was considered less than 0.05. For quantitative 
variables, because they did not follow the normal 
distribution, the median was reported along 
with the first and third quartiles (Q1 and Q3). 
Statistical analyses were performed using SPSS 
software version 22.0 (IBM, Armonk, NY, USA).

Results

A total of fifty-four OED cases were examined, 
comprising twenty-seven cases diagnosed with 
high-grade dysplasia and twenty-seven cases 
diagnosed with low-grade dysplasia. In the low-
grade group, 12 females (44.4%) and 15 males 
(55.6%), and in the high-grade group, 17 females 
(63.0%) and 10 males (37.0%) were included. 
The mean age of the patients with low-grade 
and high-grade dysplasia was 56.93 (ranging 
from 29 to 78) and 62.89 (ranging from 29 to 78), 
respectively.

Immunohistochemistry
The percentage of p16 protein expression in 

both low-grade and high-grade groups indicates 
a median of 10%. Besides, in the low-grade 
group, the inter-quarter range was 35% (Q1=5, 
Q3=40), and in the high-grade group, the inter-
quarter range was 50% (Q1=0, Q3=50).
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According to the p16 protein expression, in 
the low-grade group, five out of 27 cases (18.5%) 
showed a final score of 0, 20 out of 27 cases 
(74.1%) demonstrated a final score of 1, and two 
out of 27 cases (7.4 %) were observed with a 
final score of 2. Furthermore, in the high-grade 
group, 11 out of 27 specimens (40.7%) showed a 
final score of 0, 13 out of 27 specimens (48.1%) 
demonstrated a final score of 1, and three out of 
27 specimens (11.1%) were observed with a final 
score of 2 (figure 1).

There was no significant association between 
the expression of p16 protein expression and the 
severity of dysplasia (P=0.16).

Chromogenic In Situ Hybridization 
The CISH study for HPV-16 and -18 showed 

three positive cases (11.1%) in the low-grade 
group and two positive cases (7.4%) in the 
high-grade group. There was no significant 
association between HPV-16 and -18 positivity 
and the severity of dysplasia (P>0.99).

Moreover, the CISH study for HPV-31 and 
-33 demonstrated one positive case (3.7%) in 
the low-grade group and two positive cases 
(7.4%) in the high-grade group, which showed no 
significant association between HPV-31 and -33 

positivity and the severity of dysplasia (P>0.99).
Furthermore, three specimens showed 

positive expression for all HPV-16, -18, -31, and 
-33 using a CISH study (figure 2).

Chromatin Immunoprecipitation PCR
Out of the five samples whose IHC staining 

result was diffusely positive and the CISH test 
result was negative, in the ChIP-PCR test, 
four samples were negative for the presence 
of HR-HPV, and only one sample reported the 
presence of HPV-51. 

Out of the four samples, the final score of IHC 
staining was focally positive, and in the CISH 
tests the results were equivocal. In the ChIP-PCR 
test for the presence of HR-HPV, HPV-16 was 
positive in two samples, and in two samples, the 
presence of the virus was reported as negative.

In total, nine specimens were assessed for 
high-risk HPVs using ChIP-PCR, and six cases 
(77.7%) were negative, two cases (22.2%) were 
positive for HPV-16, and one case (11.1%) was 
positive for HPV-51.

Finally, three cases from the low-grade group 
and three cases from the high-grade group 
showed positivity, and there was no significant 
association between the presence of high-risk 

Figure 1: The Immunohistochemistry (IHC) study for p16 was performed for all samples, the brown stained cells indicate p16 
expression. a) A specimen in which no p16 protein expression was observed (×40). b) A specimen in which 30% p16 protein 
expression was observed (×100). c) A specimen in which 60% p16 protein expression was observed (×100). d) A specimen in 
which 80% p16 protein expression was observed (×40).
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Figure 2: Chromogenic in situ hybridization (CISH) study for human papillomavirus (HPV) was performed for the samples with 
scores 1 and 2 in the Immunohistochemistry (IHC) study for p16. a) A specimen of uterine cervical tissue, which was performed 
for a positive control for the CISH study (×400). b, c, d) Specimens that were positive in the CISH study (×400).

Table 1: Microscopic findings in low-grade and high-grade dysplasia cases
Variables Low-grade dysplasia

N=27
N (%)

High-grade dysplasia
N=27
N (%)

Odds ratio
 (95% confidence 
interval)

P value*

Papillomatosis Present 8 (29.6%) 13 (48.1%) 2.21 (0.72-6.75) 0.16
Absent 19 (70.4%) 14 (51.9%)

Verrucous Present 3 (11.1%) 2 (7.4%) 0.64 (0.10-4.17) >0.99
Absent 24 (88.9%) 25 (92.4%)

Hyperkeratosis Present 16 (59.2%) 13 (48.1%) 0.64 (0.22-1.87) 0.41
Absent 11 (40.8%) 14 (51.9%)

Acanthosis Present 26 (96.3%) 26 (96.3%) 1.00 (0.06-16.85) >0.99
Absent 1 (3.7%) 1 (3.7%)

Koilocyte Present 9 (33.3%) 4 (14.8%) 0.35 (0.09-1.31) 0.11
Absent 18 (66.7%) 23 (85.2%)

*A statistical analysis using either the Chi square test or Fisher’s exact test, as deemed appropriate, was conducted.

Table 2: Microscopic findings in human papillomavirus-positive and -negative cases
Variables HPV-Positive

N=6
N (%)

HPV-Negative
N=48
N (%)

Odds ratio
(95% confidence 
interval)

P value*

Papillomatosis Positive 3 (50%) 18 (37.5%) 1.67 (0.03-9-16) 0.67
Negative 3 (50%) 30 (62.5%)

Verrucous Positive 2 (33.3%) 3 (6.2%) 7.50 (0.95-59.89) 0.09
Negative 4 (66.7%) 45 (93.8%)

Hyperkeratosis Positive 5 (83.3%) 24 (50%) 5.00 (0.54-46.05) 0.20
Negative 1 (16.7%) 24 (50%)

Acanthosis Positive 6 (100%) 46 (95.8%) - >0.99
Negative 0 (0%) 2 (4.2%)

Koilocyte Positive 2 (33.3%) 11 (22.9%) 1.68 (0.27-10.44) 0.62
Negative 4 (66.7%) 37 (77.1%)

*A statistical analysis using either the Chi square test or Fisher’s exact test, as deemed appropriate, was conducted.
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HPVs based on all IHC, CISH, and ChIP-PCR 
studies and the severity of dysplasia (P>0.99).

Microscopic Evaluation 
Microscopic findings including papillomatosis, 

verrucous, hyperkeratosis, acanthosis, and the 
presence of koilocyte-like cells are shown in 
tables 1 and 2 (figure 3).

Discussion

The results of this study showed that the 

expression of p16 protein was not associated 
with the severity of epithelial dysplasia (81.5% 
in low-grade and 59.2% in high-grade cases). 
Additionally, according to the CISH test result, 
9.25% of all specimens were positive, and in the 
nine cases undergone the ChIP-PCR study, two 
cases (22.2%) showed positivity for HPV-16, 
and one case (11.1%) demonstrated positivity for 
HPV-51.

For clinicians, OED is a dilemma because 
of the unknown potential transformation risk to 
OSCC. OED is a range of tissue and cellular 

Figure 4: The proposed algorithm to detect human papillomavirus (HPV) in HPV-associated oral epithelial dysplasia (HAOED). 
(CISH: Chromogenic in situ hybridization, PCR: Polymerase chain reaction, HPV: Human papillomavirus)

Figure 3: Histopathological features were observed and analyzed in all samples (H&E staining). a) Epithelial tissue with 
prominent papillomatosis was observed (×40). b) Epithelial tissue with verrucous features was observed (×40). c) Epithelial 
tissue with hyperkeratosis was observed (×40). d) Epithelial tissue with acanthosis was observed (×100). e) Epithelial tissue 
with koilocytic cells was observed (×400).
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changes restricted to the surface epithelial 
layers without any invasion into the underlying 
connective tissue.18

Although these alterations commonly 
manifest all the time,19 HPV has been established 
as a primary cause of squamous cell carcinoma 
of the uterine cervix and oropharyngeal 
region.20-22 There is no definitive evidence of the 
carcinogenic role of HPVs in the oral cavity23 and 
an extremely variable range of HPV detection, 
from 0 to 100 percent, is reported in malignant 
and potentially malignant oral lesions.24

One of the most important reasons for this 
variability is the different methods of HPV 
detection. Furthermore, some of them are 
associated with the lesion’s anatomical site, 
based on viral integration into the cellular 
genome.25 Another noticeable point that may 
affect HPV detection is the different grades of 
dysplasia, especially when different grading 
systems are used. For example, we analyzed 
HPV detection in 54 cases of OED and graded 
them using the binary system in addition to IHC 
assessment of p16 protein, CISH, and PCR 
methods. In our study, 70.4% of the specimens 
demonstrated positive immunoreaction for the 
p16 antibody.

Although no significant difference between 
different dysplasia grades was found in our 
study, some studies demonstrated different 
expressions of p16 in different grades of 
dysplasia.24, 25

Besides, there are controversial studies 
about histopathologic features associated with 
HPV-positive OED.12 These histopathologic 
features are named virus-associated dysplasia/ 
bowenoid papulosis.26 

Woo and others reported specific 
histopathologic features in 100% of the cases with 
positive p16 and high-risk HPV-DNA.27 However, 
some studies did not confirm the association 
between some specific histopathologic features 
and the expression of p16 or HPV-DNA,25, 28 
similar to our study. 

A few studies reported an association 
between HPV and OED, which was confirmed 
by both positive p16 findings and DNA ISH.12, 25, 26

As mentioned, there are various methods for 
HPV detection, and choosing the best method 
with the highest sensitivity seems a big dilemma.

Jayaprakash and others, in a meta-analysis 
on OED, reported that PCR shows significantly 
higher sensitivity than ISH for the evaluation of 
HPV-16 and -18.11

In another review in 2017, it was reported that 
although ISH study carries a low sensitivity, PCR 
has a risk of false positive results in the detection 
of HPV, especially endemic infections, which 

are not commonly associated with pathologic 
tumors.29

In our study, we used the CISH method for 
all p16 positive cases and the PCR method 
to confirm negative-CISH and diffusely p16 
positive cases and equivocal CISH results with 
focally positive p16 cases.

We showed that the expression of p16 protein 
could not be a reliable indicator of HPV in OED, 
regarding all five diffusely-p16 positive cases, 
which showed negative results using both CISH 
and ChIP-PCR studies.

The results are consistent with previous 
studies on HPV DNA integration into the host 
genome in potentially malignant oral lesions.24, 25  
Although the IHC study for p16 is available and 
feasible, it is not a sensitive method to detect 
HPV in OED. However, unlike OED, there is 
a strong association between HPV and the 
expression of p16 protein in oropharyngeal 
squamous cell carcinoma.29

In the absence of a universal standardized 
method to detect HPV in HAOED, we proposed 
a step-by-step combination approach using 
different diagnostic methods based on a 
complementary algorithm (figure 4).

To determine a protocol for checking the 
presence of high-risk HPV subtypes in oral 
dysplastic tissues using existing diagnostic 
methods, the p16 method for HPV detection and 
subtype determination in oral dysplasia samples 
is not definitively helpful. It is better to use the 
CISH diagnostic method from the very beginning, 
which can identify the high-risk subtypes of 
HPV. Besides, for samples that have been 
paraffinized, this diagnostic method has shown 
high accuracy. In the samples whose CISH test 
results are reported positive and the staining 
pattern is similar to the positive control, the 
presence of HPV in them should be considered 
positive. In the samples whose result of the CISH 
test is reported as negative and the staining 
pattern is similar to the positive control, the 
presence of HPV in them should be considered 
definitively positive. In some dyed samples, the 
percentage of staining may be seen at a deficient 
level compared to the positive control, which can 
be used to diagnose these samples by PCR test 
definitively. In the PCR method, it is possible to 
distinguish the types of HPV, and good accuracy 
clearly has been shown for this method in frozen 
and freshly biopsied tissues in studies. However, 
for paraffined samples, it is better as an auxiliary 
method for CISH testing.

All HPV detection methods have their 
advantages and disadvantages considering 
cost, sensitivity, DNA or protein detection, and 
others. Here, we recommended an algorithm to 
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collect the benefits of all detection methods in 
a well-designed order. It is clear that using any 
single method of HPV detection has significant 
limitations.30

Among the limitations of the present study, 
the following can be mentioned: the difficulty in 
performing laboratory procedures, the sensitivity 
of diagnostic tests to the technique of use, the 
need for a skilled technician to perform these 
tests, and the small volume of tissues, since 
some of the initial samples are biopsies.

Conclusion

At the current state of knowledge, HPV detection 
methods for HAOED still remain a controversial 
issue. It is very important to have a practical 
combination of methods to accurately detect 
HPV in OED lesions. A simple step-by-step 
algorithm to facilitate the diagnosis of HAOED is 
suggested here.
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