
Frontiers in Oncology | www.frontiersin.org

Edited by:
Mauro G. Tognon,

University of Ferrara, Italy

Reviewed by:
Yonggang Pei,

Southern University of Science and
Technology, China

Zhiqiang Qin,
University of Arkansas for Medical

Sciences, United States
Chiara Mazziotta,

University of Ferrara, Italy

*Correspondence:
Peter C. Angeletti

Peter.Angeletti@unl.edu

Specialty section:
This article was submitted to

Cancer Genetics,
a section of the journal
Frontiers in Oncology

Received: 28 January 2022
Accepted: 11 March 2022
Published: 14 April 2022

Citation:
Julius P, Siyumbwa SN, Moonga P,

Maate F, Kaile T, Haynatski G,
Minhas V, Snow J, Peterson K,

Gihozo P, Streeter S, Kaur S, Evans A,
Gonzalez D, Samwel K, KangG,West JT,
WoodC and Angeletti PC (2022) Epstein–
Barr Virus, But Not HumanPapillomavirus,

Is Associated With Preinvasive and
Invasive Ocular Surface Squamous

Neoplasias in Zambian Patients.
Front. Oncol. 12:864066.

doi: 10.3389/fonc.2022.864066

ORIGINAL RESEARCH
published: 14 April 2022

doi: 10.3389/fonc.2022.864066
Epstein–Barr Virus, But Not Human
Papillomavirus, Is Associated With
Preinvasive and Invasive Ocular
Surface Squamous Neoplasias in
Zambian Patients
Peter Julius1, Stepfanie N. Siyumbwa1, Phyllis Moonga2, Fred Maate1, Trevor Kaile1,
Gleb Haynatski3, Veenu Minhas3, Jazmine Snow4, Kerstin Peterson4, Patience Gihozo4,
Sam Streeter4, Salan Kaur4, Annika Evans4, Daniela Gonzalez4, Kandali Samwel5,
Guobin Kang6, John T. West6, Charles Wood6 and Peter C. Angeletti 4*

1 Department of Pathology and Microbiology, School of Medicine, Lusaka, Zambia, 2 University Teaching Hospital, Eye
Hospital, Lusaka, Zambia, 3 Department of Biostatistics, University of Nebraska Medical Center, Omaha, NE, United States,
4 Nebraska Center for Virology and the School of Biological Sciences, University of Nebraska-Lincoln, Lincoln, NE, United
States, 5 Ocean Road Cancer Institute, Dar es Salaam, Tanzania, 6 Department of Interdisciplinary Oncology, Louisiana State
University Health Science Center, New Orleans, LA, United States

Background: The etiopathogenesis of ocular surface squamous neoplasia (OSSN) is not
fully understood. We assessed the frequency of oncogenic viruses in OSSN by
immunohistochemistry (IHC) and polymerase chain reaction (PCR) for human
papillomavirus (HPV), Epstein–Barr virus (EBV), Merkel cell polyomavirus (MCPyV),
Kaposi sarcoma virus, and adenovirus. Cases from Zambia were prospectively enrolled
using a cross-sectional study design between November 2017 and March 2020.

Methods: Demographic and clinical data [age, sex, HIV status, antiretroviral therapy
(ART) history, CD4 count, plasma viral load] and tumor biopsies were collected from 243
consenting patients. Tumor samples were bisected, and half was used for DNA isolation,
while the other half was formalin fixed and paraffin embedded (FFPE) for histopathology
analysis. The expressions of latent EBV nuclear antigen 1 (EBNA1), CDKN2A/p16INK4A
(p16), and MCPyV large T-antigen (LT) were tested by IHC. Multiplex PCR was used to
detect 16 HPV genotypes and four other DNA tumor viruses [Kaposi’s sarcoma-
associated herpesvirus (KSHV), EBV, MCPyV, and adenovirus]. Relationships between
HIV status, viral DNA and protein expression, and tumor grades were determined by
statistical analysis.

Results: OSSN tumors from patients were 29.6% preinvasive and 70.4% invasive.
Patients presented with unilateral tumors that were 70.4% late stage (T3/T4). OSSN
patients were HIV positive (72.8%). IHC on 243 FFPE biopsies resulted in the detection of
EBNA1 (EBV), p16 high-risk HPV (HR-HPV), and MCPyV LT expression in 89.0%, 4.9%,
and 0.0%, respectively. EBNA1 was expressed in all grades of preinvasive [cornea–
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conjunctiva intraepithelial neoplasia (CIN)1, 100%; CIN2, 85.7%; CIN3, 95.8%; and
carcinoma in situ (CIS), 83.8%] and in invasive (89.2%) OSSN. PCR on 178 samples
detected EBV, HR-HPV, and MCPyV in 80.3%, 9.0%, and 13.5% of tumors, respectively.
EBV was detected in all grades of preinvasive and invasive OSSN. EBV detection was
associated with high HIV viral loads (p = 0.022). HR-HPV was detected in 0.0% CIN1,
0.0% CIN2, 5.6% CIN3, 13.0% CIS, and 7.0% invasive OSSN.

Conclusions: Our findings of EBV DNA and EBNA1 protein in all the grades of
preinvasive and especially invasive OSSN are consistent with a potential causal role for
EBV in OSSN. A role of HPV in OSSN was not clearly established in this study.
Keywords: ocular surface squamous neoplasia, human papillomavirus, Epstein–Barr virus, human
immunodeficiency virus, Zambia
INTRODUCTION

Ocular surface squamous neoplasia (OSSN) is the most common
malignancy of the ocular surface (cornea and conjunctiva) (1).
The reported increase in OSSN incidence is mainly due to the
surge in the number of cases reported from sub-Saharan Africa,
which are associated with HIV infection (2) and compounded by
limited access to healthcare, infectious diseases, and poverty (3).

The etiology of OSSN remains unclear and may be
multifactorial (4). UV-B radiation has been shown to induce
OSSN (1, 5–10). Immunosuppression and chronic inflammation
resulting from HIV infection may promote OSSN development
(1, 11). HIV-infected persons are more likely to be infected by
other infectious agents, including oncogenic viruses, than the
general population (12–14) and have a 12-fold increased risk for
OSSN (2). Oncogenic viruses linked to HIV-associated
malignancy include Epstein–Barr virus (EBV), associated with
nasopharyngeal carcinoma, Hodgkin’s and non-Hodgkin’s
lymphoma and human papillomavirus (HPV), associated with
carcinomas of the cervix, anus, penis, oropharynx, vulva, and
vagina, Kaposi sarcoma virus, Kaposi’s sarcoma-associated
herpesvirus (KSHV), pleural effusion lymphoma, multicentric
Castleman disease, Merkel cell polyomavirus (MCPyV)
associated with Merkel cell carcinoma, and hepatitis B and C
viruses (HBV/HCV) (liver cancer) (15–17).

Immunosuppression reduces surveillance for infections and
tumor cells, resulting in reactivation or persistence of disease,
and/or chronic inflammation, which increases the risk for
malignant transformation (18). The observation that OSSN
develops in younger patients with HIV/AIDS raises the
question about whether commonly acquired viruses are
associated with OSSN.

HPV is an epitheliotropic DNA virus that causes malignancy
at multiple mucosal sites in the body (19). The IARC has
estimated that HPV is associated with 8.6% and 0.8% of solid
tumors in women and men, respectively (4, 19). Several studies
have investigated the role of HPV in the etiology of preinvasive
(cornea–conjunctiva intraepithelial neoplasia) and invasive
[cornea–conjunctiva squamous cell carcinoma (CSCC)] OSSN
as well as uveal cancers (20). They have reported variation in
prevalence rates ranging from 0% to 100% (20). Recently, in a
2

systematic review of 39 studies, Ramberg et al. (20) found a
pooled HPV prevalence of 26% in OSSN, with the lowest
frequencies reported in African countries (21–25).

The low frequency and variation in HPV prevalence may be
due to the small sample size used in most studies (20), use of
archived formalin-fixed and paraffin-embedded (FFPE) blocks
with suboptimal tissue preservation for molecular studies,
clinical heterogeneity of tumors, and/or inadequate sampling
of tumors for molecular testing. The World Health
Organization’s (WHO) International Agency for Research on
Cancer (IARC) has concluded that the evidence that HPV, as an
etiologic agent for OSSN, is weak (4).

Using optimal and consistently preserved FFPE tissue, and
fresh frozen tissue samples, the present study aimed to
investigate the prevalence of different oncogenic viruses, EBV,
HPV, MCPyV, KSHV, and adenoviruses in preinvasive and
invasive OSSN. Also, we wanted to determine the relationship
between the patient clinicopathologic features and the oncogenic
virus status of the tumor tissue.
METHODS

The University of Zambia Biomedical Research Ethics
Committee (UNZABREC IRB # 015-05-17), the Zambia
National Health Research Authority, and the University of
Nebraska-Lincoln’s Institutional Review Board (IRB #
20170817442FB) approved this study. Using a cross-sectional
study design (Figure 1), we prospectively recruited patients 18
years and older who presented with an ocular surface tumor at
the University Teaching Hospital in Lusaka, Zambia, between
November 2017 and March 2020, as previously described (26).
Consenting patients with a diagnosis of preinvasive and invasive
OSSN and with adequate FFPE tissue for immunohistochemistry
(IHC) were included in this analysis.

Data on age, sex, HIV status, antiretroviral therapy (ART)
history, CD4 count, plasma viral load, diagnostic category, tumor
subtype, grade, and stage were collected. All participants had
primary disease with no previous treatments received. Clinical
staging of the tumors followed the eighth edition of the American
Joint Committee on Cancer Staging manual (2018) (27).
April 2022 | Volume 12 | Article 864066
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Following clinical assessment and histologic confirmation of
OSSN diagnosis, tumor samples were collected and processed
as previously described (26). Two pathologists reviewed and
examined hematoxylin and eosin (H&E)- and mucicarmine-
stained slides. The final diagnosis was arrived at independently
and, when they differed, by consensus. We classified tumors into
preinvasive [cornea–conjunctiva intraepithelial neoplasia (CIN)]
and invasive (CSCC) OSSN according to the fourth edition of the
WHO classification of tumors of the eye (28). The preinvasive
tumors were subtyped as CIN1, CIN2, and CIN3 and carcinoma
in situ (CIS). Invasive OSSNs were subtyped and graded
according to the WHO Classification of Tumors of the Eye,
fourth edition (28). Vascular and perineural invasion was
assessed for each invasive tumor.

A total of 243 patient FFPE tissue blocks with adequate tumor
tissue were included in the analysis. One hundred seventy-eight
patients had accompanying tissue for nucleic acid extraction,
fixed in RNAlater solution for 24 h, subsequently kept at -80°C
for long-term storage and subsequent analyses. The FFPE and
frozen tissue samples were shipped to the University of Nebraska
for IHC, DNA extraction, and PCR amplification.

Immunohistochemistry
IHC was performed on FFPE tissue sections to analyze the
expression of latent Epstein–Barr virus nuclear antigen 1
(EBNA1), CDKN2A/p16INK4A (p16), and MCPyV LT to
facilitate the detection of EBV, HR-HPV, and MCPyV tumor
viruses, respectively. The antibodies and dilutions used for the
IHC analysis were as follows: anti-EBV nuclear antigen/EBNA1
mouse monoclonal antibody [E1-2.5] (ab8329, Abcam, USA)
was used at a 1/50 dilution, anti-CDKN2A/p16INK4A mouse
monoclonal antibody [JC2] (ab267833, Abcam USA) was used at
a 1/1,000 dilution, and anti-MCPyV LT mouse monoclonal
Frontiers in Oncology | www.frontiersin.org 3
antibody [2t2] (MABF2316, EMD Millipore, USA) was used at
a 1/500 dilution.

Briefly, 6-µm-thick tissue sections were cut from the tissue
blocks and mounted on charged slides. The slides were incubated
in a 60°C oven overnight. The tissue sections were deparaffinized
in two subsequent washes (5 min each) using xylene and
rehydrated by 5-min subsequent washes in 100%, 100%, 85%,
and 70% ethanol. Endogenous peroxidase activity was blocked
using 3% hydrogen peroxide (H2O2) methanol solution for 30
min at room temperature. Slides were rinsed in distilled water
(three changes at 3 min each). Antigen retrieval was achieved by
boiling in 10 mM citrate buffer, pH 6, for 15 min using a steamer.
Slides were allowed to cool in the buffer for 20 min. The tissue
was rinsed using a 1× phosphate-buffered saline (PBS) buffer.
Normal goat serum (10%) was used as a blocking solution for 30
min at room temperature in a humidity chamber. Slides with
primary antibodies were incubated overnight at 4°C in a
humidity chamber. Following overnight incubation, slides were
allowed to warm up to room temperature for 1 h and rinsed in 1×
PBS (three changes at 3 min each). Tissue slides were then
incubated with the Anti-mouse horse radish peroxidase (HRP)-
labeled secondary antibody (K4001, Dako, USA) for 30 min at
room temperature. Slides were rinsed in 1× PBS (three changes at
3 min each) . The s ignal was developed using the
diaminobenzidine (DAB) substrate-Chromogen System
(K3468, Dako, USA). Harris hematoxylin was used as
a counterstain.

The stained slides were digitalized using a slide scanner
(MoticEasyScan Pro 6, Motic, USA) and examined using the
Motic digital slide assistant software (Motic DSAssistant VM
3.0). A strong and diffuse nuclear and cytoplasmic staining by
p16, a surrogate marker for high-risk HPV (HR-HPV) infection,
in more than 75% of the tumor cells was considered positive for
FIGURE 1 | Experimental design.
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HR-HPV infection. Intense punctate or diffuse staining within
the nucleus by anti-EBV nuclear antigen/EBNA1 antibody IHC
was deemed positive for EBV infection. Perinuclear dot staining
by anti-MCPyV LT antibody was considered positive for
MCPyV infection.

DNA Extraction From Ocular Surface
Squamous Neoplasia Samples
According to the manufacturer’s instructions, DNA extraction
from OSSN samples was carried out. DNA was extracted from
the frozen tumor tissue using the Qiagen DNeasy Blood and
tissue kit (Qiagen Inc., Valencia, CA, USA; catalog number
69506). The concentrations of the extracted genomic DNA
were determined using a nanodrop spectrophotometer. DNA
samples were stored at -20°C until PCR analysis. PCR
amplification of the beta-globin gene was used to assess the
quality of the extracted DNA. The beta-globin primers used are
included in Supplementary Table S5.

HPV Multiplex PCR Assay
PCRs for 16 HPV genotypes (6, 11, 16, 18, 30, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, and 66) were performed using a multiplex PCR
kit. The PCR was performed in a single reaction tube using a
type-specific Multiplex PCR kit (Qiagen Inc., Redwood City, CA,
USA), following the manufacturer’s instructions and as described
previously (29, 30). One microliter of DNA sample solution
containing at least 50 ng of DNA (clinical sample or HPV
plasmid DNA as a positive control) was used as the template
for PCR amplification. The thermocycler conditions included
incubation at 95°C for 15 min, 40 cycles of denaturation at 94°C
for 30 s each, annealing at 70°C for 90 s, extension at 72°C for 60
s, and final extension at 72°C for 60 s. The PCR products were
analyzed on a 5% polyacrylamide gel electrophoresis in 1× tris-
borate ethylenediamine tetraacetic acid (TBE) and stained with
ethidium bromide. The gel images were captured by the
ChemiDoc MP Imaging system (Bio-Rad, Hercules, CA, USA).
A sample was called positive for a specific HPV genotype when a
clear band was visualized on the gel. A single unique molecular
weight band detected for each HPV genotype, except for HPV16,
which was detected by visualization of two separate bands, as a
means of confirmation. The detection limit was between 1 and 10
copies per reaction (29, 30).

DNA Tumor Virus Multiplex and Epstein–
Barr Virus Confirmation PCR Assays
PCRs for four DNA tumor viruses (KSHV, EBV, MCPyV, and
adenovirus) were performed using a multiplex PCR kit using the
primers indicated in Supplementary Table S5 in a single
reaction. Primers for adenovirus were developed and evaluated
by Ko et al. (31) and Xu et al. (32), while those for and KSHV by
Mortazavi et al. (33). The primers for EBV and MCPyV for the
multiplex PCR were designed and developed by this study.

DNA tumor virus (DNATV) PCR was performed in a single
reaction tube using a Multiplex PCR kit (Qiagen Inc., Redwood
City, CA, USA) following the manufacturer’s instructions. One
microliter of DNA sample solution containing at least 50 ng of
Frontiers in Oncology | www.frontiersin.org 4
DNA of the clinical sample (or control DNA) was used as the
template for PCR amplification. The thermocycler conditions
included pre-melt at 94°C for 15 min, 40 cycles of denaturation
at 94°C for 30 s each, annealing at 70°C for 90 s, extension at 72°
C for 60 s, and final extension at 72°C for 10 min. The PCR
products were analyzed on a 6% polyacrylamide gel
electrophoresis in 1× TBE and stained with ethidium bromide.
The gel images were captured by the ChemiDoc MP Imaging
system (Bio-Rad, Hercules, CA, USA). A sample was called
positive for a specific DNA tumor virus when a clear band was
visualized on the gel. A single band of unique molecular weight
was detected for each analyzed DNA tumor virus.

Representative samples from the EBV-positive and all the
EBV-negative cases as determined by multiplex PCR were
confirmed using EBV primers described previously (34, 35). The
EBV confirmation primers are indicated in Supplementary Table
S5. Thermocycler conditions used included incubation at 95°C for
4 min, 40 cycles of denaturation at 95°C for 1 min each, annealing
at 55°C for 1 min, extension at 72°C for 1 min, and final extension
at 72°C for 3 min using 1 µl DNA sample containing at least 50 ng
of clinical specimen or control EBV control DNA. The PCR
product was analyzed on a 5% polyacrylamide gel
electrophoresis in 1× TBE and stained with ethidium bromide.
The gel images were captured by the ChemiDoc MP Imaging
system (Bio-Rad, Hercules, CA, USA). A sample was called
positive for EBNA1 when a single band was visualized on the
gel at least the same intensity as the control. The detection limit of
EBV in these assays was 10 copies per reaction (34).

Data Analysis
Statistical analysis was performed using GraphPad prism 9, and
IBM SPSS Statistics 26 was used for organization and cleaning
data and obtaining the frequency counts for the categorical data.
Individual viral PCRs (EBV, HPV, and MCPyV) and IHC
(EBNA1 and p16 IHC) status data were analyzed as dependent
variables and assessed for a relationship with independent
variables such as age, sex, HIV status, ART uptake status, CD4
count, viral load, diagnostic category, tumor grade, subtype, and
stage. The infectious agents in tissue samples were reported as
frequency/total (percentage). Continuous variables with
distributions that depart from normal (Shapiro–Wilk p < 0.05)
were reported as medians with interquartile 25% and 75%. Those
with normal distributions were reported as mean ± SD. The chi-
square and Fisher’s exact probability tests were used to assess the
association between IHC reactivity and clinicopathologic
variables, all assumptions applied. A Student’s t-test was
conducted on two normally distributed variables and reported
a difference between means (95% confidence interval). A Mann–
Whitney U test was conducted on variables with one or two non-
normally distributed continuous variables. The p-value was
recorded, and the Hodges–Lehmann estimate was used to get
the confidence interval across the groups. During variable
selection, it was determined that the study had an insufficient
number of variables suitable for logistic regression (variables with
a frequency of cases >10 and chi-square <0.20). A p-value <0.05 was
considered statistically significant.
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RESULTS

A total of 243 patients with primary OSSN were diagnosed by
histopathology using H&E-stained slides (Table 1). Most
(99.6%) of the patients had unilateral disease, with most
tumors (54.5%) reported in the right eye. OSSN diagnoses
comprised 72 (29.6%) preinvasive and 171 (70.4%) invasive
tumors (Figure 1). Females predominated the study (61.3%)
population. The frequency of preinvasive and invasive OSSN was
similar inmales and females (p = 0.091) (Supplementary Table S4).
At diagnosis, the study population’s median age was 38.0
Frontiers in Oncology | www.frontiersin.org 5
[interquartile range (IQR), 31.0–45.0) years overall (range: 18–76).
At primary diagnosis, female patients presented at a significantly
younger age (37.0 years; IQR, 29.0–43.0 years) than males (40.6 ±
9.9, p = 0.007). Preinvasive cancer patients were significantly
younger (34.5 years; IQR, 28.5–43.0 years) than invasive (39.0
years; IQR, 34.0–46.0, years) OSSN patients (p = 0.003)
(Supplementary Table S4).

The majority (86.1%) of the preinvasive OSSN diagnoses were
composed of CIS (51.4%) and CIN3 (34.7%). Invasive OSSN
subtypes were composed of conventional (keratinizing) SCC
(CSCC) (n = 161, 94.2%), basaloid SCC (n = 6, 3.5%), and
spindle cell carcinoma (n = 4, 2.3%). Moderately differentiated
(grade 2) tumors predominated (n = 140, 81.9%), while grade 1
and 3 tumors accounted for 12.3% and 5.8%, respectively. None
of the patients had been previously treated with surgery,
chemotherapy, immunotherapy, or radiotherapy. Clinical
staging of the invasive tumors determined that 46.8% and
53.2% of the tumors were early (stage 1 and 2, T1/2)- and late
(stage 3 and 4, T3/T4)-stage cancers, respectively. Patients with
late-stage cancer at diagnosis were significantly older (42.0 vs.
37.0, p = 0.005) than those with early-stage disease (Table 1).

We collected blood samples from all the patients for HIV,
CD4, and plasma HIV viral load (VL) testing at recruitment,
described previously (26). Most patients tested HIV positive (n =
177, 72.8%) (Table 1). There was no difference in the frequency
of HIV infection with respect to sex (p = 0.664), but there was a
significant difference between HIV infection vs. age (p = 0.007)
(Supplementary Table S4). The frequency of preinvasive and
invasive OSSN diagnoses was similar in HIV-positive and
-negative patients (p = 0.160). HIV infection was not
associated with any histologic subtype of the invasive tumors
(p = 0.730). However, HIV infection was significantly associated
with late-stage disease at primary diagnosis (p = 0.024).

Of the 177 patients who tested HIV positive, 163 (92.1%)
knew their HIV status (Table 1). Newly diagnosed patients
accounted for 7.9% (n = 14) of the HIV-positive OSSN
patients. Of the 163 patients living with HIV who knew their
HIV status, 92.6% reported taking combined ART and were
compliant. Only one (0.7%) patient reported defaulting on his or
her treatment.

CD4 counts were determined in 90.4% (n = 160) of the HIV-
positive patients. The median CD4 counts were 236.0 (IQR,
121.5–414.5) cells/ml overall. Patients diagnosed with invasive
tumors had significantly lower CD4 counts than those diagnosed
with preinvasive (203.5, IQR, 115.5–388.3 vs. 325.0, IQR, 136.0–
524.0, respectively) (p = 0.025). CD4 counts less than 200 cells/ml
and greater than 200 cells/ml accounted for 43.8% and 56.2% of
the OSSN patients, respectively. The CD4 count category was not
significantly associated with the diagnostic category (preinvasive
vs. invasive) of the tumor (p = 0.071) or the tumor stage of the
invasive disease (p = 0.413). Plasma VL was determined in 95
(53.7%) patients. Most (74.7%) patients were viral suppressed
(VL ≤200 copies/ml). Patients with invasive OSSN had
significantly lower viral loads than preinvasive cancer patients
(p < 0.001). Plasma viral load was inversely proportional to the
TABLE 1 | Clinicopathological characteristics of the participants and their tumors.

Variable Frequency (%)

Age 38.0 (31.0 – 45.0) years
Sex
• Male 94/243 (38.7)
• Female 149/243 (61.3)
HIV status
• Positive 177/243 (72.8)
• Negative 66/243 (27.2)
Awareness HIV +
• Aware HIV+ 163/177 (92.1)
• Unaware HIV+ 14/177 (7.9)
ART Uptake
• Yes 151/177 (85.3)
• No 26/177 (14.7)
CD4 Count 234.0 (119.8 – 411.8) cells/microliter
CD4 Count category
• <200 70/160 (43.8)
• >200 90/160 (56.2)
Plasma HIV Viral load 0.0 (0.0 – 181.0) copies/milliliter
Plasma HIV Viral load (c)
• <200 71/95 (74.7)
• >200 24/95 (25.3)
Diagnosis
• Invasive OSSN 171 (70.4)
• Pre-invasive OSSN 72 (29.6)
Preinvasive tumor grade
• CIN1 2 (2.8)
• CIN2 8 (11.1)
• CIN3 25 (34.7)
• CIS 37 (51.4)
Grouped Preinvasive tumor grade
• CIN1 and 2 10 (13.9)
• CIN3 and CIS 62 (86.1)
Invasive tumor subtype
• Keratinizing squamous cell carcinoma 161 (94.2)
• Basaloid squamous cell carcinoma 6 (3.5)
• Spindle squamous cell carcinoma 4 (2.3)
Invasive tumor grouped
• Keratinizing 161 (94.2)
• Non-keratinizing 10 (5.8)
Grade
• Well, differentiated 21 (12.3)
• Moderately differentiated 140 (81.9)
• Poorly differentiated 10 (5.8)
AJCC Stage
• T1 38 (22.2)
• T2 42 (24.6)
• T3 88 (51.5)
• T4 3 (1.8)
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CD4 counts; however, this relationship was not significant
(r2 = -0.172, p = 0.112).

HPV Detection
FFPE tissue samples from 243 patients were available for IHC
testing. IHC staining for p16, a surrogate marker for HR-HPV
infection (Supplementary Table S1), showed overexpression of p16
in 12 (4.9%) of the 243 patient samples tested. Partial expression and
a complete lack of p16 were observed in 133 (54.7%) and 98 (40.3%)
patient tissue samples, respectively, and these were considered
negative for p16 overexpression. Of the 243 patients with FFPE
tissue blocks, 178 (73.3%) had accompanying tissue collected and
submerged in RNAlater solution for 24 h and stored at -80°C for
subsequent DNA extraction and PCR amplification (Figure 2).
DNA extracted from all the 178 tissue samples tested positive for
cellular (beta-globin) marker and was thus suitable for virus PCR
analyses. Using multiplex PCR, HPV was detected in 17 (9.6%)
patient samples [16 HR-HPV, 9.0%, and one low-risk (LR)-HPV,
0.6%]. PCR analyses detected single and multiple HR-HPV
genotypes in 10 (62.5%) and 6 (37.5%) cases, respectively. The
most frequently detected HR-HPV genotypes were HPV33 (n = 6,
26.1%) followed by HPV 59 (n = 5, 21.7%) (Table 2, Supplementary
Figure S2). We did not detect HPV16 in any of the samples
analyzed. HPV18 was detected in three (13.0%) patient samples.

The frequency of HPV detection in preinvasive cancer was low
(n = 4, 8.7%) (Supplementary Table S2). HPVwas not detected in
CIN1 and CIN2 lesions; however, it was found in one (5.6%) and
three (13.0%) patients diagnosed with CIN3 and CIS, respectively.
Similarly, p16 overexpression by IHC was not observed in any
preinvasive tumors. However, p16 overexpression was present in
12 (7.0%) patient samples diagnosed with invasive OSSN (basaloid
SCC, n = 2, 33.3% and CSCC, n = 10, 6.2%), while spindle cell
carcinomas were negative. Of the 12 cases that showed p16
overexpression, three were positive for single HPV genotypes
(HPV33, HPV58, and HPV59) and one was positive for
multiple HPV genotypes (HPV45 and HPV51). One patient
tumor diagnosed as CIN3 was positive for three HR-HPV
genotypes (HPV31, HPV33, and HPV59); however, this case did
not express p16 by IHC (Table 2). Six patient tumor samples with
p16 overexpression had no detectable HPV. P16 overexpression
was significantly associated with invasive (p = 0.020) OSSN
category and grade 3 differentiation (poorly differentiated) in
invasive tumors (p = 0.001) (Supplementary Table S1). A non-
keratinizing invasive tumor was more likely to be positive for a
HR-HPV infection (p = 0.036) (Supplementary Table S1) by
PCR. We used p16 IHC and PCR to detect HPV DNA in OSSN,
and both methods were consistent with a low frequency of HPV.
We found that the test methods did not correlate well. IHC for p16
had a low (25%, CI: 0.102–0.475) sensitivity and a high (96.3%)
specificity for predicting HR-HPV infection using multiplex HPV
DNA PCR as a reference. The positive and negative predictive
value of p16 for HR-HPV infection by PCR was 40.0% and 92.9%,
respectively (Supplementary Figure S1). Also, the results showed
Frontiers in Oncology | www.frontiersin.org 6
that both molecular methods and IHC did not detect HR-HPV or
p16 overexpression in early preinvasive OSSN lesions.

MCPyV, CMV, KSHV, and Adenovirus
Detection
Merkel cell virus (MCPyV) was detected in 24 (13.5%) patient
samples by PCR (Supplementary Table S3). MCPyV was
detected in 10.9% of preinvasive (n = 0, 0.0% CIN 1; n = 2,
66.7% CIN 3; n = 1, 5.6% CIN 3; and n = 1, 8.7% CIS) and in
14.4% of invasive (n = 17, 13.8% CSCC; n = 2, 33.3% basaloid
SCC; and n = 0, 0.0% spindle cell carcinoma) OSSN. MCPyV
positivity was not associated with any of the clinical and
pathologic variables. None of the MCPyV patient samples that
tested positive by PCR had detectable MCPyV LT by IHC on
FFPE tissue blocks. The results show a low frequency of MCPyV
DNA detected in preinvasive lesions and a lack of MCPyV viral
protein expressed in OSSN lesions. PCR did not detect KSHV,
CMV, or adenoviruses in patient tumor samples.

EBV Detection
FFPE tissue samples from 236 patients were used for EBNA1
IHC analysis (Table 3). Two hundred ten (89.0%) primary
tumor samples were positive for EBNA1 by IHC. EBNA1
protein was detected in 88.6% of preinvasive (n = 2, 100% CIN
1; n = 6, 85.7% CIN 2; n = 23, 95.8% CIN 3; and n = 31, 83.8%
CIS) and in 89.2% of invasive (n = 142, 91.0% CSCC; n = 4,
66.7% basaloid SCC; and n = 2, 50% spindle cell carcinoma)
OSSN. EBNA1 expression was significantly associated with a
keratinizing SCC morphology (p = 0.002) and with moderate
differentiation in invasive OSSN (p = 0.014). There was no
significant association between EBNA1 positivity and level of
immunity, invasiveness, dysplasia, and stage of invasive cancer
(Table 3). We observed EBNA1 expression in some tumor-
infiltrating lymphocytes.

PCR for EBV was carried out with multiplex DNA PCR on
178 patient tumor samples with available tissue DNA from
frozen samples to confirm the IHC results. Table 4
summarizes the data for EBV detection in the tissue by
multiplex PCR (Supplement Table S5) and the association
with the clinical and pathologic parameters. Overall, EBV was
detected in 143 (80.3%) of the patient tumor samples by PCR.
These results were further confirmed using EBNA1 primers
(Supplementary Table S5) on all the PCR-negative and
representative positive patient samples. In total, PCR assays
detected EBV DNA in 82.6% of preinvasive (n = 2, 100% CIN
1; n = 3, 100% CIN 2; n = 14, 77.8% CIN 3; and n = 19, 82.6%
CIS) and in 79.5% of invasive (n = 98, 79.7% CSCC; n = 5, 83.3%
basaloid SCC; and n = 2, 66.7% spindle cell carcinoma) OSSN.
PCR detection of EBV DNA was significantly associated with a
high HIV viral load (p = 0.022). For invasive OSSN, EBNA1 was
expressed in the infiltrating tumor cells, the adjacent preinvasive
component, and the adjacent normal-appearing epithelium. One
hundred twenty-nine (84.9%) tumors were double-positive for
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TABLE 2 | Frequency of viral infection detection in tumor sample by PCR.

Virus tested for Total Samples tested PCR Result

Positive samples Percentage

• EBV 178 143 80.3
• HR-HPV 178 16 9.0
• MCPyV 178 24 13.5
• KSHV 178 0 0
• ADENOVIRUSES 178 0 0
• CMV 178 0 0
Co-Infections
• EBV + HR-HPV 178 12 6.7
• EBV + MCPyV 178 23 12.9
• HR-HPV + MCPyV 178 7 3.9
• EBV + MCPyV + HR-HPV 178 6 3.4
Frontiers in Oncology | www.frontiersin.org
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FIGURE 2 | Representative microscopy recorded at ×20 magnification showing (A) non-keratinizing squamous cell carcinoma, (B) a preinvasive ocular surface
squamous neoplasia [carcinoma in situ (CIS)] with inflammation in the underlying stroma and the overlying epithelium, (C) the frequency of preinvasive and invasive
ocular surface squamous neoplasia, (D) an Epstein–Barr virus nuclear antigen 1 (EBNA1)-positive ocular surface squamous neoplasia [immunohistochemistry (IHC)],
(E) EBNA1-negative ocular surface squamous neoplasia (IHC), (F) frequency of EBNA1 expression, (G) a p16-positive ocular surface squamous neoplasia, (H) a p16-
negative ocular surface squamous neoplasia, (I) the frequency of P16 overexpression in ocular surface squamous neoplasia.
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EBV using DNA PCR and EBNA1 IHC. However, 23 (15.1%)
tumors were positive for EBNA1 by IHC, but the corresponding
frozen tissue tested EBV negative by PCR. Further probing of the
IHC slides for these cases found strong staining of tumor nuclei
by EBNA1 in the absence of the EBV genome.
Frontiers in Oncology | www.frontiersin.org 8
A comparison between IHC and EBV PCR showed that
EBNA1 IHC had a sensitivity of 84.9% (CI 95%: 0.783–0.897)
and a specificity of 52.4% (CI 95%: 0.922–0.983) for predicting
EBV positivity using EBV DNA PCR as a reference. The positive
and negative predictive value for EBV positivity was 92.8% and
TABLE 3 | The relationship between immunohistochemistry expression of Epstein-Barr virus nuclear antigen 1 protein in formalin-fixed paraffin-embedded tumor tissue
with the patient clinicopathological variables.

Variable EBNA-1 (Immunohistochemistry) [n (%)]

(-) (+) p-value OR/CI

Age 39.0 ± 10.3 38.0 (31.0 – 45.0) 0.931a 0.0 (-5.0-4.0)
Sex
• Male 11/26 (42.3) 81/210 (38.6) 0.713 1.17 (0.54-2.57)
• Female 15/26 (57.7) 129/210 (61.4)
HIV status
• Positive 21/26 (80.8) 149/210 (71.0) 0.360 1.72 (0.64-4.33)
• Negative 5/26 (19.2) 61/210 (29.0)
HIV Status Awareness
• Aware HIV+ 16/21 (76.2) 140/149 (94.0) 0.017 0.21 (0.07-0.63)
• Unaware HIV+ 5/21 (23.8) 9/149 (6.0)
ART Uptake
• Yes 15/21 (71.4) 129/149 (86.6) 0.099 0.39 (0.14-1.40)
• No 6/21 (28.6) 20/149 (13.4)
CD4 Count 297.7 ± 268.6 220.0 (98.3 – 121.5) 0.734a 14.0 (-78.0-117.0)
CD4 Count category
• <200 7/18 (38.9) 62/137 (45.3) 0.609 0.77 (0.30-2.15)
• >200 11/18 (61.1) 75/137 (58.7)
Plasma HIV Viral load 271.9 ± 196.1 0.0 (0.0 – 162.8) 0.068a -121.0 (-252.0-0.0)
Plasma HIV Viral load (c)
• <200 5/9 (55.6) 63/82 (76.8) 0.223a 0.38 (0.10-1.34)
• >200 4/9 (44.4) 19/82 (23.2)
Diagnosis
• Invasive OSSN 18/26 (69.2) 148/210 (70.5) 0.896 0.94 (0.41-2.19)
• Pre-invasive OSSN 8/26 (30.8) 62/210 (29.5)
Preinvasive tumor grade
• CIN1 0/8 (0.0) 2/62 (3.2) 0.327# N/A
• CIN2 1/8 (12.5) 6/62 (9.7)
• CIN3 1/8 (12.5) 23/62 (37.1)
• CIS 6/8 (75.0) 31/62 (50.0)
Grouped Preinvasive tumor grade
• CIN1 and II 1/8 (12.5) 8/62 (12.9) >0.999* 0.96 (0.08-7.61)
• CIN3 and CIS 7/8 (87.5) 54/62 (87.1)
Invasive tumor subtype
• Keratinizing SCC 14/18 (77.8) 142/148 (95.9) 0.002# N/A
• Basaloid SCC 2/18 (11.1) 4/148 (2.7)
• Spindle SCC 2/18 (11.1) 2/148 (1.4)
Invasive tumor grouped
• Keratinizing 14/18 (77.8) 142/148 (95.9) 0.002 0.15 (0.04-0.52)
• Non-keratinizing 4/18 (22.2) 6/148 (4.1)
Grade of invasive tumor
• Well, differentiated 0/18 (0.0) 19/148 (12.8) 0.017# N/A
• Moderately differentiated 15/18 (83.3) 122/148 (82.4)
• Poorly differentiated 3/18 (16.7) 7/148 (4.7)
AJCC Stage
• T1 4/18 (22.2) 32/148 (21.6) 0.772# N/A
• T2 6/18 (33.3) 36/148 (24.3)
• T3 7/18 (38.9) 78/148 (52.7)
• T4 1/18 (5.6) 2/148 (1.4)
Grouped AJCC Stage
• T1/T2 10/18 (55.6) 68/148 (46.0) 0.441 1.47 (0.55-3.94)
• T3/T4 8/18 (44.4) 80/148 (54.0)
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52.4%, respectively (Supplementary Figure S1). Our results thus
showed that EBV DNA detection by molecular methods and
expression of viral proteins was frequent in all stages of preinvasive
OSSN and the different subtypes of invasive OSSN.

Viral coinfections (Table 5) of EBV and MCPyV were detected
by PCR in 23 (12.9%) samples, and EBV and HR-HPV were
detected in 12 (6.7%) patient samples. HR-HPV and MCPyV
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coinfection was detected in 7 (3.9%) patient samples, while all
three viruses were detected in only 6 (3.4%) patient samples.

DISCUSSION

Late presentation or delayed treatment of OSSN puts patients at
great risk for visual impairment, disfigurement, and functional
TABLE 4 | The relationship between Epstein Barr virus detection in tumor using polymerase chain reaction (PCR) with the clinicopathological variables.

Variable EBV (PCR) (n=%)

(-) (+) p-value Estimate (OR/CI)

Age 38.4 ± 10.0 39.0 (32.0-47.0) 0.496 1.00 (-3.00-5.00)
Sex
• Male 14/35 (40.0) 59/143 (41.3) 0.892 0.95 (0.47-1.95)
• Female 21/35 (60.0) 84/143 (58.7)
HIV status
• Positive 25/35 (71.4) 114/143 (79.7) 0.288 1.37 (0.64-1.47)
• Negative 10/35 (28.6) 29/143 (20.3)
HIV Status Awareness
• Aware HIV+ 22/25 (88.0) 107/114 (93.9) 0.386* 0.47 (0.12-1.82)
• Unaware HIV+ 3/25 (12.0) 7/114 (6.1)
ART Uptake
• Yes 22/25 (88.0) 99/114 (86.8) >0.999* 1.11 (0.32-3.87)
• No 3/25 (12.0) 15/114 (13.2)
CD4 Count 290.0 (177.0-417.0) 199.0 (114.0 – 372.0) 0.211a -52.0 (-137.0-34.0)
CD4 Count category
• <200 8/23 (34.8) 50/101 (49.5) 0.250 0.54 (0.21-1.45)
• >200 15/23 (65.2) 51/101 (50.5)
Plasma HIV Viral load 0.0 (0.0 – 0.0) 0.0 (0.0 – 229.3) 0.022a 0.0 (0.0-128.0)
Plasma HIV Viral load (c)
• <200 14/15 (93.3) 49/70 (70.0) 0.101* 6.00 (0.96-66.4)
• >200 1/15 (6.7) 21/70 (30.0)
Diagnosis
• Invasive OSSN 27/35 (77.1) 105/143 (73.4) 0.653 1.22 (0.51-2.80)
• Pre-invasive OSSN 8/35 (22.9) 38/143 (26.6)
Preinvasive tumor grade
• CIN I 0/8 (0.0) 2/38 (5.3) 0.547# N/A
• CIN II 0/8 (0.0) 3/38 (7.9)
• CIN III 4/8 (50.0) 14/38 (36.8)
• CIS 4/8 (50.0) 19/38 (50.0)
Grouped Preinvasive tumor grade
• CIN I and II 0/8 (0.0) 5/38 (13.2) 0.569* N/A
• CIN III and CIS 8/8 (100.0) 33/38 (86.8)
Invasive tumor subtype
• Keratinizing SCC 25/27 (92.6) 98/105 (93.3) 0.742 N/A
• Basaloid SCC 1/27 (3.7) 5/105 (4.8)
• Spindle SCC 1/27 (3.7) 2/105 (1.9)
Invasive tumor grouped
• Keratinizing 25/27 (92.6) 98/105 (93.3) 0.892 0.89 (0.18-4.47)
• Non-keratinizing 2/27 (7.4) 7/105 (6.7)
Grade of invasive tumor
• Well, differentiated 2/27 (7.4) 15/105 (14.3) 0.492 N/A
• Moderately differentiated 23/27 (85.2) 82/105 (78.1)
• Poorly differentiated 2/27 (7.4) 8/105 (7.6)
AJCC Stage
• T1 5/27 (18.5) 9/105 (8.6) 0.285 N/A
• T2 8/27 (29.6) 28/105 (26.7)
• T3 12/27 (44.4) 67/105 (63.8)
• T4 2/27 (7.4) 1/105 (0.9)
Grouped AJCC Stage
• T1/T2 13/27 (48.1) 37/105 (35.2) 0.217 1.71 (0.70-4.09)
• T3/T4 14/27 (52.9) 68/105 (64.8)
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immobility, recurrence, metastasis, or death (36–40).
Understanding the etiology for OSSN development, especially
regarding a potential role for oncogenic viruses, would help
create preventative criteria and treatment modalities. Many
studies have focused on the role played by HPV in OSSN due to
its close association with other SCCs such as carcinoma of the
anogenital region and oropharynx (15–17). Globally, studies have
reported a variable range of HPV prevalence in OSSN ranging
from 0% to 100% (20). A systematic review of 39 studies by
Ramberg et al. (20) found a 26% pooled prevalence of HPV in
OSSN. Studies from Africa had a lower average prevalence of
15.2% (range 0%–38%) (21–25) compared to countries from other
regions, 30.4% (range 0%–100%) (8, 41–71). Other studies did not
detect mucosal HPV in cases or controls (8, 22, 42, 60, 68). The
low prevalence of HPV reported in previous studies led to the
conclusion that it was not associated with OSSN (4). Our results
also concur that HPV is not likely the primary cause of OSSN.

In the present study, we prospectively enrolled patients with
ocular surface tumors and optimally preserved their tumor
samples for investigation via PCR and IHC. We evaluated
histologically confirmed preinvasive and invasive OSSN for the
presence of viral (HPV, EBV, MCPyV, KSHV, and adenovirus)
DNA and HR-HPV genotypes and expressed proteins (EBNA1,
p16, and MCPyV LT) for HPV, EBV, and MCPyV infection
within tumor tissue. Our findings were based on thorough
histopathology, IHC, and virus genotyping with a relatively
large sample set.

We found a high prevalence of EBV (80.3%) and a low
prevalence of HR-HPV (9.0%) and MCPyV (13.5%) by PCR.
Yet, there was a low prevalence of HR-HPV detected in both the
FFPE and frozen tissue samples. We found EBNA1 expression in
89.0%, p16 overexpression in 4.9%, and MCPyV LT expression
in none of the FFPE tissue blocks analyzed using IHC. p16
protein was only overexpressed in invasive OSSN and not in
preinvasive OSSN. EBNA1, on the other hand, was expressed in
preinvasive (88.6%) and invasive (89.2%) OSSN (Figure 2).
EBNA1 IHC had a high sensitivity (84.9%) for predicting EBV
infection using EBV DNA PCR as a reference.
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The finding that women predominated our study population
is similar to other studies from Africa (1, 72). Our study
population had a median age of 38 years, where interestingly,
women were significantly younger than men. The higher
frequency of OSSN and the younger age at presentation may
be attributed to the higher prevalence of HIV infection among
females. In contrast, the age-standardized incidence rates
reported by others (73) show evidence that OSSN patients
from temperate climates are predominantly older men, with a
mean age higher than 60 years (61, 73). The frequency of
preinvasive and invasive OSSN was similar in men and women.
Our study found that the preinvasive cancer patients were
significantly younger than invasive OSSN patients. This
finding agrees with the hypothesis that this is the same
disease at different stages of progression. We also report the
predominance of CIS and CIN3 among the biopsied
preinvasive tumors, which could be attributed to early
preinvasive lesions sharing similar clinical features with non-
OSSN lesions such as pterygium or pinguecula (74). Such
patients may not be referred early for specialist treatment and
may be treated conservatively using non-surgical means. A
review of histologic slides has found that dysplasia is often
found in slides previously called as pterygium (75, 76). This
suggests that early preinvasive OSSN lesions may be missed if
patients only undergo clinical assessment, especially with
primary care service providers. Late-stage invasive cancers
predominated at primary diagnosis among invasive cancer
patients similarly to other late-stage study reports from sub-
Saharan Africa (1). In this study, patients with advanced-stage
(T3/T4) cancer were significantly older than patients with
early-stage (T1/T2) tumors. Showing that patients are
presenting late for primary diagnosis. The reasons for delayed
diagnosis are unknown but may include patient, community, or
service provider factors (77). Studies are needed to determine
the factors associated with delayed diagnosis and treatment
among OSSN patients in Zambia and Africa.

There is strong evidence that HIV is a significant risk factor
for OSSN (78, 79). Our study also found a high prevalence of
TABLE 5 | HPV genotypes detected in tumors by PCR and associated p16 results by diagnostic category.

Patient age Sex Histologic Diagnosis Diagnostic category p16 expression HPV genotypes detected

24 M CIN 3 Preinvasive – 31,33,59
48 M CIS Preinvasive – 33
35 F CIS Preinvasive – 18, 59
29 F CIS Preinvasive – 18, 59
68 F Basaloid SCC Invasive + 45, 51
55 F Basaloid SCC Invasive – 39
37 M Basaloid SCC Invasive + 33
39 M Keratinizing SCC Invasive – 6
28 F Keratinizing SCC Invasive – 33
48 M Keratinizing SCC Invasive – 33
58 F Keratinizing SCC Invasive – 39
40 M Keratinizing SCC Invasive – 39
35 F Keratinizing SCC Invasive – 58
40 F Keratinizing SCC Invasive + 58
42 M Keratinizing SCC Invasive + 59
53 F Keratinizing SCC Invasive – 18, 39
50 M Keratinizing SCC Invasive – 33, 59
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HIV positivity within our OSSN population (72.8%). We found
that 92.1% of the patients with HIV knew their HIV status, and
92.6% were accessing ART with high compliance (99.3%),
suggesting that the ART program in Zambia is a success. This
is supported by the fact that most patients (74.7%) were virally
suppressed. Our study found that low CD4 counts were
associated with invasive OSSN, suggesting ART use may help
to prevent the development of invasive OSSN. Solar radiation
and immunosuppression are major risks factors for OSSN. We
found, as in other studies, that OSSN is usually found in only
one eye (80).

We found a low frequency of HPV-positive OSSN tumors by
PCR, which is consistent with IHC for p16, similarly to previous
studies (20). In the present study, p16 was overexpressed in 4.9%
of 243 patient samples. In comparison, PCR detected HR-HPV
DNA in 9.0% of 178 tissue samples. We detected HR-HPVs in 4
(8.7%) preinvasive OSSN diagnosed as CIN 3 and CIS. PCR did
not detect HPV in CIN 1 and CIN 2. The lack of p16
overexpression in the preinvasive tumors by IHC and the lack
of HR-HPV detected in CIN 1/2 by PCR suggest that HPV may
not play the central role of primary malignant transformation
in OSSN.

Our study showed that p16 provided only a low sensitivity for
detecting HR-HPV in OSSN; hence, p16 may not be good
biomarker for HPV or OSSN. The low sensitivity of p16 for
HR-HPV detection may be attributable to the low level of HPV
in the ocular tissue. p16 is known to be an excellent biomarker
for HPV16 in carcinomas of the cervix and the anogenital region
(81, 82). The low frequency of HR-HPV detected in OSSN
suggests that only a small portion of these tumors could be
HPV associated. Therefore, it became clear that we should
consider a role for oncogenic viruses other than HPV in OSSN.

We did not detect KSHV, CMV, or adenoviruses in any OSSN
tissue sample analyzed. MCPyV was detected in 13.5% o the
patient samples by PCR. However, none of the corresponding
FFPE tumor samples expressed MCPyV LT protein by IHC,
suggesting that it is not likely relevant to OSSN. MCPyV presents
as a ubiquitous infection in which 92% of the general public
carries antibodies against it (83). MCPyV sets up a persistent
infection in Merkel cells and dendritic cells (84), which might
explain why it is detectable by PCR and sometimes IHC. Overall,
there is no compelling evidence for MCPyV involvement
in OSSN.

We detected a high frequency of EBV genomes (80.3%) and
EBNA1 (84.9%) in preinvasive and invasive OSSN. These results
suggest that EBV may play a role in OSSN development,
particularly in HIV-positive patients. A causal role is
supported by the fact that we detected EBV in invasive cancers
and all the stages of preinvasive OSSN at very high frequencies.
Previously, a few studies have looked at EBV detection in OSSN
and have reported seeing EBV in OSSN tissue. Simbiri et al. (85)
reported 83% EBV prevalence by PCR in 24 HIV OSSN patients
recruited in Botswana, Zambia’s neighboring country (86). Using
PCR, a study from Uganda by Galati et al. (87) found
significantly higher EBV in OSSN (61.2%) vs. negative control
tissue (10.9%). They detected EBV DNA in invasive tumors and
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all the grades of preinvasive OSSN but did not investigate
EBNA1 protein expression in tumor tissues, which our study
has done. A study by Woods et al. (65) found the prevalence of
EBV DNA in OSSN at only 2.2%, and another study using IHC
against latency membrane protein 1 (LMP1) found no EBV in
OSSN samples at all (86). The variation in results obtained in
previous studies may be attributable to use of assays with
different targets and sensitivities as well as differential
sample quality.

EBV is a widespread human herpesvirus affecting more than
80% of the adult population and exists as a latent or lytic
infection (88). EBV infection has been associated with the
development of several types of lymphomas and carcinomas as
part of its latent infection (89). EBNA1 is a viral oncoprotein
expressed in both latent and lytic replication of EBV infection
(84). It is expressed in all forms of latency in proliferating cells
and in all EBV-associated tumors, where it is required for the
persistence of the EBV genomes. EBNA1 contributes to both the
replication and mitotic segregation of EBV episomes and
activates the expression of other latency genes essential for cell
immortalization and survival in cancer (84). The observation of
EBNA1 expression in the infiltrating tumor cells, preinvasive
OSSN, and the adjacent normal-appearing epithelium suggests
that EBV infection may occur early and play a role in the primary
malignant transformation of OSSN. More work is needed to
validate our findings, but we feel that our results represent
significant progress on this understudied cancer.

While most of our cases, 129 (84.9%), were positive for EBV
by IHC and PCR, 23 (15.1%) cases were positive using EBNA1
IHC only but negative by DNA PCR. It is possible that some
tissue samples had an inadequate amount of tumor for DNA
extraction or that the viral copy number was too low to be
detectable. Other researchers have reported intense staining of
tumor nuclei by EBNA1 IHC in the absence of EBV genome by
PCR in breast cancer specimens (90). Detection of viral protein
in a tumor without detection of viral genome is a common
occurrence. Similarly, we observed intense staining of tumor
nuclei by EBNA1 in the absence of detectable EBV genome.
However, we showed that EBNA1 IHC had a high sensitivity for
predicting EBV using DNA PCR as a reference. The concordance
of EBNA1 IHC and EBV PCR throughout the different tumor
stages leads us to consider EBV as the primary oncogenic virus
associated with OSSN.

While we found a high prevalence of EBV in preinvasive and
invasive OSSN, causation has not been established. Our cohort
was made up entirely of OSSN cases because it would not be
ethically justified to obtain normal tissue. Non-OSSN cases such
as pterygia are inadequate as negative controls, since they share
some features with OSSN. Studies establishing a mechanistic role
for EBV are needed, but if EBV has a causal role in OSSN, there
are existing antiviral therapies that could be tested (91). Overall,
our studies support a potential role for EBV in OSSN and that a
role for HR-HPVs, CMV, MCPyV, KSHV, or adenovirus
appears unlikely. The influence of unknown viral agents still
cannot be ruled out. To our knowledge, ours is the first large-
scale study to propose EBV as the primary tumor virus associated
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with OSSN and not HR-HPVs or other tumor viruses reported in
previous studies.
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