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Abstract
Purpose  To assess the prevalence and subtypes of Human Papillomavirus (HPV) in Ocular Surface Squamous Neoplasia 
(OSSN) in Human Immunodeficiency Virus (HIV) positive and negative patients in South Africa.
Basic procedures  This study was a single center retrospective cross-sectional study, conducted at Tygerberg Hospital, Western 
Cape, South Africa. We assessed 63 histopathologically confirmed OSSN formalin-fixed paraffin-embedded (FFPE) tissue 
blocks from 2015–2023. The presence of HPV was determined using the Hybrispot Direct Flow Chip Kit. Corresponding 
clinical data was retrieved from the National Health Laboratory Service (NHLS) central data warehouse.
Main findings  Of the confirmed OSSN samples, 66.7% tested positive for HPV (95% confidence interval [CI] 54–77.3%). 
Of the 42 HPV positive samples, 38 (90.5%) had one or more known genotypes detected and 4 had unknown genotypes. The 
most prevalent subtypes were HPV 11, 16 and 18 (found in 61.9%, 52.4% and 33.3% of HPV positive samples respectively). 
88.9% of the lesions biopsied were from HIV positive patients, of whom 56.4% had a CD4 + count of < 200 cells/µL. A lower 
median CD4 + count was detected among HIV positive patients with invasive squamous cell carcinoma compared to those 
with moderate dysplasia (p < 0.0198).
Conclusions  There is a high prevalence of HPV in OSSN in South Africa. Certain subtypes namely, 11, 16, 18, 31, 33 and 
35 may be more carcinogenic. HIV with HPV co-infection may be linked as a causative factor in the development of OSSN.
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Abbreviations
HPV	� Human papillomavirus
OSSN	� Ocular surface squamous neoplasia
HIV	� Human immunodeficiency virus
NHLS	� National health laboratory service
VL	� Viral load
FFPE	� Formalin-fixed paraffin embedded tissue
PCR	� Polymerase chain reaction

Introduction

Ocular surface squamous neoplasia (OSSN) is an umbrella 
term that describes a spectrum of pre-malignant and malig-
nant epithelial lesions of the conjunctiva and cornea [1–4]. 
It encompasses a continuum of histological findings, namely 
dysplasia, carcinoma in situ and squamous cell carcinoma of 
the conjunctival and/ or corneal epithelium. [1–3] There are 
a few known pathogenetic factors, for example UV radiation, 
but in the last two decades it has been speculated that Human 
Papillomavirus (HPV) could play a role in OSSN develop-
ment. A review in 2019 by Chalkia et al. noted the preva-
lence of HPV in OSSN to vary widely from 0–100%, with 
an average prevalence of 33.8%. This review found that the 
HIV status of majority of these patients was unknown and 
that the discrepancies between the prevalence in different 
studies render the role of HPV in OSSN uncertain [5]. Most 
African studies have found that 75–85% of OSSN lesions 
are positive for HPV with varying subtypes. [6–8] In high 
income countries, OSSN is mainly seen in elderly Caucasian 
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patients, but in low-middle income countries such as South 
Africa it is noted mainly in young HIV positive patients 
[9–13]. This prompted further investigation into the preva-
lence of HPV in OSSN lesions of HIV positive and negative 
patients in South Africa. To our knowledge this is the first 
such study to report on HPV prevalence in OSSN lesions 
in a South African population. Further understanding of the 
pathogenetic mechanisms and subtypes of HPV in OSSN 
may be of significance to future preventative measures, such 
as HPV vaccines [13].

Methods

Study design and ethics

This study was a single center retrospective cross-sectional 
study, conducted at Tygerberg Hospital, Western Cape, 
South Africa. Ethics approval was obtained from the 
Stellenbosch University Health Research Ethics Committee 
(05 November 2021, Reference No. S20/06/137). A waiver 
of consent was obtained for all stored tissue samples and 
clinical information collected. The study was performed 
according to the ethics of the Declaration of Helsinki. 
Methodology followed recommendations of the STROBE 
statement for reporting cross-sectional studies.

Outcomes and sample selection

Our primary outcome was to establish the prevalence of 
HPV in OSSN in our setting. Secondary outcomes consisted 
of determining specific HPV subtypes in OSSN, establishing 
correlation with HIV status, and other demographic factors 
in OSSN. A central NHLS database and theatre archive 
search from 2015–2023 revealed potential samples of OSSN 
stored in the Anatomical Pathology archive. A database 
was populated with the available data after all participants 
were anonymized. Variables collected included age at time 
of biopsy, biological sex, HIV status, viral load (VL) and 
CD4 count. The VL and CD4 count closest to the time of 
biopsy were used. There was no more than one sample per 
patient in this study. Inclusion criteria were that participants 
should be 18 years and older at time of tissue biopsy and 
that samples were histologically confirmed to be OSSN. 
Exclusion criteria were any samples damaged during biopsy 
with an unclear diagnosis or samples that were insufficient 
for Hybrispot testing.

Tissue processing

A pathologist (DZ) confirmed the histopathological 
diagnosis of OSSN of each sample. Two to four 10 µm 
sections, depending on the tissue size, were used for DNA 

extraction. The first two tissue sections were discarded 
to remove exposed tissue surface, to reduce exposure to 
nucleases. A new microtome blade was used to cut each 
formalin-fixed paraffin-embedded tissue (FFPE) tissue 
block, and the microtome was cleaned using 10% (v/v) 
bleach and 70% (v/v) ethanol after sectioning of each FFPE 
block. Paraffin was removed from tissue sections using the 
deparaffinization solution (catalogue #19,093) (Qiagen, 
Hilden, Germany). Total DNA was extracted using the 
QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden, Germany) 
according to manufacturer’s recommendations. The quality 
of the extracted DNA was assessed by measuring the 
A260nm/A280nm and A260nm/A230nm absorbance ratios 
using the Biodrop µLite spectrophotometer (Biodrop LTD, 
Cambridge, UK). DNA concentrations were determined 
using the Qubit 3.0 fluorometer and the Qubit dsDNA 
BR assay (catalogue# Q328500) (Life Technologies, 
Thermo Fisher Scientific, California, USA) according 
to manufacturer’s recommendations. Additionally, DNA 
integrity was evaluated through the Polymerase chain 
reaction (PCR) amplification of a 205 bp fragment of the 
human β-globin gene using a SYBR green based quantitative 
Real-Time Polymerase Chain Reaction (qRT-PCR) adapted 
from the method of (Greer et al., 1990). DNA was stored at 
− 20 °C until further analysis.

HPV genotype determination

A minimum of 100 ng of extracted DNA was used for 
HPV genotyping using the HybriSpot Direct Flow Chip 
kit (Master Diagnóstica, Granada, Spain) according to the 
manufacturer’s instructions. Detection and genotyping of 
HPV viral DNA by PCR and reverse dot blot hybridization 
was performed. Automatic analysis of results reported on 
presence of high-risk genotypes: 16, 18, 26, 31, 33, 35, 
39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, 82, and low-risk 
genotypes: 6, 11, 40, 42, 43, 44/55, 54, 61, 62/81, 67, 69, 70, 
71, 72, 84. High risk and low risk subtypes were specified as 
such by the testing kit and were based on an epidemiological 
classification of HPV subtypes associated with cervical 
cancer by Muñoz in 2003. [14]

Data Analysis

Data captured into the study database was exported into 
Stata 18 for analysis. Descriptive statistics were used to 
describe individuals identified from 2015–2023 with OSSN 
and tested for presence of HPV genotypes in the lesions. 
Appropriate tables and graphs were used to visualise the 
data. Analysis methods for the primary and secondary 
objectives are described below:
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The prevalence of HPV in all biopsied OSSN lesions seen 
in HIV positive and negative patients presenting to the 
Division of Ophthalmology at Tygerberg Hospital from 
2015–2023 was calculated and presented as a percentage 
with a 95% confidence interval.
Descriptive statistics were used for the demographic 
and clinical characteristics of patients with OSSN and 
tested for HPV. Median and interquartile ranges were 
used for continuous variables while frequencies and 
percentages were used for categorical data. The patients 
were described in terms of age, biological sex, HIV 
status, most recent CD4 count and viral load to the time 
of OSSN diagnosis.
The prevalence of specific HPV genotypes in the OSSN 
specimens was determined as the proportion of specimens 
that tested positive for any of the HPV genotypes included 
in the assay.

Results

HPV prevalence

Of the 63 OSSN lesions identified, 1 (1.6%) had mild dysplasia, 
5 (7.9%) had moderate dysplasia, 33 (53.4%) were identified 
as squamous cell carcinoma in-situ (SCCIS) and 24 (38.1%) 
were found to be invasive squamous cell carcinomas (ISCC). 
The proportion that tested HPV positive with Hybrispot testing 
was 42/63 (66.7%) (95% confidence interval [CI] 54–77.3%). 
Table 1 outlines the demographic and clinical characteristics of 
the 63 patients with OSSN who were tested for HPV.

Genotypes in HPV positive samples

Of the 42 HPV positive samples, 38 (90.5%) had one or more 
known genotypes detected and four (9.5%) had unknown 
genotypes. Figure 1 represents the HPV genotypes identified 
in the HPV positive samples. The most common genotype 
in mono-infected samples was HPV 11 (8 samples), HPV 
16 (7 samples) and HPV 18 (2 samples) followed by HPV 
6 and 35 (each found in 1 sample only). HPV subtypes 31, 
33 and 52 were never identified in isolation and were most 
commonly co-infected with HPV 11, 16 or 18. The most 
common genotypes in multiple co-infected samples was a 
combination of HPV 11, 16 and 18 respectively. Among 
those with known genotypes detected, the number of 
genotypes were distributed as follows:

•	 21 (55.3%) patients had 1 genotype,
•	 6 (15.8%) had 2 genotypes,
•	 6 (15.8%) had 3 genotypes,
•	 4 (10.5%) had 4 genotypes and
•	 1 (2.6%) had 5 genotypes.

Viral Load and CD4 count distribution

OSSN sample histological grading and HIV viral loads were 
compared. In the moderate dysplasia, in situ and invasive 
squamous cell carcinoma groups, the number of patients 
with VL > 1000/ml were 2, 8 and 7 respectively. There was 
no statistically significant correlation between VL and OSSN 
grade. (p < 0.790).

The median CD4 count for all HIV positive patients with 
OSSN was 157 cells/µl (IQR 113- 369). CD4 counts by OSSN 
grade were as follows:

•	 Moderate dysplasia: 458 (IQR 243—701)
•	 SCCIS: 152 (IQR 91.5- 375)
•	 ISCC 160 (IQR 113 – 217)

(K-test for equality of medians p value = 0.308).
Figure 2 compares the CD4 count of each patient with 

OSSN to the histological grading of dysplasia present in the 
lesion. There was a statistically significant difference between 
median CD4 counts among HIV positive patients with mod-
erate dysplasia to those with invasive SCC (p value for Rank 
sum test = 0.0198).

Discussion

The worldwide prevalence of HPV in OSSN is about 
33.8%, with a much higher prevalence in African countries 
of 75–85%, however, many previous studies did not report 

Table 1   The demographic and clinical characteristics of patients with 
OSSN lesions and tested for HPV, N = 63

*Available for 55/56 HIV positive patients with OSSN lesions and 
tested for HPV
**Available for 54 /56 HIV positive patients with OSSN and tested 
for HPV

Characteristic n (%)

Age in years (median, IQR) 42 (35- 47)
Biological sex:
 Female 38 (60.3)
 Male 25 (39.7)

HIV status:
 Negative 3 (4.8)
 Positive 56 (88.9)
 Unknown 4 (6.4)

CD4 count (median, IQR)* 157 (113–369)
CD4 counts < 200 cells/µl* 31 (56.4)
VL categories (copies/ml)**
  < 50 26 (46.4)
 50–1000 13 (23.2)
  > 1000 17 (30.4)
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on the HIV prevalence [5]. Our HPV prevalence of 66.7% 
in OSSN is more in keeping with that of other low-middle 
income countries where there is also a higher percentage 
of HIV positive patients in the population. In comparison, 
in a high-income country such as Germany, a study in 
2009 reported a 0% HPV prevalence in 31 OSSN samples, 
but all these samples were from HIV negative patients. 
The median age of their 26 male and 5 female Caucasian 
patients was 70 (range 42–91) years, which is a lot older 
than our median age of 42 [15].

The most common subtypes of HPV found in OSSN in 
various countries, as noted by a review by Chalkia et al., are 
6,11,16 and 18 [5]. We used the Hybrispot testing method 
which tests for known high risk and low risk subtypes. While 
subtypes 6 and 11 identified in our samples are low risk, the 
subtypes 16, 18, 31, 33 and 35 identified in our samples are 
known to be high risk for their carcinogenic potential. Our 
study suggests that more than one genotype could simul-
taneously be involved in the pathogenesis of OSSN. HPV 
subtype 11 was most prevalent in this cohort, and in 8 of the 
OSSN samples it was the only HPV subtype identified. HPV 

Fig. 1   HPV genotypes identified in the HPV positive samples

Fig. 2   CD4 count of each 
patient compared to their OSSN 
histological grading
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11 is thought to have a low carcinogenic potential in cervix 
carcinoma, but further studies would be required to assess 
its role in OSSN. Quantitative studies would be needed to 
assess whether HPV is actively replicating and therefore 
possibly pathogenic in the malignancy or if the virus is sim-
ply latent in the lesion. We had 4 samples that tested positive 
for HPV but where the subtype could not be determined. 
The Hybrispot testing kit stipulates that in these samples the 
specific genotype is not included in the testing panel. There 
is, therefore, a possible subtype involved in the pathogenesis 
that is not previously known to be carcinogenic. Further test-
ing such as Next Generation Sequencing, although not done 
in this study, may be able to identify these subtypes.

HIV is known to be a risk factor for OSSN. In the African 
continent the prevalence of HIV in OSSN is particularly 
high, with Zimbabwe having found a prevalence of 91% [13]. 
A recent study at a tertiary institution in Gauteng, South 
Africa, reported a prevalence of HIV of 74% in patients with 
OSSN (p < 0.001) [16]. This is in keeping with the finding in 
our study of 88.9% HIV prevalence in patients with OSSN. 
In our study, 2 HIV negative patients with OSSN tested 
positive for HPV. The subtype found in the first sample was 
HPV 16, and in the second sample HPV 11 and 35. The 
possible limitation to the accuracy of our HIV prevalence 
include the window period of HIV and patients having an 
unknown status.

According to an article studying the epidemiology of 
OSSN in Africa, no linear association between CD4 count 
and OSSN has been established [17]. Our results show a 
statistically significant difference between median CD4 
counts among HIV patients with moderate vs invasive SCC 
(p < 0.0198). This could suggest that the lower the CD4 
count of the patient, the more invasive the OSSN. Further 
studies would be needed to assess this correlation as our 
sample size of invasive SCC was much smaller than those 
with moderate dysplasia. No significant correlation between 
HIV viral load and OSSN grade was noted.

A key question for future research would be whether 
more comprehensive HIV treatment and control and HPV 
vaccination could reduce the burden of HIV associated 
malignancies. Due to the retrospective nature of the 
study, and limited clinical records available, the HPV 
vaccination status and HIV treatment profile of this 
study population was unknown. Three HPV vaccines 
namely; 9-valent HPV vaccine (Gardasil 9, 9vHPV, 
Merck & Co. Inc., Rahway, NJ, USA), quadrivalent HPV 
vaccine (Gardasil, 4vHPV, Merck & Co. Inc., Rahway, 
NJ, USA) and bivalent HPV vaccine (Cervarix, 2vHPV, 
GlaxoSmithKline, London, UK), have been licensed by 
the U.S. Food and Drug Administration (FDA). 2vHPV 

protects against HPV 16 and 18, whereas 4vHPV provides 
protection against HPV 6,11,16 and 18 and 9vHPV 
protects against HPV 6,11,16,18,31,33,45,52 and 58 [18]. 
Only 31% of African countries have implemented the 
HPV vaccination as part of their national immunisation 
programmes, compared with 77% and 85% of countries 
in Europe and the Americas, respectively [19]. Further 
identification of potentially carcinogenic HPV subtypes 
could aid in directing HPV vaccines against subtypes 
that are implicated in a particular population group. The 
HPV vaccine was approved by the South African Health 
Products Regulatory Authority in 2008 and in 2014 the 
government introduced free vaccination against HPV to 
girls in public schools [20]. The vaccine currently used in 
South Africa is the bivalent vaccine which, therefore, only 
covers HPV 16 and 18. An HPV vaccine effective against 
multiple strains could provide better protection against 
HPV associated cancers, thereby possibly reducing the 
burden not only of cervical cancer but other cancers such 
as OSSN.

Conclusion

This is the first known report of HPV prevalence in OSSN in 
a South African cohort. The HPV prevalence is high and in 
keeping with other low-middle income countries. Majority 
of patients with confirmed OSSN are HIV positive, and a 
lower CD4 count may be linked to a more invasive form of 
OSSN. HPV subtypes that were most common in this cohort 
include 11,16 and 18, with many samples having more than 
one positive genotype.
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