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Introduction Cytology is an option for triaging human papillomavirus (HPV)-positive women. The inter-
pretation of cytologic slides requires expertise and financial resources that are not always available in
resource-limited settings. A solution could be offered by manual preparation and digitization of slides on
site for real-time remote cytologic diagnosis by specialists. In the present study, we evaluated the operational
feasibility and cost of manual preparation and digitization of thin-layer slides and the diagnostic accuracy of
screening with virtual microscopy.
Materials and methods Operational feasibility was evaluated on 30 cervical samples obtained during col-
poscopy. The simplicity of the process and cellularity and quality of digitized thin-layer slides were evalu-
ated. The diagnostic accuracy of digital versus glass slides to detect cervical intraepithelial neoplasia grade 2
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or worse was assessed using a cohort of 264 HPV-positive Cameroonian women aged 30 to 49 years. The
histologic results served as the reference standard.
Results Manual preparation was found to be feasible and economically viable. The quality characteristics
of the digital slides were satisfactory, and the mean cellularity was 6078 squamous cells per slide. When
using the atypical squamous cells of undetermined significance or worse threshold for positivity, the diag-
nostic performance of screening digital slides was not significantly different statistically compared with the
same set of slides screened using a light microscope (P Z 0.26).
Conclusions We have developed an innovative triage concept for HPV-positive women. A quality-ensured
telecytologic diagnosis could be an effective solution in areas with a shortage of specialists, applying a same
day “test-triage-treat” approach. Our results warrant further on-site clinical validation in a large prospective
screening trial.
� 2023 [Author/Employing Institution]. Published by Elsevier Inc. on behalf of American Society of Cyto-
pathology. This is anopen access article under theCCBY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Cervical cancer remains the fourth most common cancer
diagnosed worldwide, with >300,000 deaths in 2018.1 The
distribution of cervical cancer deaths varies substantially
across the world, with 90% occurring in low- and middle-
income countries (LMICs), reflecting unequal access to
screening.2 The World Health Organization (WHO) has
emphasized the importance of acting immediately to elimi-
nate cervical cancer in LMICs by the end of the century
through a comprehensive approach, including evidence-
based prevention interventions such as vaccination and
screening, in addition to timely treatment of precancerous
and cancerous lesions.2 While awaiting comprehensive
vaccine rollouts in LMICs, effective screening and treatment
programs could prevent one half of the predicted cervical
cancer deaths during the next 50 years.3

Primary screening with human papillomavirus (HPV)
testing is recommended for women aged >30 years in
LMICs by the WHO and as the preferred primary screening
method by the American Cancer Society.4,5 Its high
sensitivity and negative predictive value allow for longer
durations between screening intervals.6 Additionally, some
devices provide rapid point-of-care HPV testing through
analysis of self-obtained vaginal samples. These advan-
tages have improved the efficiency of screening programs
and expanded screening coverage, leading to increased
referrals of eligible women for treatment. One notable
disadvantage is that HPV testing alone has limited speci-
ficity and can lead to unnecessary investigations and
overtreatment. Therefore, a triage strategy is necessary for
HPV-positive women. Reflex cytology has been proposed
in Western countries as the appropriate triage method.
However, this is unfeasible in settings lacking adequate
infrastructure, trained cytotechnologists, and reliable
follow-up.

A solution for countries with limited resources could be
affordable digital imaging technology for real-time remote
cytologic diagnosis by specialists. Using this method, the
preparation and digitization of cervical smears from HPV-
positive women would be performed on site during the same
visit using a “test-triage-and-treat” approach. This process
eliminates the need for in-house cytopathologists and might
allow for reliable, cost-effective triage of HPV-positive
women.

Whole slide imaging, a subset of digital imaging, en-
compasses the process of scanning entire glass slides and
converting the data into high-resolution digital images
transferred to a computer monitor. Whole slide imaging has
been adopted in surgical pathology,7 and evidence has
shown that the diagnostic performance of digital microscopy
is equivalent to that of light microscopy.8-10 The emergence
of affordable portable scanners equipped with software that
can convert microscope images of slides into whole slide
images (WSIs) stored and accessed at a distance in real time,
offers innovative solutions for cervical cancer screening in
resource-limited settings.11

Telecytologic diagnosis of cervical smears using whole
slide imaging technology could, therefore, be integrated as a
triage test using a same day test-triage-and-treat approach to
identify HPV-positive women who require immediate
treatment or follow-up. For this, the preparation and digi-
tization of Papanicolaou (Pap) smears must be conducted on
site. Although in high-income countries, liquid-based
cytology is the preferred method of preparing samples,
liquid-based cytology requires advanced robotic technolo-
gies that are resource intensive and potentially unfeasible for
LMICs. However, affordable manual liquid-based cytology
methods suited to resource-limited settings are
available.12,13

Before introducing this new triage concept to cervical
cancer screening programs in low-resource contexts, the
feasibility, cost, and diagnostic accuracy of the telecytology
process must be assessed. Thus, we designed a two-part
study. First, we evaluated the operational feasibility and cost
of manual preparation and digitization of thin-layer slides.
Second, we compared the diagnostic performance between
virtual cytology and glass slide cytology.

http://creativecommons.org/licenses/by/4.0/
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Material and methods

Setting

The present study was a part of a wider partnership between
the University Hospitals in Geneva, the University Hospital
of Yaoundé, Cameroon, and the University of Dschang,
Cameroon, with the aim of improving cervical cancer
screening in Cameroon. A total of 1582 study participants
were recruited in Dschang between 2018 and 2019 as a part
of this collaboration (ClinicalTrials.gov identifier,
NCT03757299; promoting comprehensive cervical cancer
prevention and better women health in Cameroon). The
cytologic samples from 264 HPV-positive participants
were considered in the diagnostic agreement section of
the present study. To assess the feasibility of telecytologic
diagnoses, 30 cervical smear tests were taken from
consenting women in the Geneva University Hospitals gy-
necology department in 2022 (ClinicalTrials.gov identifier,
NCT05474404; telecytology as a triage tool in LMICs). The
National Ethics Committee of Cameroon (approval no.
2018/07/1083/CE/CNERSH/SP) and the Ethical Cantonal
Board of Geneva, Switzerland (approval no. CCER 2022-
00314) granted ethical approval for the present study.
Operational feasibility and incremental cost

Thin-layer pap-stained slides
To test the feasibility of preparation and digitization of thin-
layer slides, we used SurePath slides (Quest Diagnostics) for
2 reasons: (1) the area of the cell deposit is small (circle, 13
mmØ), resulting in a faster slide scanning time and smaller
file size; and (2) a low-cost manual version of the SurePath
Pap test is available targeted to resource-limited settings.
Figure 1 Process of manual preparation of liquid-bas
Preparation and digitization of liquid-based slides
A total of 30 cervical samples were taken from the Mater-
nity Hospital, Geneva, after patient consent. The trans-
formation zone was sampled using a spatula. The spatula
head was then detached and immediately immersed in a vial
with 10 mL of PreservCyte fluid (Cytyc Corp). The sample
was prepared using the manual SurePath liquid-based
preparation method (BD SurePath Direct to Slide Kit).
Preparation involves cell randomization, pipetting, and
enrichment of cervical cells through centrifugation using a
settling chamber to create a cellular slide preparation
(Fig. 1). Pap staining was then applied within the chamber
(Supplementary Information 1).

All 30 glass slides were digitized using a compact
portable scanner (Ocus40; Grundium Oy). The scanner
creates a whole slide image using a digital microscope
system with robotics. It features a 12-megapixel image
sensor with a 40� objective (numerical aperture, 0.75) and
can be connected wirelessly to a laptop computer. To
optimize the focus, the Z-stack modality of acquisition at 3
focal plane levels at 1-mm intervals was used. In Europe, the
Ocus40 is certified for diagnostic use. All digitized SurePath
glass slides are referred to as WSIs.

The ease of the manual preparation method and digiti-
zation of the slides was assessed by asking 3 operators to
rate the difficulty using a 5-point rating scale (score 1, very
difficult; to score 5, very easy). The mean time for manual
preparation and digitization of the glass slides was
calculated.

The cellularity of the glass slide was estimated using a
40� objective and an eyepiece with a field number of 20.
The total number of cells was calculated using the following
formula: N Z n (acd/amf), where N is the total cell count, n
is the mean cell count of 10 adjacent fields of view along the
horizontal diameter in the center of the circle, acd is the area
ed slides and digitalization for virtual microscopy.
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of cell deposit, and amf is the area of the microscopic field.
A cellularity of �5000 squamous cells was considered
satisfactory.

The quality characteristics of the 30 WSIs were assessed
by an experienced cytopathologist in virtual cytology and
scored as excellent, good, fair, or poor according to the
quality of the staining, sharpness, and visualization through
the cell clusters. A high-resolution laptop monitor and
QuPath, version 0.3.0 (open source software for digital
pathology and WSI analysis), were used for reading and
annotation of the WSIs. The mean time for screening the
WSIs was calculated and compared with the corresponding
screening time for the glass slides.

Incremental cost
We determined the extra costs incurred if we added tele-
cytology as a triage test for HPV-positive women using a
test-triage-and-treat approach. We based our cost assess-
ment on the actual screening program used in Dschang,
Cameroon, where w2000 women are screened annually.
We have found that w20% were HPV positive.14

Diagnostic accuracy of screening with virtual
microscopy

Training
Six cytotechnologists were trained to read digitized slides
by a pathologist proficient in digital cytology. A reference
atlas was created to demonstrate known negative and posi-
tive illustrative cases. The cytomorphologic features that
distinguish the Bethesda squamous and glandular categories
were illustrated in the WSIs and compared with the glass
slides. Additionally, cytotechnologists performed side-by-
side screening of the SurePath glass slides and matched
WSIs to gain experience in reading digitized slides. On
termination of the training period, an anonymous survey in
the form of a Likert scale questionnaire was distributed to
assess the cytotechnologists’ impression regarding the
quality of virtual microscopy and their confidence in their
ability to screen WSIs.

Diagnostic performance
To assess the diagnostic performance of screening WSIs, we
used a cohort of 294 HPV-positive Cameroonian women
(age, 30-49 years), who had been screened with cervical
cytology (SurePath) between September 2018 and July
2019. These women had been previously included in a
cross-sectional study exploring different triage methods to
detect cervical intraepithelial neoplasia grade �2
(�CIN2).15

Histologic assessment of cervical biopsies and endocer-
vical brushings served as the reference standard. The bi-
opsies were performed at the 6-o’clock position within the
transformation zone near the squamocolumnar junction
when no lesion was seen or at the site of the lesion or le-
sions, if identified.
The slides were retrieved from the archives of the orig-
inal study and digitized using the Ocus40 scanner. Even-
tually, 264 slides were satisfactory for evaluation. A total of
30 cases were excluded because of missing data, unsatis-
factory samples for analysis, or nonvisualization of the
cervix. The WSIs were split randomly into equal parts and
distributed to the same cytotechnologists who had screened
the 264 cases between September 2018 and July 2019 using
light microscopy.15

The cytotechnologists were unaware of the original
cytologic and histologic diagnoses but were aware of the
HPV-positive status. The routine diagnostic procedure fol-
lowed was the same as that for conventional light micro-
scopy. The following classification based on the Bethesda
system (2014) was used16: (1) negative for intraepithelial
lesion or malignancy (NILM); (2) atypical squamous cells
of undetermined significance (ASC-US); (3) low-grade
squamous intraepithelial lesion (LSIL); (4) atypical glan-
dular cells (AGC); (5) atypical squamous cells, cannot
exclude high-grade squamous intraepithelial lesion (ASC-
H); (6) high-grade squamous intraepithelial lesion (HSIL);
and (7) cancer. All positive results classified as ASC-US or
worse (�ASC-US) were forwarded to a cytopathologist for
the final diagnosis. Cases deemed negative by cytology
were assessed by a single cytotechnologist and were not
forwarded for a second opinion unless the patient had a
history of CIN or cancer.

Statistical analysis

Statistical analyses were performed using R, version 4.1.2
(R Foundation for Statistical Computing). The histopatho-
logic results served as the reference standard when
measuring the diagnostic accuracy of WSIs versus glass
slides for the detection of �CIN2 and �CIN3 lesions. We
used the McNemar test to compare sensitivity and speci-
ficity, the generalized score statistic to compare the positive
and negative predictive values, and a regression model
approach to compare the positive and negative diagnostic
likelihood ratios. The interrater reliability was calculated
between the 2 techniques using Cohen’s kappa and per-
centage agreement scores. Receiver operating characteristic
(ROC) curves (sensitivity against 1 � specificity) were
generated for both diagnostic methods and the associated
areas under the ROC curve calculated. The Venkatraman
test was used to test the statistical equality of the ROC
curves. A 2-tailed P value of 0.05 was considered statisti-
cally significant.

The estimated Cohen’s kappa precision for our sample of
264 patients was calculated assuming a moderate agreement
of kappa of 0.5 between the glass slide and WSI diagnosis
for 3 cytologic categories (NILM, ASC-US or LSIL, and
AGC, ASC-H, HSIL, or cancer). Assuming a rate of 80%
NILM, 10% ASC-US or LSIL, and 10% AGC, ASC-H,
HSIL, or cancer based on prior experience of cervical cancer
screening in this population and considering a type I error
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rate alpha of 0.05, a sample of 264 patients provided a �0.1
marginal error.
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Results

Preparation and digitization of liquid-based slides
and quality assessment

The preparation of the 30 samples was judged very easy
(score 5) by 3 operators. The quality of the corresponding
WSIs was scored as good for 18 of 30 slides and excellent
for 12 of 30 slides, considering the parameters of stain
quality, visualization through cell clusters, and sharpness.
The identification of abnormal cells was easier for isolated
cells than for cellular groups (Supplementary Information 2
and 3).

The mean estimated cellularity was 6078 squamous cells
per slide. Of the 30 samples, 22 had sufficient cellularity
(5000-12,100 cells) and 8 had unsatisfactory cellularity
(<5000 cells). However, in 6 of these 8 cases, we found
abnormal cells despite the unsatisfactory cellularity; there-
fore, we considered these slides to be adequate.

The mean time for manual preparation of the slides was
20 minutes (range, 18-25 minutes), and the mean time for
digitization was 6 minutes (range, 5-6 minutes). The file size
of the WSIs was an average of 1 GB. The mean screening
time was 21 minutes (range, 15-31 minutes) for WSIs versus
7 minutes (range, 4e8 minutes) for the corresponding glass
slides.
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Incremental cost

Our calculation was based on the telecytologic screening of
400 HPV-positive women annually. The startup and oper-
ational costs for our particular program based in Cameroon
were calculated as $32,063 and $2498, respectively. We
anticipated the incremental annual running cost per HPV-
positive woman to be $6.24 (2498 divided by 400;
Supplementary Information 4).
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WSI quality and diagnostic confidence

The trained cytopathologists unanimously agreed that the
visualization, screening, and annotations of the cells on the
monitor was easy and that identification of benign and
atypical cells on WSIs was easy (Table 1). The participants
unanimously reported that they preferred screening with
glass slides because it was faster. Mixed responses were
given regarding the quality of focus through the clusters on
the WSIs and the cytotechnologist’s comfort rendering a
diagnosis using WSIs.
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Diagnostic agreement and accuracy of screening
with virtual and light microscopy

Study population
Among the 1582 eligible women recruited as study partic-
ipants, 294 (18.6%) were HPV-positive and eligible for
triage. After the exclusion of 30 cases, the final analysis
included 264 HPV-positive women. The results obtained
from the histologic and cytologic examinations are shown in
Fig. 2.

Diagnostic agreement
The comparison between the WSI and glass slide diagnoses
is presented in Table 2. The overall agreement was 82.6%
(95% confidence interval, 78.0-87.1), and the kappa coef-
ficient showed moderate agreement (0.51; Table 3). When
stratified into 3 diagnostic categories (NILM, ASC-US/
LSIL, AGC/ASC-H/HSIL/cancer), a greater observer
agreement (86.0%) and kappa coefficient (0.60) were ob-
tained. The highest diagnostic concordance was found in the
grouped diagnoses stratified by �CIN2 and �CIN3, with an
agreement of 79.4% (kappa, 0.58) and 90.5% (kappa, 0.74)
respectively (Table 3).

Diagnostic accuracy
Of the 48 women triaged as positive at the �ASC-US
threshold using light microscopy, 27 (56%) were diagnosed
with �CIN2 by histologic examination (Table 4). The
corresponding rate was 48.3% (29 of 60) for virtual mi-
croscopy. Five CIN2 and two CIN3 lesions were missed by
Sa�sfactory for evalua�on: n=

Women screened
By self-sampled rapid PCR HPV 

HPV posi�ve n=294 (18

Histology: 264  
Nega�ve: 181
CIN 1: 49
CIN 2: 13
CIN 3: 18
Cancer: 3

Glass slide cytology: 
Nega�ve: 216
ASC-US: 11
LSIL: 14
AGC: 0
ASC-H: 2
HSIL: 18
Cancer: 3

Excl
-Exc
-Mis
-Un
-Mis
-Un

Figure 2 Flow chart showing study population, whole slide image (W
glandular cells; ASC-H, atypical squamous cells cannot exclude high-g
cells of undetermined significance; CIN, cervical intraepithelial neoplasi
epithelial lesion; LSIL, low-grade squamous intraepithelial lesion; PCR,
light microscopy and two CIN2 and three CIN3 lesions were
missed by virtual microscopy.

No statistically significant difference was found in the
diagnostic accuracy of WSIs compared with glass slides for
�CIN2 (Table 5). However, the specificity (82.7%), posi-
tive predictive value (30.0%), and positive likelihood ratio
(495.9) for the WSIs were significantly lower at the �CIN3
threshold when compared with those for the glass slides
(88.1%, 39.6%, and 758.1, respectively). The ROC curve
analysis of the cytologic cutoff values for WSI compared
with glass slide cytology did not show a statistically sig-
nificant difference in the areas under the ROC curve at both
the �CIN2 (0.90 versus 0.87; PZ 0.260) and �CIN3 (0.90
versus 0.92; P Z 0.497) thresholds of detection (Fig. 3).

Discussion

Although the potential value of telepathology in health
systems is promising, its introduction into LMICs for
diagnostic use necessitates careful preclinical evaluations of
the feasibility and diagnostic safety. The aim of the present
study was to evaluate an innovative triage modality for
HPV-positive women to detect cervical precancerous le-
sions in a resource-poor context. The present study is, to the
best of our knowledge, the first conducted regarding this
concept within a same day test-triage-and-treat approach.

Overall, the preparation and digitization of slides was
operationally feasible based on the procedure’s acceptability
and estimated costs and quality of the digital images ob-
tained. The centrifugation-based method described is similar
264 (89.8%)

 
test (n=1582)

.6%) 
HPV nega�ve: 1288

264 WSI cytology: 264
Nega�ve: 204
ASC-US: 8
LSIL: 18
AGC: 0
ASC-H: 11
HSIL: 21
Cancer: 2

uded: 30
luded due to non-visualisa�on of the cervix: 1
sing data histology: 3

sa�sfactory for histological evalua�on: 5
sing data cytology: 10

sa�sfactory for cytological evalua�on: 11

SI) cytology, glass cytology, and histologic results. AGC, atypical
rade squamous intraepithelial lesion; ASC-US, atypical squamous
a; HPV, human papillomavirus; HSIL, high-grade squamous intra-
polymerase chain reaction.



Table 2 Comparison of cytologic diagnosis between WSI cytology and glass slide cytology.

WSI diagnosis Glass slide diagnosis (n)

NILM ASC-US LSIL AGC ASC-H HSIL Cancer Total

NILM 194 5 5 0 0 0 0 204
ASC-US 11 2 5 0 0 0 0 18
LSIL 5 0 3 0 0 0 0 8
AGC 0 0 0 0 0 0 0 0
ASC-H 5 4 1 0 0 1 0 11
HSIL 1 0 0 0 2 17 1 21
Cancer 0 0 0 0 0 0 2 2
Total 216 11 14 0 2 18 3 264

Abbreviations: AGC, atypical glandular cells; ASC-H, atypical squamous cells cannot exclude high-grade squamous intraepithelial lesion; ASC-US, atypical
squamous cells of undetermined significance; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; NILM,
negative for intraepithelial lesion or malignancy; WSI, whole slide image.
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to other manual methods successfully used in the past.13,17 It
is most appropriate for low-volume laboratories and,
therefore, well suited to our program in Cameroon,
considering we anticipate 400 HPV-positive women
annually.

Using the SurePath manual technique, we usually found
satisfactory cellularity, complying with the 2014 Bethesda
System requirements update, which includes a minimum of
5000 squamous cells on liquid-based preparations.18 The
quality characteristics of all WSIs were rated as good or
excellent by a cytopathologist and were adequate for
diagnosis. Visualization and annotations were found to be
ergonomically friendly. The mean time for diagnosis with
the WSIs was longer than that for the glass slides screened
using a light microscope. Similar findings have been re-
ported in other studies, with interpretation of thin-layer
slides requiring a longer time for WSIs than for glass
slides.19-21 The longer screening time of WSIs is a barrier
to using digital cytology in a large-volume laboratory. The
average screening time of 21 minutes we observed in the
present study would allow for screening of w3 slides per
hour, which would equate to many fewer than the 100
Table 3 Interobserver agreement for cytologic diagnosis between W

Histologic diagnosis WSIs versus glass slides

Individual diagnosisa

Observed agreement Kappa

Negative (n Z 181) 87.8 (83.0-92.6) 0.31 (0.1
CIN1 (n Z 49) 75.5 (63.4-87.5) 0.26 (0.0
�CIN2 (n Z 34) 64.7 (48.6-80.7) 0.49 (0.3
�CIN3 (n Z 21) 66.7 (46.5-86.8) 0.48 (0.2
Overall (n Z 264) 82.6 (78.0-87.1) 0.51 (0.4

Abbreviations: CIN1, cervical intraepithelial neoplasia grade 1; CIN2, cervical
grade 3; WSI, whole slide image.
Data presented as percentages (95% confidence intervals).
aEach cytologic diagnosis was compared separately.
bDiagnoses were grouped into 3 categories: negative for intraepithelial lesion or
cells of undetermined significance; and atypical glandular cells/atypical squamo
grade squamous intraepithelial lesion/cancer.
slides per 8-hour working day limit set by the Clinical
Laboratory Improvement Amendments of 1988. However,
in Cameroon, we do not expect to enroll >2 or >3 HPV-
positive women per day. Thus, the proposed triage mo-
dality would be appropriate in this context and for other
peripheral healthcare centers. Furthermore, the screening
time could be reduced using computer-aided diagnostic
tools. Thus, we are evaluating an artificial intelligence-
based algorithm, which might allow for the automatic
classification of negative cases and locating and high-
lighting the areas in the WSIs most likely to contain
abnormal cells.

We found that using Z-stack improved viewing of the
WSIs. Like others,22 we used 3 z-planes at 1 mm for the
SurePath slides. Despite this, occasionally fine nuclear de-
tails were not well distinguished, and the ability to focus
when examining 3-dimensional cell clusters was sometimes
limited. Other Z-stack settings might allow for better
focusing and should be investigated.

A successful introduction of WSI-based diagnosis re-
quires proper training of the cytotechnologists to acquire the
skills and confidence needed to interpret digital images.20
SI cytology and glass slide cytology.

Grouped diagnosisb

Observed agreement Kappa

3-0.49) 89.0 (84.3-93.5) 0.36 (0.16-0.57)
0-0.51) 79.6 (68.3-90.8) 0.35 (0.02-0.68)
0-0.69) 79.4 (65.8-93.0) 0.58 (0.35-0.82)
0-0.75) 90.5 (77.9-100) 0.74 (0.43-1.00)
1-0.62) 86.0 (81.7-90.1) 0.60 (0.48-0.71)

intraepithelial neoplasia grade 2; CIN3, cervical intraepithelial neoplasia

malignancy; low-grade squamous intraepithelial lesion/atypical squamous
us cells cannot exclude high-grade squamous intraepithelial lesion/high-



Table 4 Histopathologic outcomes stratified by WSI and glass slide results.

Histologic diagnosis NILM ASC-US LSIL AGC ASC-H HSIL Cancer Total

Glass slide diagnosis (n)
Negative 168 6 7 0 0 0 0 181
CIN1 41 1 5 0 0 2 0 49
CIN2 5 2 1 0 0 5 0 13
CIN3 2 2 1 0 2 11 0 18
Cancer 0 0 0 0 0 0 3 3
Total 216 11 14 0 2 18 3 264
WSI diagnosis (n)
Negative 160 8 6 0 6 1 0 181
CIN1 39 8 0 0 0 2 0 49
CIN2 2 1 2 0 3 5 0 13
CIN3 3 1 0 0 2 12 0 18
Cancer 0 0 0 0 0 1 2 3
Total 204 18 8 0 11 21 2 264

Abbreviations: AGC, atypical glandular cells; ASC-H, atypical squamous cells cannot exclude high-grade squamous intraepithelial lesion; ASC-US, atypical
squamous cells of undetermined significance; CIN1, cervical intraepithelial neoplasia grade 1; CIN2, cervical intraepithelial neoplasia grade 2; CIN3, cer-
vical intraepithelial neoplasia grade 3; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; NILM, negative
for intraepithelial lesion or malignancy; WSI, whole slide image.
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Consistent with previous studies,23 we found that reticence
to render a diagnosis with digital slides diminished as the
training session progressed. At the end of the session, all the
participants described themselves as confident in reading
digital images. The main limitation identified was the longer
time required to interpret WSIs, notably in the context of
high volumes of slides.

We found that the annual running cost of consumables is
affordable for our local facility’s needs. However, initial
start-up funding for the scanner will be needed, in addition
to the modest projected operational costs for telecytologic
screening.
Table 5 Performance parameters of WSI and glass slide cytology at

Performance metrics and histologic thresholds Glass slide

�CIN2 (n Z 34; 12.9%)
Sensitivity 79.4 (62.1
Specificity 90.9 (86.4
PPV 56.3 (41.2
NPV 96.8 (93.4
PLR 869.7 (558
NLR 22.7 (11.7

�CIN3 (n Z 21; 7.9%)
Sensitivity 90.5 (69.6
Specificity 88.1 (83.3
PPV 39.6 (25.8
NPV 99.1 (96.7
PLR 758.1 (524
NLR 10.8 (2.9-

Abbreviations: �ASC-US, atypical squamous cells of undetermined significance o
epithelial neoplasia grade 3; NLR, negative likelihood ratio; NPV, negative pred
WSI, whole slide image.
Data presented as percentages (95% confidence intervals).
aStatistically significant difference.
The second part of the study aimed to ensure that patient
safety would not be compromised by the introduction of
WSI telecytology as a triage test. The results demonstrated
that the diagnostic performance at the CIN2 threshold of
screening with WSIs was not significantly different statis-
tically compared with the same slides screened using a light
microscope.

We did not find studies on the diagnostic accuracy and
agreement that had used our exact method. Most studies had
evaluated static images,24 and very few studies examining
platforms that permit visualization of entire slides have been
reported. One report of whole slides showed that the
a threshold of �ASC-US.

WSI P value

-91.3) 85.3 (68.9-95.0) 0.317
-94.3) 86.5 (81.4-90.7) 0.059
-70.5) 48.3 (35.2-61.6) 0.143
-98.7) 97.5 (94.4-99.2) 0.389
.9-1353.0) 632.8 (443.3-903.4) 0.147
-43.9) 17.0 (7.6-38.2) 0.397

-98.8) 85.7 (63.7-97) 0.317
-91.9) 82.7 (77.4-87.3) 0.020a

-54.7) 30.0 (18.8-43.2) 0.015a

-99.9) 98.5 (95.8-99.7) 0.263
.4-1096.0) 495.9 (358.0-686.9) 0.012a

40.4) 17.3 (6.0-49.3) 0.253

r worse; CIN2, cervical intraepithelial lesion grade 2; CIN3, cervical intra-
ictive value; PLR, positive likelihood ratio; PPV, predictive positive value;



Figure 3 Receiver operating characteristic (ROC) curve analysis for cervical intraepithelial neoplasia grade 2 or worse (�CIN2) and
�CIN3 detection by whole slide image (WSI) and glass slide cytology. Although the performance parameters at all cutoff values were sta-
tistically indistinguishable between the 2 diagnostic methods of screening, the atypical squamous cells of undetermined significance or worse
(�ASC-US) cutoff obtained the highest sensitivity for both methods. ASC-H, atypical squamous cells cannot exclude high-grade squamous
intraepithelial lesion; ASCUS, atypical squamous cells of undetermined significance; AUC, area under the receiver operating characteristic
curve; LSIL, low-grade squamous intraepithelial lesion.

Figure 4 Proposed algorithm for a same day test-triage-and-treat approach using telecytology as a triage tool. AGC, atypical glandular
cells; ASC-H, atypical squamous cells cannot exclude high-grade squamous intraepithelial lesion; ASC-US, atypical squamous cells of un-
determined significance; HIV, human immunodeficiency virus; HSIL, high-grade squamous intraepithelial lesion; HPV, human papilloma-
virus; LLETZ, large loop excision of transformation zone; LSIL, low-grade squamous intraepithelial lesion; VIA, visual inspection with
acetic acid.
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diagnostic accuracy for precancerous lesions on SurePath
slides was equal for virtual and conventional microscopy.19

Other studies also reported diagnostic agreement. In 1 case,
the agreement between glass slides and WSIs using the
Aperio system ranged from 90% to 100% among the re-
viewers.20 Another study comparing 2 different data sets
(light microscopy versus light microscopy and virtual mi-
croscopy versus light microscopy) demonstrated similar
overall concordance rates of 97.8% and 95.3%,
respectively.25

We found interpretative variability in our cytologic di-
agnoses between virtual and light microscopy (Table 3). The
interpretative variability of cervical cytology among well-
trained observers has been acknowledged in the litera-
ture.26,27 However, the discrepancies noted in our study did
not affect the performance of screening with WSIs when
applying the threshold of �ASC-US for the detection of
�CIN2. Therefore, the virtual diagnosis of Pap smears does
not appear to confer a greater risk of missing clinically
significant lesions compared with light microscopy. It ap-
pears sufficiently sensitive, with acceptable specificity, and
could, therefore, be beneficial for triage.

A screening and triage model could be designed as fol-
lows (Fig. 4): (1) self-collected rapid HPV testing (Gen-
eXpert system); (2) triage by telecytologic diagnosis (Pap
smear); (3) treatment of HPV-positive women; and
(4) follow-up at 1 year. For samples with low cellularity, we
propose repeating the Pap smear and digitization on the
same day of the visit. In the case of obscuring inflammation,
we would recall the patient after local treatment.

Visual inspection with acetic acid (VIA) would be used
exclusively to assess a patient’s eligibility for thermal
ablation or the need for referral for further evaluation. This
might allow for better care than solely relying on VIA,
which despite its poor sensitivity and specificity, is the
recommended triage method by the WHO for a screen-and-
treat approach.28 Before its implementation, a prospective
on-site validation study is required to compare the perfor-
mance of a telecytologic diagnosis versus VIA. The per-
formance of combined telecytologic diagnosis and HPV
genotyping should also be explored.

Our study had several strengths. First, operational feasi-
bility was explored rigorously to identify and analyze
practical barriers. Second, the diagnostic accuracy of WSIs
and glass slides was verified by histologic examination for
all participants. Finally, the cytotechnologists followed
identical screening procedures for virtual and light micro-
scopy, and the same cytotechnologists assessed the glass
slides and WSIs. The main limitation of the present study
was that we performed an off-site validation that did not
investigate the operational time, strength of the internet
connection, or complexity and cost of sending digital slides
from Cameroon to remote consultants. Furthermore, the
study design did not permit an intraobserver evaluation.
Finally, the number of �CIN2 or �CIN3 lesions was
relatively small. Therefore, a future study with a larger
number of cases should be considered for further research to
detect a potential difference in diagnostic accuracy.

Conclusions

We developed an innovative triage concept for HPV-
positive women offering a quality-ensured telecytologic
diagnosis in areas that lack specialists. The expected small
number of HPV-positive women who would need to be
screened each day in peripheral healthcare settings suggests
that telecytology could be an effective triage tool to
implement with a same day “test-triage-and-treat” approach.
The results of the present study have demonstrated that the
manual preparation of slides and that their digitization is
feasible. The diagnostic performance of virtual microscopy
was equivalent to light microscopy using �ASC-US as the
threshold of positivity. Our results warrant further on-site
clinical validation in a large prospective screening trial.
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