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Diagnostic performance of an automated microscopy and pH

test for diagnosis of vaginitis
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Vaginitis is a common gynecological problem, nevertheless, its clinical evaluation is often insufficient. This study evaluated the
performance of an automated microscope for the diagnosis of vaginitis, by comparison of the investigated test results to a
composite reference standard (CRS) of wet mount microscopy performed by a specialist in vulvovaginal disorders, and related
laboratory tests. During this single-site cross-sectional prospective study, 226 women reporting vaginitis symptoms were recruited,
of which 192 samples were found interpretable and were assessed by the automated microscopy system. Results showed sensitivity
between 84.1% (95%Cl: 73.67-90.86%) for Candida albicans and 90.9% (95%Cl: 76.43-96.86%) for bacterial vaginosis and specificity
between 65.9% (95%Cl: 57.11-73.64%) for Candida albicans and 99.4% (95%Cl: 96.89-99.90%) for cytolytic vaginosis. These findings
demonstrate the marked potential of machine learning-based automated microscopy and an automated pH test of vaginal swabs
as a basis for a computer-aided suggested diagnosis, for improving the first-line evaluation of five different types of infectious and
non-infectious vaginal disorders (vaginal atrophy, bacterial vaginosis, Candida albicans vaginitis, cytolytic vaginosis, and aerobic
vaginitis/desquamative inflammatory vaginitis). Using such a tool will hopefully lead to better treatment, decrease healthcare costs,

and improve patients’ quality of life.
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INTRODUCTION

Vulvovaginal symptoms, collectively termed vulvovaginitis, are
one of the most common reasons for gynecological consultation’.
Most women will experience at least one episode of vaginal
infection during their lifetime, characterized by discharge, itch,
burning, or odor?. Vulvovaginitis is caused by various infectious
and non-infectious conditions that may present as an acute, short-
term complaint, or as a chronic disorder. Vaginitis conditions, and
more so in their recurrent or chronic forms, have a negative
impact on women'’s health-related quality of life* contributing to a
major negative impact on self-esteem and sexual relationships®.
Mixed vaginitis, where at least two types of vaginitis are present, is
reported in 4.4% to 35% of evaluated patients®.

Diagnosis of the specific cause of vaginitis based on clinical
presentation is limited, due to the similarity of symptoms and
signs, such as itching, erythema, malodor, and vaginal discharge.
Therefore, to obtain an accurate diagnosis additional procedures
or diagnostic tests are required. Clinical guidelines suggest that pH
and wet mount microscopy of fresh vaginal samples constitute
the in-clinic standard practice for the diagnosis of vaginitis>¢~2,
However, the actual level of use of these two measures is low.
Hillier et al. reported that among women with vulvovaginitis
symptoms, microscopy was conducted in only 17.4% of 281 visits®.
An earlier study showed that microscopic assessment of vaginal
discharge was not performed in 37% of 150 clinic visits'®, and 42%
of 50 different physicians did not perform microscopy as part of
the evaluation of vaginitis'®. Additionally, in >90% of office visits,
pH measurement of vaginal discharge was not performed'®. A
review of 149,934 American patients’ files found that over 60% did
not include procedure codes for any form of vaginitis diagnostic
testing''. High rates of antifungal and antibacterial use were
found, suggesting common empiric treatment, and likely over-
prescription of antifungal and antibacterial medications''. A study
from the Netherlands found that only 16% (61/380) of GPs

reported “always” or “often” using microscopy to diagnose
vulvovaginal candidiasis, while only 7.9% (30/380) reported
“always” or “often” using culture for the same purpose'2. Other
reports found high levels of misdiagnosis of bacterial vaginosis
(BV) and vulvovaginal candidiasis (VVC), regardless of utilization of
microscopy, suggesting inadequate use of microscopy as a
possible explanation'®, Underutilization of these simple in-clinic
tests often leads to inadequate treatment®'%'4, with up to 47% of
patients receiving one or more inappropriate prescriptions®, as
well as treatment without adequate evaluation in 54% of visits,
implying appropriate treatment in fewer than half of the cases'.

An insufficient in-clinic evaluation may result from the absence
of suitable equipment (i.e., microscope), lack of proper training in
the preparation and interpretation of a wet mount, time
constraints, and lack of awareness that these measures allow
improved detection of the causes of vaginitis'. As an alternative to
microscope usage, providers can send vaginal samples for
laboratory evaluation. Nevertheless, laboratory tests are aimed at
detecting only infectious etiologies and cannot detect noninfec-
tious conditions such as vaginal atrophy, desquamative inflam-
matory vaginitis (DIV, also termed aerobic vaginitis, AV), and
cytolytic vaginosis. In addition, these methods are not available in
many clinical settings, are expensive, time-consuming, and do not
provide timely results, as many of these tests require a process
that lasts from several hours'” to several days, thus not allowing a
point-of-care diagnosis.

Laboratory methods include cultures, a multiplex polymerase
chain reaction (PCR) panel, and nucleic acid amplification testing
(NAAT)S. Some rapid point-of-care tests are available'®'?, never-
theless, these tests are only for a subset of the related conditions,
including BV and trichomoniasis. Each test can only diagnose a
single cause, necessitating the conduction of multiple tests, thus
increasing the turnover time and cost. Collectively, these findings
suggest that current clinical practice is sub-optimal and indicate
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Table 1. Diagnostic Performance of GYNI™ test compared to a CRS of culture, PCR, and wet mount microscopy.

Condition

Overall Accuracy

Sensitivity

Specificity

PPVP

NPV©

Vaginal Atrophy % (n/N) 91.15% (175/192) 84.62% (22/26)
95% CI? [86.28%; 94.40%] [66.47%; 93.85%)]
Bacterial Vaginosis % (n/N) 84.90% (163/192) 90.91% (30/33)
95% ClI [79.15%; 89.27%] [76.43%; 96.86%]
Candida albicans % (n/N) 72.40% (139/192) 84.06% (58/69)
95% ClI [65.68%; 78.23%] [73.67%; 90.86%]
Cytolytic Vaginosis % (n/N) 98.44% (189/192) 85.71% (12/14)
95% Cl [95.51%; 99.47%] [60.06%; 95.99%)]
AV/DIV % (n/N) 94.27% (181/192) 88.00% (22/25)
95% ClI [90.03%; 96.77%] [70.04%; 95.83%]

92.17% (153/166)
[87.06%; 95.37%]
83.65% (133/159)
[77.12%; 88.59%]
65.85% (81/123)

[57.11%; 73.64%]
99.44% (177/178)
[96.89%; 99.90%]
95.21% (159/167)
[90.83%; 97.55%]

62.86% (22/35)
[46.34%; 76.83%]
53.57% (30/56)
[40.70%; 65.98%]
58.00% (58/100)
[48.21%; 67.20%]
92.31% (12/13)
[66.69%; 98.63%]
73.33% (22/30)
[55.55%; 85.82%)]

97.45% (153/157)
[93.63%; 99.00%)]
97.79% (133/136)
[93.72%; 99.25%)]
88.04% (81/92)

[79.85%; 93.19%]
98.88% (177/179)
[96.02%; 99.69%)]
98.15% (159/162)
[94.70%; 99.37%]

2Cl confidence interval.
bppy positive predictive value.
°NPV negative predictive value.

the need for a diagnostic modality that is efficient, cost-effective,
allows for a wide range of diagnoses, and is usable during the
clinic visit'81°,

The investigational test evaluated in this study is the GYNI™
rapid point-of-care system (GynTools, Israel), an automated in-
vitro diagnostic system, intended to aid in the diagnosis of
vaginitis in symptomatic women, by qualitatively detecting the
following vaginitis conditions or pathogens at the point-of-care:
(1) BV, (2) Candida albicans vaginitis (CA), (3) Candida non-albicans
vaginitis (NAC), (4) T. vaginalis, (5) vaginal atrophy (also referred to
as atrophic vaginitis or genitourinary syndrome of menopause,
GSM), (6) aerobic vaginitis/desquamative inflammatory vaginitis
(AV/DIV), and (7) cytolytic vaginosis (CV).

The objective of this study was to evaluate the diagnostic
performance of the investigational test in qualitatively detecting
different vaginal disorders, by comparison to a composite
reference standard (CRS) of wet mount microscopy performed
by a specialist in vulvovaginal disorders (the first author, ALS) and
laboratory tests of CHROMagar™ candida culture and sexually
transmitted infection (STI) multiplex PCR for detection of
trichomoniasis.

RESULTS
Performance of the investigational test

A total of 226 women with vaginitis symptoms were recruited
between December 2020 and October 2022. The majority were
Caucasians, representing the Israeli population.

Thirty-four cases were excluded in accordance with the exclusion
criteria of an uninterpretable sample. The performance of the
investigational test for the detection of each condition based on a
total of 192 included cases is shown in Table 1 and Fig. 1.

Performance of the specialist

The results for the specialist diagnosis, compared to the
CHROMagar™ Candida albicans culture tests were of an overall
accuracy level of 93.1% (189/203) and a sensitivity and specificity
of 86.7% (72/83) and 97.5% (117/120), respectively, and k of 0.855
(0.782-0.927), as shown in Table 2.

Condition distribution

The number of cases found of each condition by the gold
standard method of either the expert or the laboratory results are
as follows (including coinfections): Candida albicans vaginitis: 69,
BV: 33, vaginal atrophy: 26, AV/DIV: 25, cytolytic vaginosis: 14,
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Fig. 1 The investigational test diagnostic performance chart. T.
vaginalis and Candida non-albicans are excluded due to a low
number of cases.

other conditions, including T. vaginalis and Candida non
albicans:28. In 17 cases no definite diagnosis was made by
the CRS.

The percent of cases by condition is presented in Fig. 2.

Coinfections

We found 22 cases (11.5%) where the CRS indicated a
coinfection, i.e., presence of more than one condition?’. 12
cases were for a combination of BV and Candida albicans
vaginitis. The other combinations were Candida albicans and
Candida non-albicans (3), BV and DIV (2), Candida albicans and
DIV (2), cytolytic vaginosis and Candida non-albicans (1), atrophy,
Candida albicans and Candida non-albicans (1), BV and T.
vaginalis (1).

Symptoms distribution

The distribution of patient-reported vaginal symptoms is pre-
sented in Fig. 3.
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Table 2. Diagnostic performance of physician diagnosis compared to lab culture for Candidiasis.

Condition Overall Accuracy Sensitivity Specificity PPV NPV<

Candida albicans % (n/N) 93.10% (189/203) 86.75% (72/83) 97.50% (117/120) 96.00% (72/75) 91.41% (117/128)
95% CI? [88.76%,; 95.85%)] [77.81%; 92.44%)] [92.91%;99.15%] [88.89%; 98.63%] [85.27%; 95.13%]

2Cl confidence interval.
PPV positive predictive value.
°NPV negative predictive value.

Candida albicans
32%

Bacterial vaginosis
16%

Vaginal atrophy
12%

Aerobic vaginitis (DIV)
12%

No Diagnosis
8%
Other conditions
13%

Fig. 2 The percent of cases by condition. Every diagnosed
condition was separately counted. Reflecting 195 diagnosed
conditions/192 patients including 22 cases of coinfection and 17
cases of no established diagnosis.

113
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Fig. 3 The distribution of patient-reported vaginal symptoms.
The bars depict the number of patients reporting each symptom.

DISCUSSION
This study aimed to evaluate the performance of the investiga-
tional test in diagnosing seven vaginitis conditions, from a single
swab, in a clinical setting.

The results for two of the seven conditions (Candida non albicans
and T. vaginalis) were not reported due to an insufficient number of
cases. For the remaining five conditions, sensitivity and specificity

Published in partnership with Seoul National University Bundang Hospital

ranged from 84.1%/65.9%, respectively for Candida albicans and up
to 90.9%/83.6% for BV. These results are superior to those reported
for in-clinic testing (Amsel’s test, potassium hydroxide preparation,
and wet mount) performed during routine clinic visits®'.

It should be noted that samples of more than 10% of recruited
patients were excluded: samples obtained from the first 30
patients were uninterpretable due to a camera stabilization
problem that was identified and resolved by a scanner software
update. One patient used a topical external ointment, a temporary
server error occurred in one case, and reading was not available in
one case due to a scanner horizontal movement malfunction.

Studies reported that at least 30% of women presenting with
vaginal complaints do not receive a diagnosis after a comprehen-
sive workup'. Furthermore, the presence of coinfections makes
accurate diagnosis of vaginitis even more challenging. It was
previously shown that clinician diagnosis of BV based on
microscopy was less accurate when T. vaginalis and/or Candida
spp. were also detected in the sample by the reference methods?2.
In addition, studies comparing diagnostic accuracy of providers to
that of laboratory results, showed a high proportion of disagree-
ment between the practitioners’ diagnoses and the laboratory
diagnoses'®%23, Nyirjesy et al conducted a survey among 333
physicians in order to measure awareness of vaginitis clinical
guidelines and the use of in-office diagnostic tools?*. The study
found limited awareness of recommended diagnostic practice
guidelines, and limited access to all three point-of-care tools
(microscope, pH test strips and KOH solution)??,

Detecting the etiology of both infectious and non-infectious
vaginal disorders provides an unprecedented diagnostic spec-
trum. To our knowledge, our results are the first ever reported for
any automated tool to aid in diagnosing either vaginal atrophy or
cytolytic vaginosis. In these cases, the diagnosis is based on
cytologic characteristics and pH level. Correct diagnosis of vaginal
atrophy is of high significance, since according to the 2020
position statement of the North American Menopause Society,
GSM affects approximately 27% to 84% of postmenopausal
women and can significantly impair health, sexual function, and
quality of life, but only a minority of them seek help or are offered
assistance by their physicians®.

Unlike laboratory methods such as Gram stain and culture
which may be highly subjective to sampling, transport conditions,
and technical proficiency, and may have prolonged turnaround
times?%, the evaluated investigational test provides fast in-clinic
results from a single specimen within 5 minutes from scan
initiation. This is done by automating the entire recommended
practice of reported symptoms consideration, pH measurement,
slide preparation, and slide scanning, and by harnessing deep-
learning computer-vision image classification to support the
provider’s diagnosis.

In various primary care settings, multiple reasons preclude an
accurate diagnosis of vaginitis during the clinic visit, including the
lack of an experienced microscopist. In addition, in some countries
the first-line physician diagnosis for vulvovaginitis is made by a
gynecologist and in others (for example, the United Kingdom and
the Netherlands), it is a GP. The presented results suggest that
using an in-office automated tool that relies on a combination of
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Table 3. Composite reference standard (CRS) comparators.

Condition Lab Comparator Specialist Comparator

Bacterial vaginosis - Amsel criteria (including typical microscopy as an imperative criterion, i.e., presence of

clue cells)
Candida albicans CHROMagar™ culture test WMM?
Candida non-albicans ~ CHROMagar™ culture test WMM?
Trichomonas Multiplex PCR® (SeeGene Allplex ~ WMM?
STI-EA)
Vaginal Atrophy (GSM€) - WMMm?

Aerobic vaginitis (DIV) - WMM? showing parabasal cells and >1:1 inflammatory to squamous cells; purulent

discharge not explained by other entities; and elevated pH3*
Cytolytic vaginosis - WMM? showing increased lactobacilli, cytolysis with bare or naked intermediate nuclei.

pH < 3.8 and a negative yeast culture®

Wet Mount Microscopy

PPolymerase Chain Reaction

“Genitourinary syndrome of menopause

Clinical diagnostic criteria applied by the CRS: BV was diagnosed based on 3 out of 4 Amsel’s criteria including typical microscopy as an imperative criterion,
i.e., presence of clue cells and coccobacillary microbiota; C. albicans vaginitis was diagnosed based on identification of C. albicans in culture with or without
identification of hyphae/spores on microscopy; Candida non-albicans vaginitis was diagnosed based on its identification in culture with or without
identification of hyphae/spores on microscopy; T. vaginalis was diagnosed based on its identification by Multiplex PCR or by identification of a motile parasite
on WMM; Vaginal atrophy was diagnosed based on typical appearance of vaginal mucosal thinning, erythema, dryness, pH measurement>5 and WMM
showing abundant parabasal cells; Aerobic vaginitis (DIV) was diagnosed based on combination of symptoms (at least one of the following: vaginal discharge,
dyspareunia, pruritus, burning, irritation), vaginal inflammation (spotted rash, erythema, erosion), vaginal pH >4.5 and WMM showing increased numbers of
parabasal and inflammatory cells (leukocyte to epithelial cell ratio greater than 1:1), PCR should be negative to T. vaginalis, N. gonorrhea and C. trachomatis, and
culture rules out group A streptococcus and candida; Cytolytic vaginosis was diagnosed based on WMM showing increased lactobacilli, broken epithelial cells

(cytolysis) with bare or naked nuclei, pH<3.8 and a negative yeast culture.

inputs (automated microscopy, automated pH, and patient’s
reported symptoms) can improve patient’s evaluation and
treatment, regardless of caregivers training and skills. This may
result in reducing empirical treatment, as well as resolving both
subjective intra and inter-observer variability between caregivers
who do perform microscopy.

One major limitation of this study is the relatively small sample
size, especially for the less prevalent disorders. Another limitation is
that the deep-learning software model that provides the computer-
vision classification was trained on images that were classified and
tagged by a single physician, whose diagnosis also acted as one of
the reference methods in this study. Better evaluation of true
performance for BV is constrained by the known limitations of the
Amsel criteria which demonstrated only 81.0% positive percent
agreement and 86.0% negative percent agreement compared with
positive (7-10) and negative (0-3) Nugent score?’.

Given the above-described limitations of the current point-of-care
diagnosis of vaginitis, the investigational test presents a potential for
a marked improvement in the first-line evaluation of vaginitis and
will hopefully guide a more appropriate treatment while decreasing
healthcare costs and improving patients’ quality of life.

METHODS

Outline

This prospective cross-sectional study evaluated women reporting
vaginal symptoms, seen at a single designated clinic for
vulvovaginal disorders at the Clalit Health Organization, Jerusalem,
Israel. All patients were examined, diagnosed, and treated by the
same provider (the first author, ALS). Inclusion criteria were (i)
women with vaginal complaints: discharge, malodor, itch, burning,
pain, or dryness, (ii) 18 years old and above. Exclusion criteria
included (i) patients unfit to provide informed consent, (i) an
uninterpretable sample (e.g., patients who used vaginal creams or
lubricants before the visit, recent or current bleeding, or
insufficient sampling material).
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During the gynecological exam, vaginal discharge samples were
taken for pH levels, wet-mount microscopy which was conducted
immediately in the clinic using Olympus CX31 microscope, vaginal
cultures (for bacteria and CHROMagar™ candida), and trichomonas
PCR, per standard of care in the clinic. An additional sample was
taken for the investigational test diagnosis using a swab with a
soft cytobrush head (Fig. 1), pulled through a dedicated cartridge,
and scanned in the GYNI™ investigational test table-top scanner in
the clinic.

Patients were diagnosed by the physician using wet-mount
microscopy and were treated according to her recommendation.
The investigational test diagnosis was stored in the cloud and
blinded to the physician to prevent bias. Each patient was
identified using a numerical code and an investigational test
number was generated by the application. Laboratory results
were recorded only by the patient’s code number, without any
identifying details such as name or personal identification
number. The comparators used as the gold standard for each of
the assessed conditions studied are shown in Table 3. Results of
the three methods, the physician’s wet-mount diagnosis, the
laboratory findings, and the investigational test, were summar-
ized and compared by the chief investigator (the last author,
ABQ).

The sample size for this study was calculated for estimating the
overall accuracy (the percent agreement on the diagonal between
the investigational test and the reference diagnosis) via the level
of precision required for the estimate. The level of precision is
measured by the half-width of the 95% confidence interval around
the proportion of interest. We calculated based on Hajian-Tilaki
K?® that an accuracy level of at least 90% with a confidence
interval half-width of 5% can be estimated with a minimum
sample size of 139 patients. Recruitment continued to a larger
sample size to obtain reasonable representation of each of the
included conditions.

The results of the investigational test were compared
individually to the CRS comparator of the specialist wet mount
results, the candida cultures, and the STI PCR panel for detection
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Fig. 4 The Gyni investigational test system components. Actual
hardware components of the disposable discharge collection tool
and the tabletop scanner.

of T. vaginalis. The CRS was defined as positive if there was a
positive result by either wet mount or culture/PCR. Samples
were classified as negative if all comparators were negative. The
comparison included the calculation of overall accuracy,
sensitivity, specificity, positive predictive value, and negative
predictive value according to standard equations. These
measures are presented with two-sided 95% Wilson score
confidence intervals. Cohen'’s kappa coefficient (k) is presented
as a measure of inter-test agreement, with 95% confidence
interval. All analyses were performed using Excel (Microsoft
Corp. Redmond, Wash.), and SPSS (IBM Corp. IBM SPSS Statistics
for Windows. Armonk, NY).

The investigational test

The GYNI™ system is aimed at providing non-expert health-care
providers with the means to obtain a wide diagnostic range,
with a fast and inexpensive analysis of various vulvovaginal
conditions from a single swab. This is done by fully automating
(a) consideration of patient’s reported symptoms (b) saline wet
mount microscopy (c) KOH microscopy, and (d) pH measure-
ment, similar to the evaluation performed in vaginitis-
specializing clinics?®. This point of care test does not replace
an adequate history taking or physical examination. It does offer
a rapid, readily available saline and 10% KOH automated
microscopy, which are critical diagnostic steps, without a need
for caregiver’s training or any previous skills. It also contains
software logic which excludes conditions based on pH or
patient’s reported symptoms, according to current related
clinical knowledge. The test uses machine learning computer
vision in the form of a deep convolutional neural network (CNN)
model that performs a multi-label classification of seven major
vaginitis conditions. The model was trained on 13,500 micro-
scopy images which were collected and classified by a specialist
in a dedicated clinical trial (ClinicalTrials.gov, NCT03585049).
Unlike described proofs of concept for applying deep neural
networks for the classification of smaller subsets of vaginitis
conditions in manually gram-stained and selected microscopy
images3%3!, this test does not use slide staining, therefore,
minimizing the required operator labor and shortening the time
until results are available.

The investigational test system is comprised of the following
components (Fig. 4):

A vaginal discharge collection tool. A disposable plastic assembly
with a swab/brush-head, connected to a plastic rod (1a), that is
used to collect the discharge sample from the vagina; (1b) a
“floating” transparent optical tray; (1¢) transparent cover and; (1d)
diluent containers.

Published in partnership with Seoul National University Bundang Hospital

A. Lev-Sagie et al.

npj

Detected condition Acquired image Heatmap image

Vaginal atrophy

Aecrobic vaginitis/DIV

Bacterial vaginosis

Candida albicans

Fig. 5 Heatmap examples. Examples for microscopy heatmap
images included with the investigational test results.

A compact tabletop scanner. The scanner (2) includes a high-
resolution color camera, illumination LEDs, magnifying lenses, and
linear motion systems, both vertical and horizontal. The operator
places the disposable cartridge in a cradle connected to the
horizontal motion system. During insertion of the tray into the
cradle, the cartridge’s internal diluents are automatically sprayed
on the optic tray and the tray is lifted to create optical coupling.
Upon activation, the cradle begins its linear motion between the
illumination sources and the camera, dozens of microscopic
pictures are acquired, and the pH level is determined by a color
change of pH indicator paper located in the cartridge. The
collected information is then transferred to the cloud.

Web-based user interface. A test operation website provides an
interactive mechanism for data entry and test control, available via
any web-connected device, such as a laptop or a smartphone.

Cloud software platform. Test processing includes a deep
learning convolutional network model for multi-label image
processing classification, analysis of pH paper images, and color
calibration images for pH calculation. The processing software also
cross matches the patient’s reported symptoms and pH level with
the results of the computer vision classification of the microscopy
images.

The results provided by the investigational test include (a)
suggested diagnoses—one or more detected conditions, (b) pH
level, and (c) a heatmap annotation of a selected input microscopy
image, obtained via guided-back propagation32. The heatmap
annotation is aimed to provide explainability®>*> by visualizing the
salient areas in the input image having the strongest effect on the
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model output. Examples of such heatmap results are shown in
Fig. 5. The test results are displayed online and are available to the
operator for download.

Reporting summary

Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

DATA AVAILABILITY

The datasets analyzed for the current study are available from the corresponding author
on reasonable request. This includes individual de-identified patient data such as patient
age, patient-reported symptoms, and lab test results as well as the physician diagnosis
and the compared suggested diagnosis by the investigational test.

Received: 21 November 2022; Accepted: 30 March 2023;
Published online: 13 April 2023

REFERENCES

1. Anderson, M. R, Klink, K. & Cohrssen, A. Evaluation of vaginal complaints. J. Am.
Med. Assoc. 291, 1368-1379 (2004).

2. Workowski, K. A. et al. Sexually Transmitted Infections Treatment Guidelines,
2021. MMWR Recomm. Rep. 70, 1-187 (2021).

3. Zhu, Y. X. et al. Health-related quality of life as measured with the Short-Form 36
(SF-36) questionnaire in patients with recurrent vulvovaginal candidiasis. Health
Qual. Life Outcomes 14, 65 (2016).

4. Bilardi, J. E. et al. The burden of bacterial vaginosis: Women's experience of the
physical, emotional, sexual and social impact of living with recurrent bacterial
vaginosis. PLoS One 8, e74378 (2013).

5. Qi, W. et al. Recent advances in presentation, diagnosis, and treatment for mixed
Vaginitis. https://doi.org/10.3389/fcimb.2021.759795.

6. ACOG Vaginitis in nonpregnant patients. Obstet. Gynecol. 135, e1-e17 (2020).

7. Vieira-Baptista, P. et al. The International Society for the Study of Vulvovaginal
Disease Vaginal Wet Mount Microscopy Guidelines: How to perform, applications,
and interpretation. J. Low Genit. Tract Dis. 25, 172-180 (2021).

8. Sherrard, J,, Wilson, J., Donders, G., Mendling, W. & Jensen, J. S. European (IUSTI/
WHO) International Union against sexually transmitted infections (IUSTI) World
Health Organisation (WHO) guideline on the management of vaginal discharge.
Int J. STD AIDS 29, 1258-1272 (2018). 2018.

9. Hillier, S. L. et al. Diagnosis and treatment of vaginal discharge syndromes in
community practice settings. Clin. Infect. Dis. 72, 1538-1543 (2021).

10. Wiesenfeld, H. C. & Macio, I. The infrequent use of office-based diagnostic tests
for vaginitis. Am. J. Obstet. Gynecol. 181, 39-41 (1999).

11. Benedict, K, Lyman, M. & Jackson, B. R. Possible misdiagnosis, inappropriate
empiric treatment, and opportunities for increased diagnostic testing for patients
with vulvovaginal candidiasis—United States, 2018. PLoS ONE 17 (2022).

12. Engberts, M. K. et al. Vulvovaginal candidiasis: Diagnostic and therapeutic approa-
ches used by Dutch general practitioners. Eur. J. Gen. Pract. 14, 30-33 (2008).

13. Schwiertz, A, Taras, D., Rusch, K. & Rusch, V. Throwing the dice for the diagnosis
of vaginal complaints? Ann. Clin. Microbiol. Antimicrob. 5, 4 (2006).

14. Landers, D. V. et al. Predictive value of the clinical diagnosis of lower genital tract
infection in women. Am. J. Obstet. Gynecol. 190, 1004-1008 (2004).

15. Vieira-Baptista, P. et al. Clinical validation of a new molecular test (Seegene
Allplex™ Vaginitis) for the diagnosis of vaginitis: a cross-sectional study. BJOG
128, 1344-1352 (2021).

16. Myziuk, L., Romanowski, B. & Johnson, S. C. BVBlue test for diagnosis of bacterial
vaginosis. J. Clin. Microbiol. 41, 1925-1928 (2003).

17. Huppert, J. S. et al. Use of an immunochromatographic assay for rapid detection
of Trichomonas vaginalis in vaginal specimens. J. Clin. Microbiol. 43, 684-687
(2005).

18. Sobel, J. D. Vulvovaginitis in healthy women. Compr. Ther. 25, 335-346 (1999).

19. Sobel, J. D. Syndromic treatment of women with vulvovaginal symptoms in the
United States: A call to action! Clin. Infect. Dis. 72, 1544-1545 (2021).

20. Sobel, J. D., Subramanian, C., Foxman, B., Fairfax, M. & Gygax, S. E. Mixed Vaginitis
—NMore than coinfection and with therapeutic implications. Curr. Infect. Dis. Rep.
15, 104-108 (2013).

21. Schwebke, J. R. et al. Diagnostic performance of a molecular test versus clinician
assessment of vaginitis. J. Clin. Microbiol. 56, (2018).

22. Belley-Montfort, L. et al. Sensitivity of the amsel’s criteria compared to the nugent
score in absence and in presence of trichomonas vaginalis (TV) and/or candida

npj Digital Medicine (2023) 66

SPP among women with symptomatic vaginitis/vaginosis. Sex. Transm. Infect. 91,
A97.2-A97 (2015).

23. Allen-Davis, J. Assessment of vulvovaginal complaints: accuracy of telephone
triage and in-office diagnosis. Obstet. Gynecol. 99, 18-22 (2002).

24. Nyirjesy, P., Banker, W. M. & Bonus, T. M. Physician awareness and adherence to
clinical practice guidelines in the diagnosis of Vaginitis patients: A retrospective
chart review. Popul. Health Manag. 23, S13-S21 (2020).

25. NAMS The 2020 genitourinary syndrome of menopause position statement of
The North American Menopause Society. Menopause 27, 976-992 (2020).

26. van der Pol, B, Daniel, G, Kodsi, S., Paradis, S. & Cooper, C. K. Molecular-based
testing for sexually transmitted infections using samples previously collected for
Vaginitis diagnosis. Clin. Infect. Dis 68, 375-381 (2019).

27. Gaydos, C. A. Clinical validation of a test for the diagnosis of Vaginitis. in Obstet.
Gynecol 130, 181-189 (2017).

28. Hajian-Tilaki, K. Sample size estimation in diagnostic test studies of biomedical
informatics. J. Biomed. Inf. 48, 193-204 (2014).

29. Chavoustie, S. E. et al. Experts explore the state of bacterial vaginosis and the unmet
needs facing women and providers. Int. J. Gynecol. Obstet. 137, 107-109 (2017).

30. Wang, Z. et al. Deep Neural networks offer morphologic classification and
diagnosis of bacterial vaginosis. J. Clin. Microbiol. 59, €02236-20 (2021).

31. Peng, S, Huang, H, Cheng, M, Yang, Y. & Li, F. Efficiently recognition of vaginal
micro-ecological environment based on Convolutional Neural Network. in 2020 IEEE
International Conference on E-health Networking, Application & Services (HEALTHCOM)
1-6 (IEEE, 2021). https://doi.org/10.1109/HEALTHCOM49281.2021.9399040.

32. Springenberg, J. T, Dosovitskiy, A., Brox, T. & Riedmiller, M. Striving for simplicity:
the all convolutional net. arXiv preprint arXiv:1412.6806 https://arxiv.org/abs/
1412.6806 (2014).

33. Reddy, S. Explainability and artificial intelligence in medicine. Lancet Digit Health
4, e214-e215 (2022).

34. Sobel, J. D. Desquamative inflammatory vaginitis: A new subgroup of purulent
vaginitis responsive to topical 2% clindamycin therapy. Am. J. Obstet. Gynecol.
171, 1215-1220 (1994).

35. Cibley, L. J. & Cibley, L. J. Cytolytic vaginosis. Am. J. Obstet. Gynecol. 165,
1245-1249 (1991).

AUTHOR CONTRIBUTIONS

ALS designed and performed the study, analyzed the data, and wrote the
manuscript. A.B.C. supervised the study and summarized laboratory results, D.S.
supervised laboratory testing. All authors discussed the results and implications and
commented on the manuscript at all stages.

COMPETING INTERESTS

Gyntools Ltd provided the Gyni scanner device and sample collectors, as well as
institutional ethics committee service and insurance fees. Gyntools provided the raw
data for the independent analysis by the study team, as well as the sample heatmap
and device images. ALS holds shares in GynTools Ltd as well as an unpaid advisory
role. The other Authors declare no Competing Financial or Non-financial Interests.

ETHICS

The study was conducted according to the guidelines of the Declaration of Helsinki
and was reviewed and approved by the Clalit Health Organization Ethics Committee
(Approved on Nov 26th, 2019, Approval# 0120-19-COM1, ClinicalTrials.gov
NCT04219605). Written informed consent was obtained from all subjects prior to
participating in the study.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41746-023-00815-w.

Correspondence and requests for materials should be addressed to Ahinoam Lev-Sagie.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Published in partnership with Seoul National University Bundang Hospital


https://doi.org/10.3389/fcimb.2021.759795
https://doi.org/10.1109/HEALTHCOM49281.2021.9399040
https://arxiv.org/abs/1412.6806
https://arxiv.org/abs/1412.6806
https://doi.org/10.1038/s41746-023-00815-w
http://www.nature.com/reprints
http://www.nature.com/reprints

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Published in partnership with Seoul National University Bundang Hospital

A. Lev-Sagie et al.

npj

npj Digital Medicine (2023) 66


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Diagnostic performance of an automated microscopy and pH test for diagnosis of vaginitis
	Introduction
	Results
	Performance of the investigational test
	Performance of the specialist
	Condition distribution
	Coinfections
	Symptoms distribution

	Discussion
	Methods
	Outline
	The investigational test
	A vaginal discharge collection tool
	A compact tabletop scanner
	Web-based user interface
	Cloud software platform

	Reporting summary

	DATA AVAILABILITY
	References
	Author contributions
	Competing interests
	Ethics
	ADDITIONAL INFORMATION




