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Abstract

Background: Fecal examinations in pet cats and dogs are key components of routine veterinary practice; however,
their accuracy is influenced by diagnostic methodologies and the experience level of personnel performing the

tests. The VETSCAN IMAGYST system was developed to provide simpler and easier fecal examinations which are less
influenced by examiners'skills. This system consists of three components: a sample preparation device, an automated
microscope scanner, and analysis software. The objectives of this study were to qualitatively evaluate the performance
of the VETSCAN IMAGYST system on feline parasites (Ancylostoma and Toxocara cati) and protozoan parasites (Cys-
toisospora and Giardia) and to assess and compare the performance of the VETSCAN IMAGYST centrifugal flotation
method to reference centrifugal and passive flotation methods.

Methods: To evaluate the diagnostic performance of the scanning and algorithmic components of the VETSCAN
IMAGYST system, fecal slides were prepared by the VETSCAN IMAGYST centrifugal flotation technique with pre-
screened fecal samples collected from dogs and cats and examined by both an algorithm and parasitologists. To
assess the performance of the VETSCAN IMAGYST centrifugal flotation technique, diagnostic sensitivity and specificity
were calculated and compared to those of conventional flotation techniques.

Results: The performance of the VETSCAN IMAGYST algorithm closely correlated with evaluations by parasitologists,
with sensitivity of 75.8-100% and specificity of 93.1-100% across the targeted parasites. For samples with 50 eggs or
less per slide, Lin's concordance correlation coefficients ranged from 0.70 to 0.95 across the targeted parasites. The
results of the VETSCAN IMAGYST centrifugal flotation method correlated well with those of the conventional cen-
trifugal flotation method across the targeted parasites: sensitivity of 65.7-100% and specificity of 97.6—100%. Similar
results were observed for the conventional passive flotation method compared to the conventional centrifugal flota-
tion method: sensitivity of 56.4-91.7% and specificity of 99.4-100%.

Conclusions: The VETSCAN IMAGYST scanning and algorithmic systems with the VETSCAN IMAGYST fecal prepara-
tion technique demonstrated a similar qualitative performance to the parasitologists’examinations with conven-
tional fecal flotation techniques. Given the deep learning nature of the VETSCAN IMAGYST system, its performance is
expected to improve over time, enabling it to be utilized in veterinary clinics to perform fecal examinations accurately

and efficiently.
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Background

Domestic cat ownership in the USA has been increas-
ing at the same time as an overall rise in pet ownership.
In 2017-2018, up to 47.1 million households in the USA
owned at least one cat, with 76% of owners consider-
ing their cats to be “family members” [1]. However, cats
are generally less medicalized or served by veterinarians
compared to dogs [2], even though studies have reported
that gastrointestinal parasitism in cats is common [3-8].
A recent retrospective study demonstrated a significant
increase in the prevalence of intestinal parasitic infec-
tions in client-owned cats during a 12-year period (19.0%
in 2007 vs. 32.5% in 2018; P < 0.0001) [7]. The majority
of people acquire cats from shelters or as rescues and
through adoption of strays [1], although these cat popu-
lations harbor a high prevalence of parasitic infections,
ranging between 31.8 and 67.2% [3-5, 7, 8]. The most
prevalent nematodes identified in cats are Ancylostoma
and Toxocara cati [3—9]. The main species of feline Ancy-
lostoma found in North America are Ancylostoma tubae-
forme and Ancylostoma braziliense [10]. Since feline
Ancylostoma and T. cati are zoonotic parasites [11-18],
it is important to conduct routine fecal examinations of
cats, and treat them as necessary to maintain their well-
ness and that of their owners.

The most commonly detected protozoan parasites in
domestic cats and dogs in North America are Cystoisos-
pora (formally Isospora) and Giardia [3, 5-8, 19-25].
Studies evaluating feline fecal samples have reported
the prevalence of Cystoisospora and Giardia to range
between 3.8-26.0% and 1.2-9.9%, respectively, with the
highest prevalence in shelter cats [3, 5-8, 19, 20, 24, 25].
The prevalence of Cystoisospora and Giardia in dogs has
been reported to range between 0.5-10.4% and 3.3-13%,
respectively [8, 19, 21-24, 26—31]. Cystoisospora oocysts
and Giardia cysts/trophozoites are small in size and can
be challenging to detect by microscopy, especially when
fecal samples contain a low number of oocysts, cysts,
or trophozoites. In addition, intermittent shedding of
Giardia cysts/trophozoites makes it more difficult to
diagnose giardiasis [10, 32-35].

Fecal examinations in dogs and cats to detect evidence
of gastrointestinal parasitism are widely recognized as
an important component of routine veterinary care,
both for maintaining pet health and for identifying para-
sites of zoonotic significance [36]. However, the accu-
racy and usefulness of fecal testing can be influenced by
many factors, such as differences in methodology and the

experience level of personnel conducting the tests [36—
38]. Of note, Giardia has been identified as a particularly
difficult parasite to diagnose by coprology in veterinary
practice [36]. Computer-based algorithms to identify
parasites in fecal examinations have recently been devel-
oped and introduced with the aim of improving the accu-
racy and consistency of diagnosing parasitic diseases in
dogs and cats [39-42].

The novel VETSCAN IMAGYST system evaluates fecal
samples for evidence of parasitic infections in an organ-
ized and uncomplicated fashion that does not depend
greatly on an examiner’s level of experience. This system
was able to reliably detect four targeted parasites (genera
Ancylostoma, Toxocara, Trichuris, and family Taeniidae)
in fecal samples of 84 dogs and 16 cats, and the results
closely correlated with those reported by a parasitologist
following fecal examination of the animals (Pearson cor-
relation coefficients 0.83-0.99 across the four targeted
parasites) [40]. The VETSCAN IMAGYST system con-
sists of three main components: a sample preparation
device, an automated commercially available microscope
scanner, and a data analysis process using deep neu-
ral networks (Fig. 1). The VETSCAN IMAGYST system
applies a deep learning object detection algorithm which
uses a convolutional neural network to identify convolu-
tional layers that automatically learn the most discrimi-
nating features between classes (Fig. 2). The algorithm
assigns a probability score to each image recognized
within each sample preparation as being that of an egg
belonging to a parasite genus/group that the software
has been previously trained/calibrated to recognize. A
mature algorithm model, which can perceive and dis-
tinguish the morphology of individual parasite eggs and
non-parasite objects on fecal flotation slides, is devel-
oped through a training process that utilizes samples
characterized by an expert. Once the model is sufficiently
mature, it is tested against several evaluation datasets to
ensure that the final most promising model will be gener-
alizable to other similar domains.

The present study is an extension of a previously pub-
lished VETSCAN IMAGYST study [40], with two addi-
tional main objectives. First, to qualitatively evaluate the
diagnostic performance of the VETSCAN IMAGYST
system to recover and correctly identify feline Ancylos-
toma eggs, Toxocara cati eggs, Cystoisospora oocysts,
and Giardia cysts in feces of naturally infected cats and
dogs, compared to manual identification by experts with
conventional sample preparation methods. Second, to
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analysis and reporting

Fig. 1 The VETSCAN IMAGYST system consists of three main components: a sample preparation device, a digital microscope scanner, and data

compare the diagnostic performance of the VETSCAN
IMAGYST centrifugal preparation method to those of
standard centrifugal and passive flotation methods for
the four targeted parasites: feline Ancylostoma, Toxocara
cati, Cystoisospora, and Giardia.

Methods

Fecal sample collections

Fecal samples from client-owned and shelter cats and
dogs submitted to the Oklahoma Animal Disease Diag-
nostic Laboratory of Oklahoma State University were
processed for egg, oocyst, and cyst recovery using a
Wisconsin fecal egg counting method, as previously
described [10, 40]. A total of 100 fecal samples were col-
lected weighing a minimum of 8 g and confirmed posi-
tive for at least one of the targeted parasites: (1) feline
Ancylostoma, (2) Toxocara cati, (3) feline Cystoisospora,
and (4) canine and feline Giardia; as well as 10 feline
samples negative for any targeted parasites. Samples were
included as positives or negatives for the relevant analy-
ses; samples containing multiple targeted parasites were
counted as a positive for more than one analysis, and
some samples were counted as a negative for more than
one analysis. For the Cystoisospora analysis, 100 addi-
tional fecal samples from a second collection separated
from the first by several months, with the same sam-
ple acquisition criteria including canine samples, were
included. Table 1 summarizes the number of screened
positive and negative samples assessed for each evalu-
ation. Different reference methods were used for the

VETSCAN IMAGYST algorithm and sample prepara-
tion assessments; therefore, the total number of positives
and negatives varies between evaluations. To maintain
morphological integrity of the diagnostic forms of para-
site elements, all samples were preserved at 4 °C until the
study. For 38 samples, a low level of formalin solution
was added as a fixative to ensure integrity of the parasite
elements.

VETSCAN IMAGYST scanner and algorithm

The VETSCAN IMAGYST system has previously been
described [39]. Briefly, slides with fecal samples were
read by the Motic EasyScan One digital slide scan-
ner (Motic, Kowloon Bay, Hong Kong), which provided
40x effective resolution. The scanned images were then
automatically uploaded and analyzed in the cloud with
an updated deep learning objective detection algorithm,
version 3033, which was developed based on the You
only look once (YOLOv3) model [43] using the adaptive
moment estimation (Adam; an algorithm for first-order
gradient-based optimization of stochastic objective func-
tions) optimizer [44] (Techcyte, Lindon, UT). Version
3033 was selected after several trainings of eight epochs
with approximately 2,000-5,500 images that were previ-
ously captured by the VETSCAN IMAGYST system and
reserved to improve the algorithm performance. Twice
during each epoch, a 416 x 416-pixel area was randomly
translated around every label to be used for further train-
ings. After localization and classification of the objects
of interest, the resulting images were then available for
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Diagram of Convolution Neural Network, showing how the digital slide image is converted to
features, which are used for object detection.

a.
b.
f.
a. Prepared b. Whole scanned || c. A convolutional d. Features from e. Features are f. Only box proposals
slide and image is divided block, where pixels the last converted to a above a confidence
coverslip is into scenes of the image are convolutional classification box threshold are reported
scanned converted to features; block are used for with a confidence

this is repeated, and classification and score
subsequent blocks are || object detection.
broken into more
abstract features

Fig. 2 Diagram of the VETSCAN IMAGYST algorithm’s convolution neural network and object detection process

Table 1 Summary of fecal samples included in this study by targeted parasites based upon initial characterization

Targeted parasite Samples (n) Flotation solution utilized for Sample sizes
sample preparation
Positive Negative Total Mixed
infections?
Ancylostoma Feline (80) Sugar 20 60 80 21
Toxocara cati Feline (80) Sugar 34 46 80 21
Cystoisospora Feline (96) Sugar 36 164 200 72
Canine (104)
Giardia Feline (80) Zinc sulfate/sugar® 39 61 100 28

Canine (20)

? Mixed infections are samples that were positive for more than 1 targeted parasite

b Zinc sulfate

solution was used for Giardia samples; sugar solution was used for the rest of the samples
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viewing on the VETSCAN IMAGYST platform, and a
downloadable portable document format report was
generated (Fig. 1). The VETSCAN IMAGYST analysis
software also has the quantitative ability to count the par-
asites of interest. In the present study, this quantitative
capability was partly evaluated in the samples with < 50
parasite elements/g of feces, as our main objective was to
qualitatively evaluate the diagnostic performance of the
VETSCAN IMAGYST system recovering and correctly
identifying targeted parasites.

Assessment of VETSCAN IMAGYST algorithm performance

To qualitatively evaluate the ability of the scanning and
algorithmic components of the VETSCAN IMAGYST
system to identify diagnostic forms of the targeted
parasites, slides were prepared with the VETSCAN
IMAGYST centrifugal flotation technique for each pre-
screened fecal sample, as described previously by Naga-
mori et al. [40]. Briefly, pre-screened fecal samples were
examined randomly. The VETSCAN IMAGYST fecal
preparation device, which was specifically redesigned
and produced from Apacor mini Parasep SF (Apacor,
Wokingham, UK), was utilized to perform the VETS-
CAN IMAGYST centrifugal method. The VETSCAN
IMAGYST fecal preparation device consists of two tubes:
the sample tube with a sample scoop, which can hold
approximately 1 g of feces; and the collection tube con-
taining two types of flotation solution, zinc sulfate solu-
tion (specific gravity, 1.18) for Giardia samples and sugar
solution (specific gravity, 1.25) for the rest of the samples,
including Ancylostoma, Toxocara, Cystoisospora, and
negatives. Sugar solution was selected for the current
analysis as it is more effective than some of the salt solu-
tions used to float dense parasite eggs, is inexpensive, and
allows easier maintenance of fecal slides since it does not
crystalize quickly [10]. The sample tube and collection
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tube were firmly screwed together, shaken and centri-
fuged for 2 min at 300-500 relative centrifugal force (rcf).
Following centrifugation, the sample tube was unscrewed
from the collection tube. The transfer loop was used to
collect diagnostic forms of parasites from the top of the
flotation solution and transfer them to a microscope slide
(Fig. 3). The coverslip marked with the IMAGYST label
was placed such that the IMAGYST label could be read
correctly, ensuring that the marked coverslip was accu-
rately placed on the slide. The slide was placed in a slide
tray, which was then inserted into an automated micro-
scope scanner, and the resulting digitally scanned image
uploaded to a cloud-based server for analysis and result
generation.

The VETSCAN IMAGYST fecal preparation was per-
formed by two technicians. After the slides were analyzed
by the VETSCAN IMAGYST system, two parasitolo-
gists and one technician, all well experienced in diag-
nostic parasitology, evaluated each slide microscopically
at 100x, 200x, and 400x magnification. Identification
of the parasites was based on the morphology of eggs,
oocysts, and cysts [10]. During the manual examina-
tions by the parasitologists and technician, counts of the
entire slide were performed when up to 50 eggs, oocysts,
or cysts per each targeted parasite were present. The
numbers were estimated where burdens were high (> 50)
and, for eggs, were recorded as “medium” for slides with
51-250 eggs per gram (EPG), and “high” for slides with
> 250 EPG. The VETSCAN IMAGYST algorithm, on the
other hand, provided counts regardless of egg burden.
Results from the VETSCAN IMAGYST algorithm and
microscopic examinations by experts were compared and
statistically analyzed. For Giardia fecal samples, an addi-
tional analysis of the subset of samples with > 10 cysts
per gram (CPG) was conducted.

Stir Stick

Glass Slide

ParaPro Sample

Tube + Scoop

Transfer Loop  Coverslip

* posover o

Fig. 3 VETSCAN IMAGYST sample preparation materials
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Assessment of sample preparation methods

Performance (sensitivity and specificity) of the VETS-
CAN IMAGYST centrifugal technique was assessed by
comparing it to conventional centrifugal flotation and
passive flotation methods using visual microscopy. For
each fecal sample, slides were prepared by 3 different
sample preparation techniques: VETSCAN IMAGYST
centrifugal flotation, conventional centrifugal flotation,
and conventional passive flotation using the OVAS-
SAY Plus Kit Fecal Flotation Device (Zoetis, Parsippany
Troy Hills, NJ). Two technicians prepared the slides for
the VETSCAN IMAGYST centrifugal flotation tech-
nique as described above. The process for the reference
centrifugal flotation technique has previously been
described [40]. Briefly, 33% zinc sulfate solution (spe-
cific gravity, 1.18) for Giardia samples and Sheather’s
sugar solution (specific gravity, 1.25) for the rest of the
samples were used to suspend 1 g of feces, which was
then strained and placed in a 15-ml centrifuge tube.
Flotation solution was added to the tube until a con-
vex meniscus was formed, then a coverslip was added,
and the samples centrifuged in a Centra CL2 centrifuge
(Thermo Fisher Scientific, Waltham, MA) at approxi-
mately 440 rcf for 5 min. After removing the coverslip
and placing it on a glass slide, a microscopic examina-
tion was performed [10]. The OVASSAY Plus Kit Fecal
Flotation Device with 33% zinc sulfate solution (spe-
cific gravity, 1.18) was used to perform the passive fecal
flotation test, following the manufacturer’s instructions
[45]. Several student workers prepared the fecal slides
with conventional centrifugal and passive fecal flotation
methods, and all the slides were microscopically exam-
ined by three experts as described above. The duration
of the microscopic examinations by the experts was not
restricted or recorded. The diagnostic performance of
the VETSCAN IMAGYST centrifugal flotation method
was compared with both reference methods, conven-
tional centrifugal and OVASSAY passive flotation.

Page 6 of 12

Statistical analysis

Samples for which any parasite elements were observed,
or for which in a separate analysis > 10 CPG for Giardia
were recorded, were considered positive. Two by two
tables were constructed, and sensitivity and specific-
ity calculated with 95% Jeftreys confidence interval esti-
mates. Lin’s concordance correlation coefficients (pc)
were calculated when < 50 eggs, oocysts or cysts per
slide were counted microscopically by the three experts.
When > 50 eggs/oocysts/cysts were estimated per slide,
the data were not included in the correlation analysis.
SAS version 9.4M6 (SAS Institute, Cary, NC) was used
for the statistical analysis.

Results

Algorithm performance

Comparisons between the results generated by the
VETSCAN IMAGYST system and those recorded by
the experts were made to assess the performance of
the VETSCAN IMAGYST scanner and algorithm in
the identification of eggs, oocysts, and cysts of targeted
parasites (Table 2 and Fig. 4). The diagnostic sensitiv-
ity and specificity of the VETSCAN IMAGYST system
in comparison to the expert assessments ranged from
75.8-100% and 93.1-100%, respectively, for the four
targeted parasites. Twelve of 33 (36%) Giardia samples
contained a very low number of cysts, i.e. < 10 CPG. The
diagnostic sensitivity for Giardia dramatically increased
to 95.2% (95% confidence interval: 79.8—-99.5%) after the
Giardia samples with < 10 CPG were excluded from the
analysis. Quantitative comparisons for samples with < 50
EPG, OPG, or CPG were performed, and the VETSCAN
IMAGYST diagnostic results closely matched those of
the experts for each targeted parasite (pc of 0.95 for feline
Ancylostoma, 0.89 for Toxocara cati, 0.80 for Cystoisos-
pora, and 0.70 for Giardia).

Table 2 Algorithm performance analysis: diagnostic sensitivity and specificity comparing the results reported by an expert (reference)
versus by the VETSCAN IMAGYST scanner and algorithm for samples prepared with the VETSCAN IMAGYST centrifugal flotation

method
Feline Ancylostoma Toxocara cati Cystoisospora Giardia
True positive 19 32 26 25
False positive 1 0 12 2
True negative 60 46 161 65
False negative 0 2 1 8
Total 80 80 200 100
Sensitivity (95% confidence interval) 100 (87.8-100) 94.1 (82.4-98.8) 96.3 (84.0-99.6) 75.8 (59.4-87.8)°
Specificity (95% confidence interval) 98.4 (92.6-99.8) 100 (94.7-100) 93.1 (88.6-96.2) 97.0 (90.8-99.4)

2 Thirty-six percent (12/33) of Giardia samples contained < 10 cysts per gram (CPG); diagnostic sensitivity of Giardia samples with > 10 CPG increased to 95.2% (95%

confidence interval: 79.8-99.5%)
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Fig.4 Algorithm performance analysis: quantitative visualization of
egg identification [eggs per gram (EPG)] by an expert parasitologist
(x-axis) and the VETSCAN IMAGYST scanner/algorithm (y-axis) for
the samples with < 50 EPG prepared by the VETSCAN IMAGYST
centrifugal flotation method

Sample preparation performance

When the performance of the VETSCAN IMAGYST
centrifugal flotation (test method) and the conventional
centrifugal flotation (reference method) were compared,
the diagnostic sensitivity and specificity of the VETS-
CAN IMAGYST ranged from 65.7-100% and 97.6—
100%, respectively, across the four targeted parasites
(Table 3). When the sample preparation performance of
the OVASSAY passive flotation method was compared
to the conventional centrifugation flotation method, the
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diagnostic sensitivity and specificity of the former ranged
from 56.4—91.7% and 99.4—100%, respectively (Table 3).

Discussion

This is the second study demonstrating that the VETS-
CAN IMAGYST system integrated with a deep learning
object detection algorithm can successfully recognize
and identify diagnostic forms of gastrointestinal para-
sites in dogs and cats on fecal flotation slides scanned
by an automated microscope. Whereas our previous
study evaluated the VETSCAN IMAGYST system for the
detection of eggs of Ancylostoma, Toxocara, Trichuris,
and Taeniidae in 84 canine and 16 feline fecal samples
[40], this study assessed the ability of the system to detect
eggs of the feline nematodes Ancylostoma and Toxocara
cati, and oocysts of the protozoan parasite Cystoisos-
pora and cysts of the protozoan parasite Giardia, in 104
canine and 96 feline fecal samples, making it a more com-
prehensive analysis of this novel system.

Although both domestic dogs (Canis lupus familiaris)
and cats (Felis catus) belong to the order Carnivora, dogs
are classified into the superfamily Canoidea and cats are
classified into the superfamily Feloidea [46, 47]. Diets of
canids can vary from herbivorous to omnivorous; how-
ever, all felids require a strictly carnivorous diet [47]. A
high-protein diet of animal origin is essential for domes-
tic cats to obtain some of their nutritional requirements,
such as taurine, as well as arachidonic acid and vitamin
A [47]. Due to their diet, fecal samples of cats commonly
contain a large amount of fat and are soft, sticky and clay-
like in consistency, which often makes it more difficult,
or sometimes impossible, to read fecal slides since more

Table 3 Sample preparation analysis: diagnostic sensitivity and specificity comparing the VETSCAN IMAGYST centrifugal flotation (V/S-
Ic) and OVASSAY passive flotation (O-pf) methods versus a conventional centrifugal flotation method (reference); all slides were read by

an expert
Feline Ancylostoma Toxocara cati Cystoisospora® Giardia
n=280 n =280 n =200 n=100
VS-Ic O-pf VS-Ic O-pf VS-Ic O-pf VS-Ic O-pf
True positive 19 17 34 33 23 22 32 22
False positive 0 0 0 0 4 1 1 0
True negative 61 61 44 44 161 164 60 61
False negative 0 2 2 3 12 13 7 17
Sensitivity 100 (87.8-100) 89.5 (70.3— 94.4 (83.4- 91.7 (79.4- 65.7 (49.2—- 62.9 (46.3— 82.1 (68.0- 564 (40.9-71.1)
(95% con- 97.7) 98.8) 97.6) 79.7) 77.3) 91.6)
fidence
interval)
Specificity 100 (96.0-100) 100 (96.0-100) 100 (94.5-100) 100 (94.5-100) 97.6 (94.3— 994 (97.2- 984 (92.6— 100 (96.0-100)
(95% con- 99.2) 99.9) 99.8)
fidence
interval)

@ Cystoisospora results are a combination of 2 independent studies with the same sample acquisition criteria. Cystoisospora species included Cystoisospora canis,

Cystoisospora ohioiensis, Cystoisospora felis and Cystoisospora rivolta
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debris floats with fats, especially when a viscous sugar
solution is used in a centrifugal flotation technique. Mod-
ification of fecal flotation procedures, involving an initial
water wash where the supernatant is discarded after the
initial spin and the sediment resuspended with a flotation
solution to remove excess fat, mucus, and debris (double
centrifugal fecal flotation technique), can be used [10]. In
the present study, the VETSCAN IMAGYST centrifugal
flotation method recovered parasite elements from feline
feces, and the VETSCAN IMAGYST scanner and algo-
rithm successfully captured and identified targeted para-
sites (Fig. 5).

To our knowledge, this is the first report demonstrat-
ing the ability of the VETSCAN IMAGYST system to
recover and accurately detect protozoan parasites, i.e.
Cystoisospora oocysts and Giardia cysts. Although coc-
cidiosis is generally considered a self-limiting infection in
mature dogs and cats due to their rapid development of
immunity [18], Cystoisospora is an ubiquitous and impor-
tant pathogen in puppies and kittens, with infection often
resulting in diarrhea, abdominal pain, anorexia, bloody
diarrhea, anemia, and even mortality in severe cases
[10, 17, 48]. Since Cystoisospora undergo fast replication
in the pathogenic intestinal stage and a high number of
oocysts are excreted in host feces, causing environmen-
tal contamination, it is considered critical and thus highly
recommended to conduct a fecal examination with cen-
trifugation for puppies and kittens at least four times
during the first year of life for treatment of Cystoisospora
at an early stage of infection [48, 49]. Different species
of Cystoisospora are commonly diagnosed in dogs and
cats: Cystoisospora canis and Cystoisospora ohioensis in
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dogs, and Cystoisospora felis and Cystoisospora rivolta in
cats. Oocysts of C. canis and C. felis are slightly bigger, at
approximately 38-51 x 27-39 pm in size, than those of C.
ohioensis and C. rivolta, which are approximately 17-27
x 15-24 pum in size [10]. Due to the smaller size of coc-
cidian oocysts compared to helminth eggs, Cystoisospora
can be easily overlooked, especially when the number of
oocysts on a fecal slide is low and an inaccurate micro-
scopic focus is used for examination. The VETSCAN
IMAGYST system correctly identified oocysts of all four
Cystoisospora species in canine and feline fecal samples
and successfully reported them as Cystoisospora (coc-
cidia) (Fig. 5).

The diagnostic sensitivity and specificity of the VETS-
CAN IMAGYST scanner and algorithm for the Giardia
samples compared with the results reported by the
experts were 75.8 and 97.0%, respectively (Table 2). As
previously discussed, a common challenge for many
object detection algorithm models is to precisely localize
and distinguish small objects such as Giardia cysts [40].
The nature of a deep learning algorithm, however, means
that its performance continues to improve with further
training. It is important to note that the diagnostic sen-
sitivity was dramatically increased to 95.2% by removing
the 12 Giardia samples that had < 10 CPG from the anal-
ysis; detecting such a low number of cysts is extremely
demanding when slides are examined by visual micros-
copy. Additionally, the examination and counts of CPG
on these Giardia slides were carefully performed by a
well-trained diagnostic parasitologist with no time limit,
which most likely resulted in a much higher diagnostic
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performance compared to that usually achieved by tech-
nicians in daily veterinary practice.

The detection of Giardia cysts and triphozoites by
microscopic examination is generally considered the
most sensitive technique for the diagnosis of giardiasis,
and therefore, a great deal of training and experience is
required for the confident diagnosis of this disease [10].
It is challenging to identify Giardia infection by fecal
examination because, in addition to their small size and
transparency, Giardia cysts and trophozoites are inter-
mittently shed in feces, and multiple fecal examinations
may be necessary to rule out infection. Fresh fecal sam-
ples, obtained preferably within 30 min of defecation, are
often required to detect motile trophozoites; however,
Giardia cysts and trophozoites are fairly fragile and their
shape easily distorted in flotation solution [10]. A 33%
zinc sulfate solution (specific gravity, 1.18) is preferred
and recommended for the detection of Giardia cysts, as
other flotation solutions can rapidly cause osmotic dam-
age to them, which increases the difficulty of perceiving
them on fecal slides [10, 34, 50, 51]. During the present
study, the VETSCAN IMAGYST system effectively rec-
ognized and identified both intact and collapsed Giardia
cysts (Fig. 5). Testing for Giardia is recommended not
only in symptomatic dogs and cats, but also in dogs and
cats newly introduced to homes which have other pets
that are free of infection, as many Giardia infections
can be asymptomatic [10, 32, 48]. Since there is no per-
fect flotation solution for the recovery of all the differ-
ent types of parasites [10], it is important to consider the
advantages and disadvantages of each individual solution
when selecting one for general use. Some experts recom-
mend performing two centrifugal flotation tests by using
both Sheather’s sugar and 33% zinc sulfate solutions to
achieve a broader range of gastrointestinal parasite detec-
tions. In cases where Giardia is suspected, analysis using
the sugar flotation solution should also be performed on
fecal samples to check for other parasites.

The detection of Giardia is also possible with Giardia-
specific coproantigen detection assays [35, 48]. However,
when not used in conjunction with a traditional micro-
scopic technique, antigen testing may provide a false pos-
itive result in an animal that is no longer infected with
Giardia due to persistent antigen excretion for several
weeks or even months after parasite elimination [52, 53].
Given the shortcomings of current in-house diagnostic
methods for Giardia, utilizing a deep learning algorithm
platform, such as the VETSCAN IMAGYST system,
could provide clinicians with an excellent additional or
alternative diagnostic tool to help identify Giardia cases
that would otherwise be missed.

Evaluation of the performance of the VETSCAN
IMAGYST centrifugal flotation sample preparation
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method was limited in this study due to the modest num-
bers of true positives for the four targeted parasites and
the inherent subsampling variability in non-homogenous
fecal samples, which has been well documented in previ-
ous publications [54]. Kochanowski et al. [54] observed
a wide range of coefficients of variation, between 31 and
254%, for Toxocara and Trichuris samples with a low
number of egg counts, i.e. < 50 EPG. Despite these limi-
tations, the performance of the VETSCAN IMAGYST
centrifugal flotation method in the present study was
comparable to a conventional centrifugal flotation
method, with diagnostic sensitivity and specificity of the
comparisons ranging from 65.7 to 100% and 97.6—100%,
respectively, across the four targeted parasites (Table 3).
Additionally, one potential modification considered for
the VETSCAN IMAGYST centrifugal flotation method
to increase its diagnostic sensitivity is to lengthen the
duration of centrifugation. Previous studies reported that
egg recoveries with centrifugation at 264 x g were sig-
nificantly improved when the duration of centrifugation
was increased from 1 and 3 min to 4 or 5 min at the same
speed, although no change was observed in egg recovery
when the time of centrifugation was extended to 10 or 20
min [37, 55].

As shown in Table 3, the diagnostic sensitivity and
specificity of the VETSCAN IMAGYST centrifugal tech-
nique slightly surpassed those of the OVASSAY passive
flotation method. Despite the fact that centrifugation
significantly increases the sensitivity of fecal examina-
tions, passive flotation continues to be the most com-
monly used technique in veterinary private practice
due to its convenience [10, 19, 36, 51, 56-58]. Given
that the VETSCAN IMAGYST system reliably recovers
and detects parasite elements in fecal samples, does not
largely depend on the experience level of examiners, and
has previously been shown to provide results in around
10 min with the VETSCAN IMAGYST centrifugal flota-
tion method [40], it has the potential to replace the con-
ventional passive flotation method used in veterinary
practice.

The most distinctive and unique feature of the VETS-
CAN IMAGYST system is its deep learning object
detection algorithm. To the best of our knowledge, the
VETSCAN IMAGYST system is the only automated
diagnostic system that is integrated with a deep learn-
ing object detection algorithm and applied to veterinary
medicine. Compared to shallow learning systems, which
do not have any structural information on the function to
be learned, deep learning algorithms exploit the advan-
tage of locality at each level of the layered hierarchy,
enabling the system to ignore the aspects that make com-
puter vision brittle [59, 60]. The layered hierarchy also
facilitates the system to continuously adapt to new data
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and apply these to new output classes with fewer exam-
ples [60, 61]. The deep learning characteristic, along with
the YOLOV3 object detection model [43], which incor-
porates localization and classification features, results
in a decrease of background errors and high agreement
between the VETSCAN IMAGYST system and expert
examinations. Another benefit of this system is its abil-
ity to store images and reports on a secure, cloud-based
server system, allowing easy sharing of information by
parasitologists as well as members of the veterinary and
academic communities for patient care, research, and
teaching.

The present study did not evaluate the usability of the
VETSCAN IMAGYST system; however, our previous
analysis showed that the VETSCAN IMAGYST system
with the VETSCAN IMAGYST centrifugal flotation
method could produce results in around 10 min, which
is comparable to conventional fecal flotation tests. This
time frame included the time to prepare the sample, i.e.
approximately 3.5 min including the 2-min centrifugal
incubation time, and the time to scan the images, i.e.
approximately 6—7 min [40]. Data from the present study
add to the body of evidence demonstrating the perfor-
mance of the VETSCAN IMAGYST system in detecting
intestinal parasite elements recovered from fecal sam-
ples. In addition to identifying the protozoan parasites
Cystoisospora and Giardia, results from our present and
previous studies show the system’s reliable performance
in detecting four different genera/group of gastrointes-
tinal parasites (Ancylostoma, Toxocara, Trichuris, Tae-
niidae) in dogs and cats [40]. With further training, the
VETSCAN IMAGYST system will gain the ability to
identify other parasites. The quantitative capability of the
VESTSCAN IMAGYST system is currently under devel-
opment. It is predicted that the algorithm will be able to
perform a fecal egg counting test in the future.

Conclusions

The VETSCAN IMAGYST system effectively recovered
and identified feline Ancylostoma eggs, Toxocara cati
eggs, Cystoisospora oocysts, and Giardia cysts in feline
and canine fecal samples. Given the deep learning nature
of the VETSCAN IMAGYST system, its performance is
expected to improve over time, enabling it to be utilized
in veterinary clinics to perform fecal examinations both
accurately and efficiently.
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