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Abstract

Background Intestinal parasitic infections can harm health by causing malnutrition, anemia, impaired growth
and cognitive development, and alterations in microbiota composition and immune responses. Therefore, it is cru-
cial to examine stool samples to diagnose parasitic infections. However, the traditional microscopic detection
method is time-consuming, labor-intensive, and dependent on the expertise and training of microscopists. Hence,
there is a need for a low-complexity, high-throughput, and cost-effective alternative to labor-intensive microscopic
examinations.

Methods This study aimed to compare the performance of a fully automatic digital feces analyzer, Orienter Model
FA280 (People’s Republic of China) with that of the formalin-ethyl acetate concentration technique (FECT). We
assessed and compared the agreement between the FA280 and the FECT for parasite detection and species iden-
tification in stool samples. The first part of the study analyzed 200 fresh stool samples for parasite detection using
the FECT and FA280. With the FA280, the automatic feces analyzer performed the testing, and the digital micro-
scope images were uploaded and automatically evaluated using an artificial intelligence (Al) program. Additionally,
a skilled medical technologist conducted a user audit of the FA280 findings. The second set of samples comprised
800 preserved stool samples (preserved in 10% formalin). These samples were examined for parasites using the FECT
and FA280 with a user audit.

Results For the first set of stool samples, there was no statistically significant difference in the pairwise agreements
between the FECT and the FA280 with a user audit (exact binomial test, P=1). However, there were statistically
significant differences between the pairwise agreements for the FECT and the FA280 with the Al report (McNe-
mar’s test, P<0.001). The agreement for the species identification of parasites between the FA280 with Al report
and FECT showed fair agreement (overall agreement=75.5%, kappa [K] =0.367, 95% Cl 0.248-0.486). On the other
hand, the user audit for the FA280 and FECT showed perfect agreement (overall agreement=100%, k= 1.00, 95%

Cl 1.00-1.00). For the second set of samples, the FECT detected significantly more positive samples for parasites
than the FA280 with a user audit (McNemar’s test, P<0.001). The disparity in results may be attributed to the FECT
using significantly larger stool samples than those used by the FA280. The larger sample size used by the FECT
potentially contributed to the higher parasite detection rate. Regarding species identification, there was strong agree-
ment between the FECT and the FA280 with a user audit for helminths (k=0.857, 95% Cl 0.82-0.894). Similarly, there
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was perfect agreement for the species identification of protozoa between the FECT and the FA280 with user audit

(k=1.00, 95% Cl 1.00-1.00).

Conclusions Although the FA280 has advantages in terms of simplicity, shorter performance time, and reduced con-
tamination in the laboratory, there are some limitations to consider. These include a higher cost per sample testing
and a lower sensitivity compared to the FECT. However, the FA280 enables rapid, convenient, and safe stool examina-

tion of parasitic infections.

Keywords FA280 autoanalyzer, FECT, Formalin-ethyl acetate, Helminth, Parasitic detection, Protozoa

Background

Parasitic infections pose significant health challenges,
particularly in tropical regions. Approximately 3.5 billion
people worldwide are affected by intestinal parasites [1,
2]. Intestinal helminth infections can have detrimental
effects on health, including malnutrition, anemia, and
impaired growth and cognitive development [3-6]. In
pregnant women, intestinal helminth infections can lead
to inadequate weight gain, intrauterine growth retarda-
tion, and low birth weight in newborns [7]. Furthermore,
these infections can significantly compromise the mental
and educational development of children [3-5, 8]. Pro-
tozoa infections are a major contributor to malnutrition,
and they may contribute to changes in the microbiota
composition and activation of immune responses [2, 9,
10].

Consequently, stool examination is a fundamental tool
for diagnosing parasitic infections in clinical laboratories.
Macroscopic examination assesses general character-
istics such as color, consistency, form, and odor of stool
samples, while microscopic examination is used for para-
site detection [11]. Various manual methods are available
for the detection of intestinal parasites in stool samples,
including direct wet smear, Kato’s thick smear, and con-
centration methods such as simple sedimentation, flota-
tion, and formalin-ethyl acetate [12—14]. Each method
has advantages and limitations in terms of sensitivity,
stool preparation procedure, and processing time. The
spectrum of parasites detected by each method also var-
ies depending on the testing principles and other factors,
such as the amount of stool used.

The direct wet smear method is widely used in most
clinical laboratories owing to its ease, rapidity, and cost-
effectiveness. However, it has been reported to have
low sensitivity because of the small stool sample used
(0.2 g) [15-18]. Both Kato’s thick smear method and
the formalin-ethyl acetate concentration technique
(FECT) have demonstrated higher sensitivities than
the direct wet smear method [19]. Despite being con-
sidered the gold standard for detecting intestinal para-
sites, microscopic detection is time-consuming, tedious,
labor-intensive, and heavily reliant on the expertise
and training of microscopists [20]. Therefore, there is a

need for low-complexity, high-throughput, and cost-
effective tools to replace labor-intensive microscopic
examinations.

Several digital imaging-based automated stool exami-
nation systems have been developed to diagnose parasitic
infections [21-23]. Yang and colleagues were the first to
validate an automated stool examination system. They
recommended the development of an adjusted algorithm
to accurately classify helminth eggs [21]. Subsequently,
an automated urine sediment microscopy analyzer, the
sediMAX I, was introduced for identification and count-
ing of particles of urine sediment [24]. The sediMAX I
microscope has an attachment for a digital camera, with
image magnification approximating to 400X enlarge-
ment. All images are analyzed by a high-quality image
processing software that is able to detect and classify the
particles in urine as blood cells, epithelial cells, crystals,
bacteria, yeasts, sperm, and mucus and can be accessed
from remote locations [24, 25]. Although the sediMAX
I had not yet been approved for detection of intestinal
parasites, Indra and colleagues has modified sediMAX-I
in detecting intestinal parasites, helminths, and proto-
zoa. They concluded that sediMAX-1 exhibited excellent
performance in detecting eggs of Dibothriocephalus
nihonkaiensis, Taenia species, Hymenolepis nana, Tri-
churis trichiura, Ascaris lumbricoides, and Paragonimus
westermani [22, 23]. Additionally, FECPAKG2 (Techion,
Mosgiel, New Zealand), an image-based diagnostic plat-
form for quantitatively detecting parasite eggs in fecal
samples, has also been validated [26-28].

The objective of this study was to compare the effi-
ciency of a fully automatic digital feces analyzer (Model
FA280, Orienter, Chengdu, Sichuan, People’s Republic
of China) with that of the FECT. The FA280 employs a
digital imaging-based method to diagnose parasitic infec-
tions in human stool samples. The comparison was based
on the following criteria: (1) sensitivity of parasite detec-
tion in stool samples, (2) agreement in detecting parasite
species in the stool samples, (3) simplicity of the method,
(4) practicability of the method for routine diagnosis,
and (5) total and hands-on times required to perform the
analyses. Through this comparison, we aimed to evalu-
ate the performance and practicality of the digital feces
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analyzer, thereby assessing its potential as an alternative
diagnostic tool for routine parasitic infections.

Methods

Study design

As shown in Fig. 1, two sets of stool samples were utilized
in this study. The first set consisted of 200 fresh samples
randomly selected from routine stool samples in the Par-
asitology Laboratory of the Department of Parasitology,
Faculty of Medicine Siriraj Hospital, Mahidol University,
Thailand. The samples were collected between October
and December 2022. A fully automatic digital feces ana-
lyzer (Orienter Model FA280) was employed to examine
them. The testing results came from an automated report
produced by the FA280’s artificial intelligence (AI) pro-
gram and an auditing report by skilled laboratory tech-
nicians. The second set of stool samples comprised 800
samples preserved in 10% formalin. Both the FECT and
the FA280, along with a user audit, were used to diagnose
parasites in these samples.

Detection of parasites in stool samples by FECT

The FECT was performed as described by Garcia [29].
In this process, 2 g of stool sample was mixed with 10 ml
of 10% formalin. The fecal suspension was then strained
through a 2-layer gauze into a 15-ml conical centrifuge
tube. To this mixture, 3 ml of ethyl acetate was added.

200 fresh stool samples

@ ¥
Analyzed by FA-280 Analyzed by FECT
05¢g) 05¢g)

. A

’ Al report || User audit

| Compare: FA-280 with Al report, FA-280 with user audit and FECT

B
800 preserved stool samples

(10% formalin)
$ §
Analyzed by FA-280 (user audit) Analyzed by FECT
(05¢) 279

Compare: FA-280 with user audit and FECT

Fig.1 Graphical representation of the study design. The study

was divided into two parts: A and B. In Part A of the study, 200

fresh stool samples were analyzed using the Orienter Model FA280
automatic digital feces analyzer. Species identification was evaluated
by a skilled medical technologist through user audits, and the results
were reported by the analyzer’s artificial intelligence program. In

Part B of the study, 800 preserved stool samples were subjected

to parasite detection using both the FA280 feces analyzer (with user
audit) and the formalin-ethyl acetate concentration technique (FECT).
All preserved stool samples were analyzed once with each method
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The tube was tightly closed and vigorously shaken in an
inverted position for 1 min. The stopper was carefully
removed, and the tube was centrifuged at 2500 rpm for
2 min. The plug of debris at the top of the tube was freed
by ringing the sides of the tube with an applicator stick.
The top layer of the supernatant was decanted, and debris
on the sides of the centrifuge tube was removed using a
cotton-tipped applicator. The sediment at the bottom of
the tube was pipetted onto a clean glass slide, and ova
and parasites were observed under a light microscope
[29].

Detection of parasites in stool samples by FA280

The FA280 fully automatic digital feces analyzer consists
of the following components: (1) automatic in-sample
unit. The analyzer uses a track-type sample carrier to
ensure accurate and consistent sample loading. (2) Sam-
pling unit. This unit uses a pneumatic mixing system to
ensure that the sample is thoroughly mixed with dilu-
ent. (3) Sample character and color photographing unit.
A high-resolution camera is employed to capture images
of the sample. The images are then analyzed by the ana-
lyzer’s software to determine the sample’s attributes and
color. The results are stored in the system for reference
by the tester. (4) Microscope unit. High- and low-power
objective lenses are used to automatically capture images
of the sample at different magnifications. The micro-
scope unit also utilizes multifield tomography imaging to
obtain detailed sectional images of the sample. (5) Test
kit unit. This unit facilitates the quantification of samples
by dropping them into the sample loading area of the test
kit. The test kit incubation belt automatically rotates the
test kit to the image collection area to periodically cap-
ture and interpret photos of the experimental reaction
results. Illustrations detailing the operational procedures
of the FA280 analyzer are shown in Fig. 2.

The test principle of the FA280 analyzer is based on a
simple sedimentation technique. In the processing step,
a batch of 40 stool samples is processed in a single run,
which takes approximately 30 min. During sample test-
ing, approximately 0.5 g of a stool sample is placed in a
filtered sample collection tube using a spoon. The sample
collection tube is then placed into the sample rack of the
analyzer.

Once the system obtains a sample, the software initi-
ates the test. Microscopic examination is performed, cap-
turing photographs of the stool sample and recording its
various attributes. These attributes encompass the sam-
ple’s color, form, and consistency. The color varies from
yellow, off-white, green, and red to a tar-like hue. The
form refers to the physical shape or appearance, while the
consistency indicates whether the sample is loose, semi-
solid, or watery.
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Fig.2 Instrument operation procedures of the FA280 feces analyzer

Next, a diluent is automatically added to the sample in
the tube. The main components of the diluent typically
include sodium chloride (approximately 0.85-0.95%),
PC-300 (approximately 0.1-0.3 ml/l), and water for ana-
lytical laboratory use. The diluent is mixed thoroughly
with the stool sample through pneumatic mixing. This
process helps filter out nonpathological residues such
as large plant fibers, seeds, and undigested residual
food. The prepared sample enters a counting cell within
the analyzer’s sample character and color photograph-
ing unit. The microscope unit of the FA280 automati-
cally focuses and collects high-resolution images of the
sample.

In our investigation, the digital microscope images
were uploaded and analyzed using the system software,
which generated an Al report. Additionally, an experi-
enced medical technologist performed a user audit by
reviewing the uploaded images on screen to check for the
presence of parasites.

Statistical analysis

Statistical analyses were conducted using GraphPad
Prism version 7.04 (GraphPad Software Inc, San Diego,
CA, USA). Differences in parasite-positive samples
detected by the FA280 analyzer (both through the Al
report and the user audit) and the FECT were evaluated
using McNemar’s test. The consistency in parasite species

detection between techniques was assessed via kappa (k)
agreement, with a 95% confidence interval (95% CI).

Results
Comparison of the FECT and the FA280 for parasite
detection
For the first set of stool samples, Table 1 presents the
results of parasite detection in 200 fresh stool sam-
ples tested using the FECT, FA280 with an AI report,
and FA280 with a user audit. The pairwise agreements
between the results obtained with the FECT and the
FA280 with an Al report showed statistically significant
differences (McNemar’s test, P<0.001). However, there
were no statistically significant differences between the
results obtained from the FECT and FA280 with a user
audit (exact binomial test, P=1.000). When comparing
the agreement for the species of parasites detected by the
FA280 with an Al report, fair agreement was observed
(overall agreement 75.5% [151/200 samples], k=0.367,
95% CI 0.248-0.486). On the other hand, the agreement
for the species of parasites detected by the FA280 with a
user audit and FECT showed perfect agreement (overall
agreement 100%, k=1.00, 95% CI 1.00-1.00).

The FA280 with an Al report demonstrated a sub-
stantial false-positive rate of 32.5% (65/200 samples). In
light of this high rate, the performance of the FECT was



Boonyong et al. Parasites & Vectors (2024) 17:13

Page 5 of 10

Table 1 Results of parasite detection of 200 fresh stool samples obtained from routine parasite detection using the formalin ethyl

acetate concentration technique (FECT)

Method Negative Positive Species of parasite detected

Al Tt Hw Ts Ov Bh Gl
microscopic detection (FECT) 178 22 11 6 1 0 0 3 1
FA-280 feces analyzer (Al report) 129 71 13 6 8 14 41 0 2
FA-280 feces analyzer (user audit) 178 22 11 6 1 0 0 3 1

Al Ascaris lumbricoides, Tt Trichuris trichiura, Hw hookworm, Ts Taenia spp., Ov Opisthorchis viverini, Bh Blastocystis hominis, Gi Giardia lamblia

Table 2 Results of parasite detection of 800 preserved stool
samples using FA-280 feces analyzer (user audit) and the formalin
ethyl acetate concentration technique (FECT)

Methods Number of stool sample
Positive Negative
Formalin ethyl acetate concentra- 468 332
tion (FECT)
FA280 feces analyzer (user audit) 440 360

* Agreement for all parasite positive samples detected between the autoanalyzer
using result obtained from user audit and FECT revealed weighted kappa (k)
values of 0.857, indicating almost perfect agreement

compared to that of the FA280 with a user audit in the
second set of stool samples.

For the second set of stool samples, as presented in
Table 2, parasites were detected in 468 of the 800 sam-
ples tested by the FECT, while the FA280 with a user
audit detected parasites in 440 of the samples. The results
indicated that the FECT identified a significantly higher
number of parasite-positive samples than the FA280
with a user audit (McNemar’s test, P<0.001). Table 3
compares the performance of three methods: direct wet
smear, the FECT, and the FA280 with a user audit.

Figures 3 and 4 display bar graphs illustrating the spe-
cies of helminths and protozoa, respectively, detected
by the FECT and the FA280 with a user audit. Figure 5
shows high-resolution images from the FA280 digital
microscope depicting helminth eggs and larvae. Addi-
tionally, Fig. 6 shows images of protozoan cysts and
trophozoites. The concordance in detecting helminth
species between the FECT and the FA280 (when used
with a user audit) was notably strong. Of the 800 sam-
ples, 747 were consistent, yielding an overall match rate
of 93.4%. The kappa value was 0.857, with a 95% confi-
dence interval of 0.82—0.894. Similarly, the concordance
in detecting protozoan species between the FECT and
the FA280 (when used with a user audit) was perfect. All
800 samples matched, resulting in a 100% consistency
rate (k=1.00, 95% CI 1.00-1.00).

Discussion

Our study compared the performance of the FECT, the
FA280 with an Al report, and the FA280 with a user audit
in diagnosing parasitic infections in 1000 stool samples.
The study’s strengths were as follows: using the same
stool samples to evaluate the performance of all tech-
niques, employing a large number of fresh and preserved
stool samples (1000), having a substantial number of

Table 3 Comparison of the parasite detection performance of three methods: direct wet smear, formalin-ethyl acetate concentration

technigue (FECT), and FA280 feces analyzer (user audit)

Parameter compared Direct wet smear [29] FECT FA280 with user audit
Weight of stool used 029 29 05-1g
Technique Manual Manual Automatic

Process simplicity Less complicated

Processing time 2 min/sample

Parasite observing time 5-10 min
Parasites observation tool Microscope
Experienced laboratory technician Required
Result recorded and stored No
Cost/test usD 0.25

More complicated Less complicated

8-10 min/sample 2 min/sample

5-10 min 3-5min

Microscope High-resolution images
Required Required

No Yes

USD 0.50 UsD 2.00
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Fig. 3 Bar graphs showing the number and helminth species found in the test stool samples tested by the formalin-ethyl acetate concentration

technique (FECT) and the FA280 feces analyzer (with user audit)
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Fig. 4 Bar graphs showing the number and protozoa species
found in the test stool samples tested by the formalin-ethyl acetate
concentration technique (FECT) and the FA280 feces analyzer (with
user audit)

parasite-positive samples (468), and encompassing a vari-
ety of helminth and protozoan species.

Our findings revealed that the FECT identified more
positive samples than the FA280 with a user audit (468 vs.
440). Both the FECT and the FA280 analyzer utilize the
sedimentation method. It is considered the most straight-
forward and least error-prone technique, ensuring the
recovery of helminth eggs, helminth larvae, and proto-
zoan cysts [29]. However, several factors may explain
the discrepancy between the number of positive results

found by the FECT and the FA280 with a user audit.
First, the FECT requires 2 g of stool sample, whereas the
FA280 analyzer uses 0.5 g. The larger stool sample for
the FECT contributes to a higher parasite detection rate.
Second, the processing steps in the FECT, including the
removal of fecal debris and fat from stool samples using
ethyl acetate, enhance egg isolation, thereby increasing
the chances of detecting parasite eggs or larvae. Regard-
ing the species of detected parasites, the FA280 with the
user audit demonstrated strong to perfect agreement
with the FECT in detecting intestinal helminth and pro-
tozoan species (k=0.857 and 1, respectively).

This study also demonstrated that using fresh stool
samples resulted in perfect agreement with the results
obtained from the FECT, whereas the testing with the
preserved stool samples yielded a lower positive-sample
detection rate. This discrepancy can be explained by the
fact that formalin-preserved stool samples have an exact
stool weight of < 0.5 g due to their dilution with 10% for-
malin. Additionally, the first set of fresh stool samples
consisted of only 200 samples with 22 positive parasite
samples, compared to the 800 preserved stool samples
with 468 positive parasite samples. Sample size plays a
crucial role in decision-making analysis: the larger the
sample used, the more reliable the results are.

The FECT also detected more A. lumbricoides and T.
trichiura positive-stool samples than the FA280 with a
user audit. This discrepancy may be attributed to the
worm burden in infected individuals. In some instances
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Fig. 5 High-resolution images from the FA280 feces analyzer's digital microscope depicting helmlnth eggs and larvae

where the FECT detected A. lumbricoides- or T. trichi-
ura-positive samples but the FA280 analyzer yielded
negative results, only a few or rare parasite eggs were
observed under the microscope. Stool samples with a
high abundance of parasite eggs can increase detection
rates in microscopy-based examinations [30]. Thus, in
stool samples with low density of the parasites eggs, along
with the lower amount of the stool samples usage, might
have led to the lower detection rate of FA-280. Addition-
ally, this discrepancy in results may be explained by the
study of Brummaier and co-authors who found that the
FECT was superior in detecting hookworm and 1. trichi-
ura eggs [30].

Although the FECT has several advantages, there are
some precautions to consider. The processing steps of the
FECT are time-consuming, including the shaking step
before centrifugation and removal of debris plugs, which
must be performed carefully for accurate results. Moreo-
ver, processing many stool samples is tedious and labo-
rious. Observing large amounts of stool sediment under
the microscope often causes eye fatigue and dizziness in
operators.

The FA280 analyzer offers several advantages. First, as
the testing and analysis are fully automated, processing
times and human errors are reduced, making the ana-
lyzer suitable for the mass screening of parasitic infec-
tions. Second, the stool preparation process is carried
out in a closed system, ensuring the safety of laboratory

technicians and reducing potential contamination in the
laboratory. Third, stool sediments can be stored for sev-
eral weeks, allowing for retesting or utilization for educa-
tion or research. Finally, using a digital microscope, the
FA280 analyzer records high-resolution images of the
detected parasites. These images can be retrospectively
observed and used for educational and quality control
purposes.

However, the present study raises some concerns
regarding the application of automatic feces analyzers
for parasitic detection. In routine laboratory diagnosis
of parasitic infections, microscopic-based methods are
commonly used. Laboratory technicians are familiar with
the appearance of parasite eggs, larvae, cysts, and tropho-
zoites observed under a microscope. In contrast, the
FA280 is an image-based diagnostic platform that utilizes
high-resolution digital microscopic images for evalua-
tion and data collection. From our experience, the high-
resolution images obtained from the FA280 may differ
somewhat from those observed under a microscope,
potentially leading to the misdiagnosis of parasites.
Therefore, before implementing the diagnosis of parasitic
infections using an FA280 analyzer or a similar image-
based diagnostic platform, laboratory technicians should
train extensively by reviewing digital images of parasites
to ensure familiarity.

Furthermore, the FA280 with AI automatic report-
ing showed limited analytical specificity in the present
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Fig. 6 High—resolut\on images from the FA280 feces analyzer's digital microscope depicting protozoan cysts and trophozoites

study. Therefore, the FA280 automatic feces analyzer
cannot fully replace a skilled operator. It still requires
an experienced or well-trained laboratory technician to
evaluate the digital microscope images to obtain accu-
rate results and avoid misdiagnosing parasitic infections.
Additionally, the FA280, equipped with a special type of
microscope and an electronic camera, allows for clear
visualization of the inner contents of cysts, particularly
in Giardia duodenalis. However, for cysts of other amoe-
bas, such as Entomoeba coli and E. histolytica/dispar, the
size of the cyst is another key factor used to differentiate
between species within the Entamoeba genus.

Conclusions

This study assessed and compared the concordance
in detecting parasites and identifying species in stool
samples using a fully automatic digital feces analyzer
(Orienter Model FA280) and the FECT. Despite the
higher cost per sample and lower sensitivity of the
FA280 compared to the FECT, the FA280 automatic

feces analyzer offers the advantage of high automation,
simplified operation procedures, rapid detection speed,
and an improved working environment.
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