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Background. Intestinal parasitic infections remain an
important public health concern in Ukraine, yet data on their
prevalence and the performance of diagnostic methods in
adults are limited. This study aimed to compare microscopy
and real-time PCR for detecting intestinal parasites in stool
samples collected from adults in the Ternopil region, and
to investigate the presence of protozoa and helminths in
the study population.

Materials and methods. Stool samples from 48 adults
were analyzed by microscopy and real-time PCR. Fresh
samples were examined on-site in Ukraine by direct smeatr,
while preserved samples (i.e. samples preserved in 96 %
ethanol or on Whatman FTA Classic Cards) were analyzed
in a laboratory in Poland using microscopy and real-time
PCR.

Results. Microscopy detected Blastocystis spp. in 8 fresh
(16.7 %) and 4 ethanol-preserved (8.3 %) stool samples.
Real-time PCR confirmed all microscopy-positive cases and
detected additional infections, identifying Blastocystis spp.
in 12 (25 %) and Dientamoeba fragilis in 13 (27.1 %)
samples, with higher detection rates observed in FTA Card-
preserved material. No helminths or other intestinal
protozoa were detected in any of the collected samples.

Conclusions. Blastocystis spp. and D. fragilis were the
only intestinal protozoa detected among adults from
Ternopil, Ukraine. The absence of helminths may reflect
low infection intensity or the characteristics of the studied
cohort. Molecular techniques proved useful for detecting
fragile protozoa that may be missed by conventional
microscopy.

Key words: Blastocystis spp., Dientamoeba fragilis,
FTA Cards, microscopy, real-time PCR, Ukraine.

Intestinal parasitic infections remain an important public
health concern in Ukraine. Recent epidemiological data
indicate a rising trend in infectious and parasitic diseases,

with overall incidence increasing from 12 669 per 100 000
population in 2022 to 13 149 per 100 000 in 2023. Helminth
infections, particularly ascariasis and enterobiasis, are
among the most commonly reported parasitic diseases. In
the Ternopil region, the incidence rates of ascariasis were
148.25 and 131.87 per 100 000 in 2022 and 2023,
respectively, while enterobiasis increased from 59.18 to
69.12 per 100 000 population [1]. Protozoal infections are
less frequent but still reported, with 2 431 cases of giardiasis
and 20 cases of cryptosporidiosis nationwide in 2025
(January—September) [2]. This local epidemiological context
highlights the need for effective diagnostic approaches to
detect intestinal parasites in the region.

Accurate diagnosis of intestinal parasites is critical for
understanding their true prevalence. Conventional
microscopy is limited by sample freshness, preparation,
and observer expertise [3, 4], whereas molecular methods
such as real-time PCR can improve sensitivity [5],
particularly when samples are preserved appropriately [6].
However, data comparing these two methods in Ukrainian
populations are scarce.

The aim of this study was to compare microscopy and
molecular methods for detecting intestinal parasites in stool
samples collected from adults in the Ternopil region, with
particular focus on the effect of sample preservation, and
to assess the presence of intestinal parasites, including
helminths, in this Ukrainian population.

Materials and Methods

The study was initiated on 29 September 2025 at the
Department of Infectious Diseases with Epidemiology,
Dermatology and Venerology, |. Horbachevsky Ternopil
National Medical University, Ternopil, Ukraine. A total of 48
adult volunteers from Ternopil provided fresh stool samples
collected over the preceding weekend. Each participant gave
informed consent for inclusion in the study.
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On the day of collection, a portion of each stool sample
was examined on-site by an experienced clinical laboratory
specialist using direct smear in Lugol's solution under light
microscopy at 10x and 40x magnification. The remaining
material was processed for preservation: a portion was applied
onto Whatman FTA Classic Cards and left to dry, and the rest
was covered with 96 % ethanol until completely immersed. The
FTA cards were stored in sealed bags with desiccant. All
preserved samples were then transported to Poland for further
laboratory analysis.

Preserved stool samples (on FTA Classic Cards and in
96 % ethanol) were transported to the Department of
Epidemiology and Tropical Medicine, Military Institute of
Medicine — National Research Institute, Poland. Laboratory
analyses included microscopy and molecular methods.
Microscopy was performed using three techniques: direct
smear in Lugol’s solution, decantation in distilled water, and
flotation according to the Filleborn method.

For molecular analyses, DNAwas extracted from both FTA
Classic Cards and ethanol-preserved stool samples using the
Bosphore Nucleic Acid Extraction Versatile Spin Kit (Anatolia
Geneworks, Turkey). For FTA Card samples, the area
containing stool material was cut out with metal scissors, which
were disinfected between samples using sodium hypochlorite
solution and distilled water. The pieces which had been cut out
from FTA Cards were placed in 2 ml microcentrifuge tubes,
suspended in 1 ml distilled water, and eluted with gentle shaking
at room temperature for 24 hours. After elution, 400 pl of the
supernatant was transferred to a new tube, mixed with 400 pl
LTX buffer (Anatolia Geneworks, Turkey) and 20 pl proteinase
K, and incubated at 56 °C for 1 hour. Subsequently, 400 pl LB1
buffer and 20 pl proteinase K were added, and the procedure
continued according to the manufacturer’s protocol.

Ethanol-preserved stool samples were transferred to 2 ml
microcentrifuge tubes, and centrifuged at 14,500 RPM for 5
minutes to remove the supernatant containing ethanol. After
decanting the supernatant, 1 ml of distilled water was added
to the remaining pellet, mixed thoroughly, and centrifuged again
under the same conditions. This washing step was repeated
three times to ensure complete removal of ethanol residues.
Following the final wash, 400 pl of LTX buffer and 20 pl of
proteinase K were added to the pellet and incubated at 56 °C
for 1 hour. After incubation, the tubes were centrifuged again,
and the supernatant was transferred to a new microcentrifuge
tube, where 400 pl of LB1 buffer and 20 pl of proteinase K were
added. The extraction was then continued according to the
manufacturer’s instructions, as described for samples collected
on FTA Cards.

Real-time PCR assays were then performed on all
extracted DNA to detect both protozoan and helminth parasites.

Real-time PCR analyses were performed using two
commercial multiplex kits. The first, Bosphore Parasitic Gl
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Panel Kit v1 (Anatolia Geneworks, Turkey), was designed for
the detection of Ascaris spp. (ITS-1 gene), Taenia spp. (ITS1
& 5.8S rRNA genes), Enterobius vermicularis (COX1 gene),
Entamoeba histolytica (5.8S rRNA-ITS2 region),
Cryptosporidium spp. (18S rRNA gene), and Giardia duodenalis
(18S rRNA gene).

The second kit, AmpliTest Digestive System Parasites |l
(Real-Time PCR) (Amplicon, Wroctaw, Poland), targeted
Dientamoeba fragilis and Blastocystis hominis; the manufacturer
does not disclose the target gene sequences.

For the Bosphore Parasitic GI Panel, the thermal cycling
conditions were as follows: initial denaturation at 95 °C for 5
min, followed by 40 cycles of denaturation at 97 °C for 15 s
and annealing/extension at 60 °C for 1 min, with a final hold at
32 °C for 2 min.

For the AmpliTest Digestive System Parasites |l assay, the
thermal profile consisted of an initial denaturation at 95 °C for
5 min, followed by 45 cycles of 95 °C for 10 s and 58 °C for 25
s. All reactions were performed on the Aria MX Real-Time PCR
System (Agilent Technologies, USA).

Descriptive statistics were used to summarize the data.
Frequencies and percentages were calculated for the detection
of intestinal parasites by different methods and preservation
techniques. Given the small sample size and the methodological
aim of the study, no inferential tests were performed. Data
management and visualization were performed using Microsoft
Excel (Microsoft Corporation, USA).

Research Results and their Discussion

A total of 48 adult residents of Ternopil participated in
the study.

Microscopic examination of fresh, unpreserved stool
samples using a direct smear in Lugol’'s iodine detected
Blastocystis spp. (B. hominis) in 8 participants (16.7 %).
When stool samples preserved in 96 % ethanol were
examined microscopically using three methods — direct
smear in Lugol’s solution, flotation (Fulleborn method), and
decantation in distilled water — Blastocystis spp. were
observed in 4 samples (8.3 %). Of these, three coincided
with positive findings from the fresh stool smears, and one
was an additional positive result. No other intestinal
protozoa or helminths were detected in any of the examined
samples by light microscopy.

Real-time PCR analysis of ethanol-preserved stool
samples detected Blastocystis spp. in 4 participants (8.3 %),
all of whom were also positive by microscopy of fresh stool
samples.

PCR performed on FTA card-preserved samples
confirmed these four cases and additionally detected
Blastocystis spp. in eight more participants, giving a total
of 12 (25.0 %) positive samples. All samples that were
microscopy-positive were also confirmed by PCR,



regardless of preservation method. In addition, real-time
PCR identified D. fragilis infections. PCR analysis of
ethanol-preserved stool detected D. fragilis in 9 participants
(18.8 %), while PCR on FTA card—preserved stool confirmed
all these cases and detected four additional infections,
resulting in a total of 13 (27.1 %) positives.

None of the tested samples were positive for Ascaris
spp., Taenia spp., E. vermicularis, G. intestinalis (G.
duodenalis), Cryptosporidium spp. or E. histolytica.

Table 1 summarizes the results obtained using all
diagnostic methods and sample preservation techniques,
while Figure 1 presents pie charts illustrating the proportion
of detected intestinal parasites versus negative results.

Table 1

The results obtained using all diagnostic methods and
sample preservation techniques, Ternopil 2025 (n=48)

b ) Microscopy Real-time
Agent reservation PCR
method
% %

Blastocystis | native smear 8 16.7 0 0.0
SPp- | 96 % ethanol | 4 8.3 4 8.3
(Blastocystis
hominis)

FTA card 0 0.0 12 25.0
Dientamoeba | native smear 0.0 0.0
fragilis 96 % ethanol 0.0 18.8

FTA card 0 0.0 13 27.1

Note. Giardia intestinalis (Giardia duodenalis), Entamoeba
histolytica, Cryptosporidium spp., Ascaris lumbricoides, Taenia
spp., Enterobius vermicularis and other intestinal protozoa and
helminths were not detected.

Although national surveillance data indicate relatively
high incidence rates of ascariasis and enterobiasis in
Ukraine, particularly in western regions such as Ternopil
[1], no helminth infections were detected in the present
study. This discrepancy may reflect differences between
population-level surveillance data, which often include
children and symptomatic individuals, and the current study
group consisting of asymptomatic adults. Additionally, the
absence of helminths could be related to the small sample
size. No cases of giardiasis or cryptosporidiosis were
detected either, contrasting with several thousand cases
reported nationwide in 2025 [1, 2]. In contrast, intestinal
parasites such as Blastocystis spp. stramenopile andD.
fragilis protozoa were detected, which is consistent with the
findings from previous studies by Kyrychenko et al. [7] and
Korzeniewski et al. [8], which reported a predominance of
these protozoa among Ukrainian adults.
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Fig. 1. Pie charts illustrating the proportion of detected intestinal
parasites versus negative results, Ternopil 2025 (n=48).

The clinical relevance of both Blastocystis spp. and
D. fragilis remains debated [9]. Infections may range from
asymptomatic carriage to nonspecific gastrointestinal
symptoms, including abdominal pain, diarrhea, bloating,
nausea, and vomiting [10, 11]. Observational studies
indicate that the parasite burden, particularly of D. fragilis,
correlates with symptom severity: individuals with higher
numbers of trophozoites tend to exhibit gastrointestinal
symptoms more frequently than those with low parasite load
[12]. This highlights that quantitative assessment of
parasites can provide useful context when evaluating
potential clinical impacts, although many carriers remain
asymptomatic.

Detection of fragile protozoa such as D. fragilis poses
a challenge for conventional light microscopy, particularly
in unstained preparations or samples preserved in ethanol,
as trophozoites may degrade rapidly during collection,
transport, and storage [13]. Recent studies on D. fragilis in
humans often employ qPCR techniques, as they are
considered the most sensitive methods [14-16].

In our study, PCR confirmed all microscopy-positive
Blastocystis cases and additionally identified D. fragilis in
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samples which tested negative by microscopy. Real-time
PCR allows detection of parasite DNA even when
trophozoites are no longer morphologically intact.
However, its interpretation requires caution: high cycle
threshold (Ct) values can reflect non-specific amplification,
and PCR results alone do not necessarily correlate with
parasite load or clinical manifestations [17]. Accurate
interpretation depends on proper laboratory practice,
operator training, and consideration of the clinical context.
High-resolution microscopy of permanently stained smears
(e.g., modified Wheatley trichrome or Heidenhain’s iron
hematoxylin) can improve detection rates of both
Blastocystis spp. and D. fragilis [7], but requires expertise.
Overall, our findings indicate that potentially pathogenic
parasites were detectable in the adult population sampled
in Ternopil. Both Blastocystis spp. and D. fragilis were
present, with D. fragilis detected only by molecular methods.
The fragile nature of D. fragilis and the unknown conditions
and duration of sample storage prior to processing may
have contributed to its non-detection by conventional
microscopy, while molecular methods allowed identification
of its genetic material. The absence of helminths and other
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Blastocystis spp. i D. fragilis 6y/1u €QUHUMU KUWKOBUMU
Halnpocmiwumu, BUSIBIEHUMU B O0OPOC/IUX MEWKaHUIB
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cmilikux Hadnpocmiwux, sIKUX MOXHa He 3Halimu 3a
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