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ABSTRACT

Aim. To analyze modern methods for the diagnosis of trematodiasis in experimental and epidemiological studies.

Trematodiasis is a group of common parasitic diseases that are a socially sensitive health problem worldwide.
According to World Health Organization, more than 250 million people are affected by trematode infections
globally. The most common types of human trematode infections are diseases caused by Schistosoma, Fasciola,
Clonorchis, and Opisthorchis pathogens. Diagnosis of trematodiasis is often multistage and includes identification
of disease symptoms, analysis of medical history, and use of various laboratory tests. Clinical presentation of
parasitic infections often varies, making a definitive diagnosis difficult. Various tools are used to diagnose trematode
infections: epidemiological criteria, laboratory tests (complete blood count and blood biochemistry, serological
methods), instrumental methods (abdominal X-ray and ultrasound), and parasitological techniques, which often
have insufficient sensitivity and specificity. Therefore, development of modern and effective non-invasive methods
for detection of trematode infections with high sensitivity and specificity, including screening in endemic regions,
is relevant.

The present review analyzes the results of 90 clinical trials and experimental studies on the diagnosis of trematode
infections using the PubMed search engine and the eLibrary database. The review analyzes original articles
published from January 1, 2015 to December 31, 2021.

Most studies confirm that the absence of a standard diagnostic approach highlights obvious convenience of utilizing
a combined approach to reliable diagnosis of trematodiasis. An adequate combination of different diagnostic tests
makes it possible to diagnose the disease correctly, devise a correct treatment and follow-up strategy, and organize
preventive measures.
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dopcaiiT AUarHoCTUKN TPEMaToA030B: MHHOBaLIMM NPOTUB PYTUHHDbIX
MeTOof 0B

MepuHa E.A., XmeneBckas E.C., ®egopoBa O.C., BaHoB B.B.

Cubupckuii cocyoapcmeennwlil meouyurckuil yrusepcumem (Cubl’MY)
Poccus, 634050, e. Tomck, Mockosckuti mpakm, 2

PE3IOME

Henr nanHoro o63opa JUTEpaTyphl — MPOBECTH aHAIN3 COBPEMEHHBIX METOJOB JHATHOCTHKU TPEMATOJI030B B
SKCIIEPUMEHTANIBHBIX U SMHUIEMHOIOTNYECKUX UCCIIeI0BaHUSAX.

TpemMatomo3sl — paclpoCTpaHCHHbIC Mapa3sHTapHble 3a00JICBaHMS, SBIMIOLIMECS BaXHOH MpoGiieMoit
001eMUpPOBOTO 3/1paBooxpaneHusi. [10 maHHBIM BceMupHON OpraHu3aiuu 3IpaBOOXPAHEHUS, TPEMATO[03aMU
nopaxeHo 6onee 250 miH yenoBek. Hanbosee pacipocTpaHEHHBIMU BHAAMU TPEMATO030B YeIOBEKa SIBIISIOTCSI
3a00JIeBaHusl, BEI3BaHHBIC BO30ymuTensiMu Schistosoma, Fasciola, Clonorchis w Opisthorchis. JlnarnocTuka Tpe-
MAaroJ[030B 4acTO ObIBaeT KOMOMHUPOBAHHOW M MHOTOCTYIIEHYATON — BBISIBJIEHHE CUMIITOMOB 3a00JIeBaHusI, COOp
SMUIEMHUOJIOTHYECKOTO aHAMHE3a W HWCIOJIb30BaHKUE PA3JIMYHbIX JIaGOpaTOPHBIX HcclenoBanuii. Kimnnueckas
KapTHHA Mapa3suTapHbIX MHBA3WH Y4acTO BAPbUPYET, YTO 3aTPYIAHAET OKOHUYATEIbHBIN quarno3. J[js InarHoCcTuKu
TPEMATO030B HCIONB3YIOT pa3JINYHble JIUATHOCTHYECKUE HWHCTPYMEHTBI: OSIHIEMHOJIOTHYECKUE KPUTEPHH,
METO/IbI J1abopaTOPHON JUArHOCTUKU (OOIIMi ¥ OHOXUMHYECKHI aHaiu3 KPOBH, CEPOJIOTHYECKHE METOIBI),
HHCTPYMEHTAIbHBIE METO/bI (PEHTIEHOJIOTHYECKHE W YJIBTPa3BYyKOBbIE WCCIEIOBAHUS OPraHOB OPIOLIHON
MOJIOCTH), TMAapasUTOJOTHYCCKHE METO/Ibl, HEPeAKO O0O0JaIarolue HEJIOCTaTOYHON YYBCTBHTEIBHOCTHIO U
cre(UUHOCTBIO0. B 3T0M CBsi3u akTyasibHa pa3paboTka COBPEMEHHBIX U 3P ()EKTUBHBIX HEMHBA3UBHBIX CIIOCOOOB
JIETEKIINU TPEMATO/030B, B TOM YKCJIE JUISi CKpDUHHHTOBOW JIMATHOCTHKHU B DHIEMHYHBIX PETHOHAX.

B pabore mposexen anamu3 90 HaydHBIX MyONMKAIMH pe3yabTaTOB KIMHUYECKHX W HKCIICPHMEHTAIBHBIX
HCCIIEOBAaHUN B 00IacTM JIMArHOCTHUKH TPEMATOJ[030B C HCIIOIB30BAHMUEM JJICKTPOHHO-TIOMCKOBON CHCTEMBI
PubMed u HayuHoli snextponHoW OmOmmorexu Elibrary. B 00630pe TpencTaBIeHb OpPUTHHAIBHBIC CTaThH,
omy0mkoBanHbIe ¢ 1 staBaps 2015 1. mo 31 mexadps 2021 r.

BOJIBIIMHCTBO HCCIIEA0BAHUI OATBEPIKAAET, YTO OTCYTCTBHE CTAaHAAPTHOT'O IMArHOCTHYECKOTO MOAX0/1a oA4ep-
KUBAeT OYEBUIHOE YI00CTBO IPUMEHEHUSI KOMOMHUPOBAHHOTO MOAXO0/1a JUISl MOTy4YEHUS JOCTOBEPHOIO JMarHo3a
TpeMaro03a. AJJeKBaTHOE COYETAHNUE PA3IMYHbIX AUArHOCTHYECKUX TECTOB MO3BOJISCT HPABUIBHO IHArHOCTUPO-
BaTh 3a00JICBAHKE, COCTABUTH IPABHJILHBIN IUIAH JICYCHUS U TIOCIICYIONIEro HaOII0ICHHUs, OPraHU30BaTh MEpbI
MPOQUIAKTUKY.

KiioueBblie cjoBa: TpemMaros03, OMUCTOPXO03, KIOHOPXO3, IYOACHAIBHOC 30HIMPOBAHHUE, TeIbMHHTOOBOCKO-
M5, IMMYHO(DEPMEHTHBII aHaIN3, MOJICKYJISIPHO-TEHETHYECKas! IMArHOCTHKA, SHIOCKOIINYECKOE HCCIIeIOBaHHE,
kommbtotepHast Tomorpadus (KT), marautHo-pe3onancHas Tomorpadust (MPT), ynpTpazBykoBoe HCCIIeIOBaHNE
(Y31)

KOH('I).]'IHKT HUHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIHUAJIBHBIX KOH(l)J'II/IKTOB UHTEPECOB,
CBsA3aHHBIX C COACPIKAHNEM HACTOSIICH CTaThHU.

Hcrounnk punancupoBanus. ccrienoBanue BEIOTHEHO pH prHaHCOBOI nonepxke PODU B pamkax HaydHO-
T0 npoekTa «aeHTH(UKAI HOBBIX ANArHOCTHYECKIX MapKePOB st pa3pabOTKH TEXHOIOTHH MOMYIISIIHOHHOTO
CKpHHHUHTA TpeMaTo1030B» Ne 19-515-70004.

Jast umtupoBanus: [lepuna E.A., Xmenesckas E.C., ®enoposa O.C., Mianos B.B. ®opcaiit auarHocTuku Tpe-
MaTO/I030B: MHHOBALMM IPOTUB PYTHHHBIX METONOB. broremenv cubupckou meduyunvl. 2023;22(1):132-142.
https://doi.org/10.20538/1682-0363-2023-1-132-142.

INTRODUCTION Organization (WHO), it affects more than 250 million
people in many countries on five continents [1-5]. The

Trematodiasis is a group of common parasitic most common types of human trematode infection are
diseases that are a socially sensitive health problem diseases caused by Schistosoma, Fasciola, Clonorchis,

worldwide. According to the World Health and Opisthorchis. People acquire trematodes while
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swimming via skin and mucous membranes, by
accidental ingestion of water containing parasite
cysts, and by consumption of inadequately processed
or raw fish.

Helminth invasion of the biliary tract is an
important medical problem, especially in tropical and
subtropical endemic areas [6]. Many endemic regions
(China, Philippines, Cambodia, Laos) have launched
national programs to achieve control of invasions [7].
Trematodiasis control worldwide is aimed at reducing
the risk of infection. For this purpose, mass prophylactic
anthelmintic treatment is offered in endemic areas.
All this is due to difficult diagnosis of these diseases,
which is often combined and multistage and includes
identifying symptoms of the disease, taking a biological
history, and using various laboratory tests. The clinical
presentation of parasitic infections often varies, making
a definitive diagnosis difficult. Various diagnostic
tools are used to diagnose trematodes: epidemiological
criteria, laboratory diagnostic methods (complete
blood count and blood biochemistry, serological
tests), instrumental methods (abdominal X-ray and
ultrasound), parasitological techniques [8]. Specific
diagnostic methods are detection of eggs in feces,
urine, and / or duodenal contents [6, 9]. However, it
is recognized that parasitological methods show low
sensitivity in detecting mild infestations; consequently,
there remains a need to develop more sensitive and
specific diagnostic tools to monitor the prevalence of
parasite invasion [9-12].

The aim of this literature review was to analyze
modern methods for the diagnosis of trematodiasis in
experimental and epidemiological studies.

METHODS

The present review analyzes the results of clinical
trials and experimental studies on the diagnosis
of trematode infections using the PubMed search
engine and the eLibrary database. The review
includes original articles published from January
1, 2015 to December 31, 2021. Primary search for
publications on the diagnosis of trematodiasis was
carried out. The keywords used for the search were
“trematodiasis”, “opisthorchiasis”, “clonorchiasis”,
“duodenal sounding”, “helminthovoscopy”, “enzyme-
linked immunosorbent assay”, “metabolomics”,
“proteomics”, “molecular genetic diagnosis”, “PCR”,
“endoscopic examination”, “CT”, “MRI”, “ultra-
sound”, “X-ray”. Approximately 350 publications in
Russian and over 1,500 publications in English were

identified.

At the first stage, we selected articles the title
of which mentioned methods for diagnosing
trematodiasis; at the same time, we excluded reviews
and articles duplicating information. At the second
stage, we analyzed abstracts of the publications and
excluded works in which routine methods and stool
microscopy were used as the only research methods.
At the third stage, we selected articles with access
to the full text; as a result, a detailed analysis of 90
publications containing data on original modern
research in the field of diagnosing trematodiasis was
carried out.

MODERN MICROSCOPY TECHNOLOGIES

The results of the analysis indicate wide
geographical coverage of the studies: most of them
were performed in the endemic regions of Southeast
Asia; however, some studies were carried out in
Europe, USA, and Africa [12—-15]. To confirm the
diagnosis of most trematode invasions, microscopy of
patient stool samples is used, since the method is simple
and affordable; however, it only detects invasion of
medium and high intensity [12, 16]. The sedimentation
method has greater sensitivity and versatility at low
invasion intensity [15, 17, 18]. Microscopy of stool,
urine or duodenal samples requires a laboratory with a
light microscope and qualified experienced personnel,
which is not always available in endemic areas.

Some researchers propose a solution to the
above problems with modern compact microscopes
compatible with smartphones. So, in the study [19,
20], a comparison of a standard microscope and two
mobile microscopes — Foldscope and CellScope —
was carried out for the diagnosis of S. haematobium.
Sensitivity was 55.9 and 69.6%, specificity reached
93.3 and 100%, respectively. Given possible technical
improvement (increased sensitivity, increased fields
of view), these devices can become pilot technology
for the production of portable diagnostic microscopes.

At the same time, for the differential diagnosis of
schistosomiasis, a rectal biopsy can be used, which
makes it possible to achieve high sensitivity of a
microscopic examination in comparison with standard
serological tests [21].

ENZYME IMMUNOASSAYS

Enzyme immunoassay is a common and frequently
used method in parasitology. The most common
technique is enzyme-linked immunosorbent assay
(ELISA). This method is based on detection of
specific antibodies to present parasites secreted by the
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body or parasite antigens themselves determined in
venous blood or urine. This method has advantages
over stool microscopy, since parasite antibodies are
detected even in case of slight invasion. A study
investigating seroprevalence and the relationship
between the number of O. viverrini eggs in infested
individuals and the specific antibody response showed
that ELISA (based on total IgG and IgG4 antibodies
to O. viverrini) has higher sensitivity in the analysis
(98.4 and 89.8%, respectively) than the modified
formalin-ethyl acetate technique (70.3%). The study
also noted a positive correlation between the number
of O. viverrini eggs in one gram of stool and IgG
antibody levels [7].

However, with enzyme immunoassays, both false
positive and false negative results are possible: the
former appear against the background of a previous
invasion, the latter — in severe immunodeficiency [22,
23]. An important disadvantage of ELISA is also the
presence of cross-reactions due to antigenic similarities
of various parasites. In this regard, an important task
is to increase the sensitivity and specificity of the
method.

Thus, to confirm the invasion by S. japonicum,
the diagnostic potential of cathepsin B was studied
(SjCatB). The results showed high sensitivity (86.7%)
and specificity (96.7%), which indicates the promising
diagnostic potential of this marker [24, 25].

The results of the literature review indicated
that extravesicles [24, 26], P-selectin [27], soluble
egg antigens [28-31], and serum immunoglobulins
[32] were used to develop diagnostic tools for
schistosomiasis. As part of the experimental work,
specific proteins were studied in animals [33, 34],
e.g. saposin-like proteins (SjSAP4 + Sj23-LHD (large
hydrophilic domain)) provided the best diagnostic
result with the sensitivity of 87.04% and specificity
of 96.67% [24, 35-37]. A study of the inflammatory
marker YKL-40 (chitinase-3 like-protein-1, also
called human cartilage glycoprotein 39) in preschool
children showed that it could be a potential biomarker
of S. haematobium [38]. Serum carbonic anhydrase
1 (CA1) was proposed as another line of S. mansoni
diagnosis [39].

To simplify screening, the point-of-care circulating
cathodic antigen assay is utilized (POC-CCA), in
particular, kits for detecting S. mansoni are used [23,
34, 40-44].

A work evaluating the use of three functionally
active recombinant forms of the main secreted
cathepsins  (rFhCL1, rFhCL2, rFhCL3) and

cathepsin B, rFhCB3 as antigens in indirect ELISA
for serological diagnosis of F. hepatica infection in
experimental and natural conditions showed that the
level of antibodies to all three cathepsins L remained
high during chronic invasion, but quickly decreased
after drug treatment, which can be used to assess the
effectiveness of deworming [45, 46].

Currently, the availability of omics studies makes
it possible to study the parasite proteome and use
these data to create new diagnostic kits. To improve
the sensitivity, specificity, or field applicability of
diagnostic kits, a search was performed for serum
and urine biomarkers to determine S. haematobium
invasion [22]. Another study evaluated the possibility
of using milk instead of blood serum for early
diagnosis of fascioliasis in dairy goats [47].

In the study on methods for diagnosing F. hepatica
using ELISA, a group of researchers proposed to use
a multiepitope construct of three protein epitopes
cathepsin L1, a saposin-like protein 2 (SAP-2), and
a 16.5-kDa tegument-associated protein (FhTP16.5),
showing its high antigenicity and specificity [48].
At the same time, cathepsin L1 as a separate marker
can act as a suitable antigen as well [49-52]. Some
researchers studied fractionated parasite cells by
conducting ELISA of proteins of different mass,
rapidly yielding a reproducible method for obtaining
antigens with acceptable sensitivity and specificity
[53].

Monoclonal  antibodies  (MoAb)  against
recombinant F. gigantica glutathione peroxidase
(rtFgGPx) can be used for immunodiagnosis of
both early and advanced fascioliasis in animals and
humans [54, 55], and recombinant adenylate kinase
3 is proposed as a marker for the serodiagnosis of
clonorchiasis [56]. Determining the cathepsin level
in O. viverrini invasion also shows good results
(sensitivity and specificity of 62.1 and 84.1%,
respectively), so it can become an alternative
immunodiagnostic tool for human opisthorchiasis
in endemic areas [57, 58]. The use of monoclonal
antibodies in O. viverrini invasion proved to be
promising due to high diagnostic accuracy with
the possibility of using urine samples instead of
stool samples. Comparison of the concentrations of
monoclonal antibodies in urine samples and stool
samples showed a positive relationship between
antibody concentrations and the number of eggs in
one gram of feces, as well as high specificity [59-61].

In another study that used gold nanoparticles, a
more than 3-fold rise in the sensitivity of the method for
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detecting O. viverrini antigens was achieved compared
to the classical method, increasing the sensitivity to
93.8 vs. 91.3%, respectively. The innovation allowed
to reduce the number of reaction steps, which leads to
a decrease in the waiting time for the results without a
decrease in the quality of the analysis [62].

MOLECULAR GENETIC METHODS

Another method that has become widespread in the
diagnosis of parasitological diseases is the polymerase
chain reaction (PCR), based on detection of parasite
antigens in various samples — blood serum, urine, stool.
When comparing modern invasion detection methods,
PCR surpasses standard microscopy of stool and urine
samples and most often shows fairly high sensitivity
and specificity [41, 46, 63—66]. When compared with
standard methods of parasitological diagnosis, PCR
shows a significant increase in the disease prevalence
[67]. Thus, in a study, PCR revealed 13-15% more
cases of invasion compared to microscopy [68].
With the improvement of methods for extracting
DNA from samples, the sensitivity of the method can
reach 100%. For example, when using the method in
the experiment of mechanical disruption of parasite
eggs by bead beating, a 100% positive result in the
diagnosis of S. haematobium was achieved compared
to 85% using the standard extraction procedure [69].

Along with PCR, recombinase polymerase
amplification (RPA) is carried out, which allows to
increase sensitivity from 66 to 87%, respectively,
with 100% specificity of both methods. In fascioliasis,
RPA helps to detect 47% of infections not detected
by microscopy [70, 71]. The real-time RPA for
diagnosing urogenital schistosomiasis targeting the S.
haematobium Dra 1 sequence had clinical sensitivity
and specificity of 98.4 and 100%, respectively,
compared to the real-time PCR assay also targeting
the Dra 1 sequence [72].

Another modification of PCR is loop-mediated
isothermal amplification (LAMP) — a DNA
amplification technique in one tube, which allows
for molecular diagnosis to be carried out much
cheaper and faster than PCR. A study on diagno-
sing S. haematobium invasion using LAMP
showed similar sensitivity and specificity compared
to PCR (100%). For S. mansoni, sensitivity was
higher for LAMP amplification (100%) than for PCR
(99%) [73]. The same method was used to study
stool specimens from patients with suspected
C. sinensis infection, achieving high sensitivity and
specificity [74].

In another study, traces of F. hepatica infection
were also determined in comparison with the standard
PCR method [75]. This disease is characterized
by difficult detection, often despite the symptoms,
standard parasitological methods do not detect the
presence of eggs. In this article, LAMP analysis
showed a positive reaction even if there was only one
helminth egg in the sample. In addition, visualization
of the result is also quite simple — a color change in the
solution is observed under ultraviolet light. Similar
results were presented in a study comparing classical
parasitological methods (direct wet preparation
and concentration method), PCR, and LAMP for
the diagnosis of F. hepatica in sheep fecal samples
[18]. Also, the LAMP analysis allows to avoid cross-
reactions with other species. In a study evaluating
LAMP for the detection and monitoring of S. mansoni
transmission foci in the intermediate host (snail of the
genus Biomphalaria), the LAMP method was shown
to be three times more efficient than parasitological
testing and more convenient for field use than other
molecular methods [76].

Quite a lot of studies are being carried out to search
for new targets for the diagnosis and differentiation
of various invasions and the search for new antigens
and their combinations [10, 15, 18, 24, 33, 65, 77-84].
As new markers, saposin-like protein [37], miRNAs
isolated from serum extravesicles [85, 86], and
cathepsin L3 are used in schistosomiasis [87], 27-kDa
purified parasite antigen is used in fascioliasis [14],
and intergenic spacer region of F. hepatica DNA [17]
and schistosomule antigen are used in S. mansoni
invasion [88].

The sensitivity of PCR-based methods depends on
the number of copies of the gene, the number of parasite
eggs, the quality of DNA, and PCR inhibitors in the
sample. There are studies on improving PCR methods
by influencing the /752, cox1, and cyb genes [82].

With the ever-improving capabilities of sequencing
and bioinformatics tools for analyzing sequences and
other highly repetitive genomic elements, real-time
PCR as a diagnostic tool is becoming more common.
A cluster analysis of the S. japonicum genome was
carried out, on the basis of which a primer — probe
set was developed. The resulting real-time PCR test
was shown to reliably detect as little as 200 pg of S.
Jjaponicum genomic DNA, and when testing tiny stool
samples containing a single helminth egg, the designed
primer — probe set detected DNA in all samples
[89]. Multiplex real-time PCR for the diagnosis of
S. haematobium and S. mansoni was analyzed on
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serum samples [13]. Sensitivity and specificity values
based on multiplex real-time PCR for diagnosing S.
haematobium and S. mansoni were calculated in the
range of 87.9-100%.

Despite the advances in the use of molecular genetic
methods in the diagnosis of trematodiasis, the study
of new potential targets causes difficulties associated
with insufficient sensitivity and cross-reactions. Thus,
in the study of real-time PCR based on SjR2 and
SJCHGSC19, it was shown that these markers can
be used to diagnose S. mekongi infections in human
blood serum, but the tests had low sensitivity and
cross-reactions with samples positive for S.mansoni
or S. haematobium [16].

IMAGING METHODS

Considerable attention is paid to imaging
technologies in the diagnosis of helminthiases [90].
One study examined cases of appendicitis associated
with schistosomiasis [91]. As a result, the features of
computed tomography (CT) data were determined,
which can be used as criteria for early detection of
S. japonicum — large diameter, calcifications in the
appendix wall together with the sigmoid colon and
calcifications in the caecum, signs of perforation or
abscess. Another study in Africa found that in patients
diagnosed with schistosomiasis based on serological
criteria, standard urinary tract and liver ultrasound is
not informative, and it is possible to simplify clinical
management of these patients [92].

MRI can be used for O. felineus invasion. It is shown
that against the background of invasion, the MRI image
has a characteristic pattern that is not typical of other
diseases of the hepatobiliary tract. [93]. This method
allows to determine areas with the greatest changes,
which will allow to apply these methods in the future in
routine diagnosis of opisthorchiasis. MRI is necessary
for the diagnosis of neuroschistosomiasis in the invasion
by S. japonicum, S. mansoni, and S. haematobium [94].

There are isolated cases in clinical practice when
standard helminthological methods indicate the
absence of invasion, but the endoscopic presentation
allows to visualize release of liver fluke eggs into the
lumen of the large intestine. One study showed that
the histologic examination confirmed the diagnosis
of schistosomiasis — intestinal samples contained
multiple eosinophilic granulomas with S. mansoni
eggs [95]. In individuals infested with S. mansoni,
the effectiveness of point shear-wave elastography of
the liver and spleen and correlation of its results with
ultrasound parameters were shown [96].

As a result of such studies, we can talk about the
auxiliary role of instrumental diagnostic methods that
complement standard microscopic, serological or
molecular biological methods.

OMIX TECHNOLOGIES

Thanks to the development of state-of-the-art
molecular genetic methods, a significant breakthrough
has been achieved in recent years in creating parasite
protein libraries and studying their functions in life
and adaptation to changing environmental conditions.
Studies of the proteome are very important, since
proteins are directly involved in implementation
of genetic information and maintenance of the vital
activity of the parasite, and their composition is
directly determined by helminth and microorganism
ecology.

The studies provided abundant data on .
haematobium proteins at various stages of the parasite
life cycle and conducted a genomic and proteomic
analysis of trematodes [97, 98]. The authors propose
to use a data array to identify diagnostic markers,
including the ones for assessing the intensity of
invasion. As part of another study, a study of O.
viverrini was conducted, three specific proteins
were found — potential markers of O. viverrini [99].
A proteomic analysis of S. mekongi was carried out
along with an analysis of their excretory / secretory
protein composition [100] and proteomic screening of
recombinant egg antigens to determine low-intensity
S. mansoni invasion [30]. "

The number of such studies is growing, the array
of data on proteins and helminth genes increases. As
a result, personalized medicine develops, facilitating
quick and individual diagnosis, identifying the degree
of invasion associated with changes in the body, and
developing point-of-care diagnostic methods and
highly specific screening.

CONCLUSION

Improving the technologies for diagnosing
trematodiasis is a significant task for public health,
which is associated with spread of invasions in various
regions of the world, significant financial costs for
anthelmintic therapy, and monitoring of the disease
in the population. Given the heterogeneity of parasitic
invasions, including clinical variability, genetic
diversity, the presence of different stages of pathology
in the population, and the need for differential
diagnosis of poly-helminth infection, there is a need to
develop highly sensitive and highly specific screening
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tests. The review of the literature showed that in recent
years there has been pronounced research dynamics in
this area. Modern microscopy technologies are being
developed (including digital interpretation of data),
tools for immunological analysis are being improved,
classical methods of molecular genetic detection are
being modified. Considerable attention of researchers
is paid to the role of imaging methods in diagnosing
pathological conditions associated with trematodiasis.
Using omics technologies (diagnostic agents based
on proteomic and metabolomic research methods) as
promising diagnostic tools is discussed.
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