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ABSTRACT

Opisthorchiasis is currently widespread not only in the Republic of Kazakhstan but also in many other countries, making
it a significant concern in modern medicine and veterinary science. Accurate diagnosis of this disease is crucial for effective
treatment. The specificity of diagnostic tests relies on antigen preparations that contain various antigens. Our research
focused on studying antigens of different chemical natures derived from the pathogen Opisthorchis felineus. As a result,
we obtained three types of antigens: excretory-secretory (ESA), egg (EA), and somatic (SA). We analyzed their protein
composition and identified the number of major proteins as follows: ESA - 21, SA - 20, and EA - 33. Protein fractions with
molecular weights of 105 and 250 kDa exhibited immunogenic properties. The immunogenic and antigenic properties
of these antigens were confirmed. Mass spectrometry analysis of ESA, which includes 214 secretory proteins from the
parasite, allowed us to identify three highly immunogenic proteins: cathepsin F, glutathione transferase, and paramyosin,

through immunoprecipitation with specific sera.
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1. INTRODUCTION

Many common zoonotic pathogens can be transmitted
through the consumption of raw or partially cooked meat
or fish [1, 2]. Numerous fish species harbor zoonotic liver
flukes, which currently infect over 45 million people world-
wide. Among these, Clonorchis sinensis, Opisthorchis fe-
lineus, and Opisthorchis viverrini (family Opisthorchiidae,
subfamily Opisthorchiinae) are the most significant. Re-
cent studies have highlighted a strong association between
chronic opisthorchiasis and the development of cholangio-
carcinoma. To mitigate the risk of asymptomatic chronic in-
fections, a rapid, reliable, and cost-effective diagnostic test
is recommended for use in local hospitals [3, 4]. Although
cholangiocarcinoma is rare globally, it is highly prevalent
in areas where Opisthorchis viverrini is endemic, such as
northeastern Thailand, which has the highest incidence of
this cancer worldwide [5, 6].

Several diagnostic tests based on serological reactions
have been developed. For instance, a native protein from O.
felineus was used to detect specific antibodies in blood se-
rum, but it proved unsuitable for routine diagnostics due to
its high cost and low specificity. Other methods include the
indirect hemagglutination test, intradermal test, and ELISA,
which utilized a crude somatic extract of adult worms [7].
Among these, ELISA emerged as the most effective method,
correlating well with infection intensity, though its specific-
ity was not thoroughly assessed.

Over time, researchers have developed diagnostic tests
using protein antigens from O. felineus, sourced from adult
worms, excreta, and eggs. These proteins, with molecu-
lar weights of 105, 74, 70, and 64 kDa, respectively, have
shown potential for immunodiagnostics [8-10]. Recombi-

nant antigens are preferable for antibody detection, as they
can be produced on a larger scale, facilitating the develop-
ment of convenient and affordable serological tests. While
detecting trematode eggs in feces or bile remains a reli-
able method, the absence of eggs does not rule out infec-
tion. Consequently, serological methods detecting antibod-
ies in blood serum have been refined. Parasite antigens used
in these methods can be classified into excretory (excre-
tory-secretory) and somatic antigens [11-14]. Current ad-
vancements in opisthorchiasis diagnostics underscore the
potential of studying the immunogenicity of specific pro-
teins in the excretory-secretory and somatic preparations
of O. felineus, and developing highly specific immunologi-
cal test systems based on recombinant antigens. This study
aims to analyze the protein composition of antigenic prepa-
rations from O. felineus of various chemical natures, and
to identify immunogenic proteins through electrophoretic
analysis, immunoblotting, and mass spectrometry.

2. MATERIALS AND METHODS

Obtaining Excretory-Secretory Product (ESP). Viable
O. felineus adults are thoroughly washed to remove traces
of bile and blood using sterile saline solution. They are then
placed in RPMI-1640 medium containing antibiotics and
cultured at 37°C with 5% carbon dioxide for 14-16 hours.
After this initial period, the medium is replaced, and culti-
vation continues for an additional 5-6 days. Following cul-
tivation, the culture medium is purified by centrifugation
and used as the excretory-secretory product (ESP) of the
helminth.

Obtaining Somatic Antigen (SA). Adult sexually ma-
ture O. felineus are washed with physiological solution. The
washed parasites are then placed in a 0.01 M sodium phos-
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phate buffer (pH 7.2) containing 0.45% NaCl, with approx-
imately 1000 individuals per 5 ml of solution. This mixture
is kept at -20°C for 18-24 hours. After thawing for 1 hour at
37°C, the parasites are mechanically homogenized. The sol-
uble protein fraction is separated from the tegment proteins
by centrifugation at 3000 g for 30 minutes. The supernatant
is carefully poured off, and the proteins are precipitated with
30% ammonium sulfate at 6-8°C for 12 hours. The precipi-
tate is collected by centrifugation at 3000 g for 30 minutes,
then dissolved in 2 ml of 0.05 M Tris-HCI (pH 8.2) containing
0.5 M NaCl. This preparation is used as the somatic antigen.

Obtaining Egg Antigen. The culture fluid containing eggs
is first centrifuged at 1000 rpm for 5 minutes. The supernatant
is collected as the excretory-secretory product (ESP), while
the egg sediment is retained. The sediment is washed twice
with sterile saline and then processed to obtain the antigen. To
the egg sediment, 500 pl of 1% DOX RIPA buffer, containing
protease and phosphatase inhibitors, is added. The mixture is
exposed to ultrasound at 4°C with an amplitude of 40, for 30
seconds, twice. Following this, centrifugation is performed at
21,000 rpm for 10 minutes at 4°C. The supernatant obtained
is analyzed for total protein composition and antigenic agents.

Protein concentration in the preparation is determined us-
ing the Bradford assay [15].

Mass Spectrometry. The excretory-secretory antigen was
separated by 10% SDS-PAGE for 25 minutes and visualized

using Coomassie staining before mass spectrometry analy-
sis. The gel bands containing the separated antigen were ex-

cised and washed three times with a solution of 50% aceto-
nitrile and 200 mM ammonium bicarbonate. Gel digestion
was performed following standard protocols. Reduction was
carried out with 10 mM dithiothreitol (DTT) in 100 mM am-
monium bicarbonate at 60°C for 30 minutes, followed by al-
kylation with 20 mM iodoacetamide in 100 mM ammonium
bicarbonate at room temperature for 30 minutes in the dark.
Digestion with trypsin (1 pg, Promega, Madison, WI) was
performed at 30°C overnight. Peptides were extracted from
the gel strips three times using 60% acetonitrile in 0.1% tri-
fluoroacetic acid at 30°C for 30 minutes each time. The sol-
vent was then reduced to 10 pl by vacuum centrifugation. Na-
no-LC/MS/MS was conducted using an LTQ Nano-LC/MS/
MS linear ion trap mass spectrometer (Thermo Electron Cor-
poration) coupled with an 1100 series nano-LC system (Ag-
ilent Technologies). A 75 um x 360 pm PicoFrit nano-LC
column (New Objective, Woburn, MA), packed with 3 um
Magic C18 resin (Michrom Bioresources, Auburn, CA), was
employed. Mass spectra were acquired over a 1.5-hour gra-
dient (solvent A: 0.1% formic acid; solvent B: 90% acetoni-
trile in 0.1% formic acid) using data-dependent acquisition.
The top eight most intense ions in each mass spectrum (mass
range of 300-2000 m/z) were selected for collision-induced
dissociation MS/MS. Dynamic exclusion was set to two rep-
licates with a duration of 0.5 minutes and an exclusion period
of 1.5 minutes. MS/MS spectra were analyzed using a com-
bination of Spectrum Mill (Agilent Technologies) and man-
ual interpretation.
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Figure 1 — Electrophoretic Separation of Antigens from Opisthorchis felineus Waste Products: (A) Excretory-secretory antigen, (B)

Somatic antigen,
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Electrophoresis and Immunoblotting. Electrophoresis was
performed using a gradient polyacrylamide gel with sodium
dodecyl sulfate (SDS) according to the method of J. Laem-
mli on a vertical electrophoresis apparatus (BioRad, USA).
Commercial 4-12% gradient gels (BioRad, USA) were used
for sample separation. The sample dilution buffer was pre-
pared by adding 50 ul of mercaptoethanol to 950 pl of 4x
buffer (BioRad, USA). Samples were diluted in a 1:1 ratio,
boiled for 5 minutes at 100°C, and then cooled. Electropho-
resis was conducted in two stages: initially at 125 V for 10
minutes, followed by 200 V for 30 minutes. After electropho-
resis, the gel was removed from the plates and either stained
or transferred to membranes. The immunoblotting procedure
included the following steps: Electrophoresis: Conducted as
described above. Protein Transfer: Proteins were transferred
from the gel to a PVDF membrane using an Owl VEP-2 im-
munoblotting device (Thermo Scientific, USA) or a 49 BR
device (BioRad, USA), according to the method of H. Tow-
bin. Transfer was performed using Chaps buffer. Immu-
nochemical Detection: The membrane was first incubated in
a 5% BSA solution for 1 hour at room temperature. It was
then washed three times for 5 minutes each in 1x PBST. Fol-
lowing this, the membrane was incubated for 2 hours at room
temperature on a stirrer with a solution of specific antibod-
ies, with dilutions depending on the manufacturer’s instruc-
tions. The membrane was washed three more times and then
incubated with a working dilution of anti-species antibodies
for 1 hour. After washing, the chemiluminescent reaction was
developed. The substrate solution was prepared immediately
before use by mixing HRP Substrate Peroxide Solution and
HRP Substrate Luminol Reagent in a 1:1 ratio.

3. RESULTS

For the studies, we selected only identified O. felineus
adults, which were used to obtain specific antigens. To pre-
pare the excretory-secretory antigen (ESP), viable O. felineus
adults were thoroughly washed to remove traces of bile and
blood with sterile saline. One hundred parasites were then
placed in a culture medium. This resulted in 150 ml of ESP
with a concentration of 1 mg/ml, 2.5 ml of egg antigen with
a protein concentration of 1 mg/ml, and 2 ml of somatic an-
tigen with a concentration of 1.5 mg/ml.

The three types of antigen preparations from O. felineus
adults and their metabolic products were extensively studied
for their protein composition, activity, and specificity. The
protein composition of the antigens was analyzed by sep-
arating the samples using electrophoresis on 4-15% gradi-
ent polyacrylamide gels (PAAG). Staining was performed
according to the instructions provided with the SilverQuest
Staining Kit (Invitrogen). The quantitative analysis of the
protein composition was conducted using Photo-Capt Ver-
sion 12.4 software (VILBER LOURMAT). The detailed re-
sults of the quantitative protein composition of the antigens
are presented in Figure 1.

Figure 1 shows the electrophoretic profiles of antigens
obtained from various Opisthorchis felineus waste products:
Excretory-Secretory Antigen: This preparation contained 21
major proteins with molecular weights of 283, 262, 248, 237,
220,212,178, 119, 73, 67, 63, 55, 53, 51, 47, 46, 38, 30, 28,
27, and 25 kDa. Somatic Antigen: The somatic antigen frac-

tions revealed 20 major proteins with molecular weights of
302,277,266, 255, 195, 163, 150, 143, 119, 102, 92, 82, 72,
63, 54,43, 28,27, 26, and 24 kDa. Egg Antigen: The egg an-
tigen was the most complex, containing approximately 33
major proteins with molecular weights of 313, 304, 283, 274,
254,240,132, 124, 115, 109, 103, 98, 84, 78, 70, 67, 65, 63,
60, 58, 53, 50, 49, 48, 46, 43, 40, 38, 34, 29, 28, 25, and 23
kDa. It is important to note that the electrophoresis method
used primarily detects major proteins. For a more compre-
hensive analysis, including detection of less abundant pro-
teins, more sensitive techniques such as mass spectrometry
should be employed.

The activity of the antigens was assessed using various
ELISA variants. Sera from infected dogs were used as posi-
tive controls, while serum from a healthy animal served as a
negative control. Excretory-Secretory Antigen (ESA): This
antigen demonstrated good activity and specificity. For pos-
itive sera, the average titer was 1:2400 + 0.78. Additionally,
ESA showed sufficient immunogenicity to induce specific an-
tibody formation. In ESA-immunized Syrian hamsters, the ti-
ters were 3440 = 0.76, and in laboratory mice, the titers were
1080 + 0.84. Somatic Antigen: The highest dilution at which
a positive reaction was detected was 1:256. Egg Antigen: The
highest dilution showing a positive reaction was 1:64. This
result indicates that the egg antigen also has good potential
for use in serological reactions.

Based on the results from previous experiments, we con-
ducted additional work to identify immunogenic proteins
within the obtained antigens that can elicit an immune re-
sponse in the host organism during an opisthorchiasis infec-
tion.

Excretory-Secretory Antigen (ESA): Figure 2 shows that
ESA contains a single immunogenic protein fraction with a
molecular weight of approximately 105 kDa. Somatic Anti-
gen (SA): In reactions with positive sera, SA revealed two
immunogenic protein fractions, with molecular weights of
approximately 105 kDa and 250 kDa. Egg Antigen: Similar
results were observed with the egg antigen. Notably, the pro-
tein fraction with a molecular weight of 250 kDa exhibited

the highest activity.
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Figure 2 — Results of Immunoblotting: M — Marker, 1 —
Excretory-Secretory Antigen (ESA), 2, 3 — Somatic Antigen
(SA), 4 — Egg Antigen (EA).

Specificity of Antigens. Excretory-Secretory Antigen
(ESA): This antigen exhibits pronounced immunogenicity
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specifically towards a protein with a molecular weight of 105
kDa. Egg Antigen (EA): This antigen shows significant im-
munogenicity towards a protein with a molecular weight of
250 kDa. Somatic Antigen (SA): This antigen contains both
protein fractions (105 kDa and 250 kDa) because it is derived
from Opisthorchis adults, which produce both excretory and
egg products.

Mass Spectrometric Analysis of Excretory-Secretory
Product. The general composition of the excretory-secretory
product of O. felineus was analyzed using mass spectrome-
try at the Whitehead Institute for Biomedical Research, Cam-
bridge, MA, 02142. The mass spectrometry data were pro-
cessed using Scaffold 4 software. In this analysis, a total of
214 proteins were identified in the excretory-secretory anti-
gen. These proteins include not only those from the excre-
tory-secretory secretions of the parasite but also structural
proteins from the parasite’s marita and internal organs. This
broader protein composition likely results from the partial
death and structural damage of the marita during its cultiva-
tion in nutrient media.

Identification of Immunogenic Proteins in ESA. The im-
munogenic proteins of the excretory-secretory antigen (ESA)
were identified through immunoprecipitation. For this pur-
pose, sera from dogs artificially infected with the Opisthor-
chis pathogen in previous experiments were used. The results
are shown in Figure 3.

Bioinformatic Analysis of Mass Spectrometry Results.
Bioinformatic analysis of the mass spectrometry data was

conducted using Scaffold-4 software and the international
PubMed database. This analysis revealed that, using positive
serum, the highest number of immune complexes formed
with three proteins: cathepsin F, glutathione transferase, and
paramyosin.

Thus, the comprehensive composition of the excretory-se-
cretory antigen was confirmed to include 214 proteins, with
cathepsin F, glutathione transferase, and paramyosin identi-
fied as the most immunogenic.

4. Discussion

Opisthorchiasis is currently widespread not only in the Re-
public of Kazakhstan but also in many other countries, mak-
ing it a significant issue in modern medicine and veterinary
science. The immunology of trematode infections remains one
of the least studied areas, with limited observations and mini-
mal practical data available in the literature.

One major challenge in this field is the restricted access to
excretory and protein components of parasites. The infectious
forms of the pathogen, essential for studying immunological
mechanisms, are often insufficient. Additionally, growing the
parasite in vitro poses significant difficulties, further hindering
progress in this research area. The immunology of Opisthor-
chis infections is closely linked with serology and immuno-
diagnostics, focusing on specific antigens and immunoglob-
ulins as key components [16].

In medical and veterinary laboratories, opisthorchiasis is
diagnosed using physical, coprological, hematological, and
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Figure 3 — Immunoprecipitation results: A — immunoblotting: 1, 2, 3, 4, 5 — positive dog sera, 6 — negative dog serum, 7 —
ESA, 8 — marker; B — protein immunoprecipitation for mass spectrometry.
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serological data. However, the limitations of these diagnos-
tic methods, such as the cyclic release of parasite eggs, var-
ied manifestations of liver disease, and low antibody titers in
some serum samples, complicate accurate diagnosis. Conse-
quently, highly sensitive enzyme-linked immunosorbent as-
say (ELISA) methods are increasingly employed for diag-
nosis. ELISA diagnostics rely on purified specific antigens.

The establishment of industrial production for ELI-
SA-based diagnostic tests requires a substantial number of
reagents, including antigens and antibodies. Currently, anti-
gens are obtained by culturing Opisthorchis maritas in vitro
from artificially infected laboratory animals. However, chal-
lenges such as the difficulty in infecting and maintaining bio-
logical models, along with ethical concerns regarding animal
use in biomedical research, highlight the need for alternative
approaches. Therefore, molecular genetic methods for produc-
ing antigen preparations are increasingly preferred.

To date, there is limited data on the immune response of
the host organism to individual protein antigens of O. felineus
[17]. However, significant research has been conducted on
major antigens of O. viverrini and other trematodes in the
Opisthorchiidae family, which are known to elicit a strong
humoral immune response in humans. Notable among these
antigens are vitellin and cathepsin F [18-26].

Nosov A.A. et al. (2012) investigated the antigenic and
functional properties of the major proteins vitellin and cathep-
sin F in O. felineus. Their study demonstrated the antigenicity
of recombinant proteins with respect to sera from individu-
als with opisthorchiasis [27]. The antigens produced by these
methods exhibit high specificity, homogeneity, and activity,
making them valuable components for designing diagnostic
tests, including ELISA.

Thus, this area of research holds significant relevance and
promise, not only in the Republic of Kazakhstan but also in
other regions where opisthorchiasis is prevalent.

CONCLUSION

As a result of our work, three types of antigens were ob-
tained: excretory-secretory (ESA), egg (EA) and somatic
(SA). Their protein composition was studied and the num-
ber of major proteins was determined: ESA - 21, SA - 20 and
EA - 33. Protein fractions with a molecular weight of 105
and 250 kDa have immunogenic properties. Immunogenic and
antigenic properties of the obtained antigens were proven.
The composition of ESA, which includes 214 protein sub-
stances of the secretory nature of the parasite, was studied by
mass spectrometry. Immunoprecipitation using specific sera
allowed us to identify the three most immunogenic proteins -
cathepsin F, glutathione transferase and paramyosin.
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MN3YYEHUE BEJIKOBOI'O COCTABA AHTHUI'EHHBIX IIPEIIAPATOB BO3BY/JJUTEJ/IA OPISTHORCHIS
FELINEUS PA3JIHYHOH XHMHWYECKOH ITPHPO/IBI.

Asmxan KakcpuibikoB®, Temupian TypcyH6ek, Aiiranbim BexenoBa

Kagpeopa mukpoobuonozuu u ouomexnonozuu, Kasaxckuii acpomexnuueckuii uccieoogamenvcxuii ynusepcumem um. C.

Ceughynnuna, npocnexm JKenuc, 62, Acmana, Kazaxcman.

* ABTOp-KOppecnoHaeHT, JKakchuteikoB A., alikhanzhaxylykov33@gmail.com.

ABCTPAKT

OmnucTopxo3 B HACTOSIIIEE BPEMs IMEET 3HAYUTEIILHOE PaclpocTpaHeHHe He ToabKo B PecryOmike KazaxcraH, HO 1 BO

MHOTHUX JIPYTHX CTpPaHaX MHUPA, TOITOMY IIPEACTABILIET OJIHY U3 OCTPBIX MPOOIEM COBPEMEHHON MEANIIMHBI  BETEPUHAPHH.
JlnarHocTHKa JaHHOTO 3a00JIeBaHMS NMEET PEeIlaroIiee 3HaueHNe T JaTbHEHIIEro IeueHns maueHToB. Creru(uaHoCTb
HCTIONB3YEMBIX JUATHOCTHYECKUX TECTOB 3aBHCUT OT AaHTUTEHHBIX NPENApaToB, K KOTOPBIM OTHOCSATCS aHTUTeHbI. Hamm
HCCIIeIOBAaHNs OBbUIM HALICJICHBI HAa N3yUCHUE AaHTUI'CHOB PA3JIMYHON XUMHUYECKON MIPUPOJIBI, TIOyUYCHHBIX U3 BO30YAUTEIIS
Opisthorchis felineus. B pe3ynprate mpoBeneHHON HaMU paOOTHI OBLIO MOJYYEHO TPH BHUAAa aHTHUTEHOB: YKCKPETOPHO-
cexkpertopHblil (DCA), suunsiii (F1A) u comatmueckuii (CA). M3ydeH ux OENKOBBIA COCTAaB U OMPEACIEHO KOJIUIECTBO
MaxopHbIX O6enkoB: DCA — 21, CA — 20 u A — 33. IMMyHOTCHHBIMU CBOMCTBaMH 00JagaroT OeIKOBBIE (PpaKIiu ¢
MoneKysipHoi Maccort 105 n 250 x/la. Jloka3aHBl IMMYHOTEHHBIE U AHTUT€HHBIE CBOWCTBA MOTYYECHHBIX aHTUTCHOB. MeTo-
JIOM Macc-CIIEKTPOMEeTpHUH u3y4eH coctaB DCA, B COCTaB KOTOPOTO BXOAUT 214 GETKOBBIX BEUIECTB, IMEIOIINX CEKPETOPHYIO
pupoIy napasura. IMMyHonpenunuranys ¢ HCIOIb30BaHUEM CIIEIM(UUECKUX CHIBOPOTOK MO3BOIMIA HACHTH(OUIINPOBATH
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TpHu Hanbosee HNMMYHOTCHBIX OeJIKa — KaTelCHH F, FHIOTaTI/IOH—TpaHC(lJepa?)a " napaMUuO3UH.

Katouessble ciioBa: Opisthorchis felineus, anTurenHble Ipenaparsl, OCIKOBbIA COCTaB, UMMYHOT€HHOCTb, CIICIU(HIHOCTb.
YIK: 636.09:616.995.1:557.21:632.911.2 (083.94)

OPISTHORCHIS FELINEUS KO3JAbIPFBIIIBIHBIH XUMMSLIBIK TABUFATBI OPTYPJII
AHTUTEHJIIK IPEMTAPATTAP/IbIH AKYbBI3/ILIK KYPAMBIH 3EPTTEY

Asnxan JKakcpLibikos®, Temupian TypcyHoek, Aiiranbim BexenoBa

Mukpoouonozusa sxeane duomexnonozusn kageopacwt, C. Ceiipyniun amvinoazol Kaszax azpomexnuxanvix zepmmey
yHugepcumemi, JKenic oanzolnot, 62, Acmana, Kazaxcmarn.

*KoppecnonneHt aBrop, JKakchutblkoB A., alikhanzhaxylykov33@gmail.com.

ABCTPAKT

Kasipri yakpiTTa onmicropxo3 Tek Kazakcran Pecrry0nnkaceiHa FaHa eMec, COHBIMEH KaTap dJIEMHIH KOITeTeH eepiHae
KEH TapayifaH, COHJBIKTAH OMUCTOPXO03 CaJachlHIAFbl 3€PTTEyJep Ka3ipri 3aMaHFbl MEIUIMHA MEH BETEPUHAPHUSHBIH
©3eKTi MocelnesnepiniH 6ipi 60mbIm Tadbaapl. OMUCTOPXO3bI AMATHOCTHKANAY MMAlUEHTTEP I OJJaH dpi eMIey YIIiH oTe
MaHbBI3BL. [IpakTiKama KOMJaHBUIATEH THATHOCTHKAIBIK CHIHAKTAPIBIH TEMIMILTITT aHTUTCHHIH aHTUTEH/IIK IperapaTTapblHa
OafimanbicThl. bi3min 3eprreyimiz Opistorchis felineus KO3IBIPFRIIBIHAH aTBIHFAH OPTYPIi XUMHUSIIBIK TaOUFATTAFBI
AQHTHUTCHJIEPII 3epTTeyTe OaFbITTaIFaH. ATKAapPBUIFaH KYMBICTHIH HOTIDKECIH/IC aHTUTCHICPIIH YII TYPi aIBIH/IBL: SKCKPETOP-
TBIK-CeKpeTopIbIK anTHreH (DCA), xymbIpTKa anTureHi (JKA) xone comatukasik antireH (CA). OnapIpIH aKybI3IbIK KypaMbl
3epTTeim, HeTi3ri 6eToKTapaslH caHbl aHBIKTaIabl: DCA — 21, KA — 20 sxone CA — 33. Monekymsapisik Maccachl 105 sxoHe
250 x/la 6enok ppakuusuIapeIHAa IMMYHOTCHIIK KACHET OOJAaThIHBI aHBIKTAIIBI. AJIBIHFAH aHTUTCHACPIiH UMMYHOTEHIIK
JKOHE aHTUTCHJIIK KacHeTTepi AoMenaeHai. Macc-crieKTpoMeTpusi KOMEriMeH CeKpeTOPIBIK TaOuFaThl 0ap 214 aKybI3IBIK
3arThl KaMTUThIH DCA Kypambl 3eprrenai. TemimMai capbiCynap/ibl KOJIaHy apKbUIbl HMMYHOIMPELUITATALUS PEaKIUSICIHBIH
KOeMeriMeH UMMYHOT€H/Ii )KOFaphl YIII aKybl3 — KaTercuH F, riyTatuoHTpancdepasa :xoHe napaMuO3uH aHbIKTAIIbI.

Kiarri ce3nep: Opisthorchis felineus, anTureH i mpenaparrap, aKybl3 Kypambl, HIMMYHOTCH/TIK, TSITIMILTIK.
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