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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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erTxel 60 dRis ganmavlobaSi dozebiT 1/10, 1/100 
da 1/1000 dl

50
, rac Seadgenda 20 mg/kg, 2 mg/kg da 

0,2 mg/kg masaze. sakontrolo jgufis virTagvebi 
(n=10) iRebdnen sasmel wyals. virTagvebi, natriu-
mis fToridis dozis mixedviT, daiyo jguifebad, 
TiToeulSi – 10 cxoveli; maCveneblebis Sefaseba 
xorcieldeboda me-10, me-20, 30-e, 50-e da me-60 DdRes. 
Tavisufalradikaluri procesebis inducireba 
natriumis fToridiT dasturdeboda sisxlis 
Sratis qemiluminescenturi reaqciiT, dienuri 
koniugatebis raodenoba RviZlis qsovilis homo-
genatebSi Sefasda speqtrofotometrulad, xolo 
TiobarbituratmJavas reaqtantebisa - malonuri 
dialdehidis da TiobarbituratmJavas reaqciiT.
dadgenilia maCveneblis momateba dozis 1/10 da 

1/100 dl
50
 SemTxvevaSi luminescenciis intensivo-

bis 30-e dRes da misi Semcireba me-60 dRes, NAD(P)-is 
Н-cotoqromis da reduqtazas momateba RviZlis 
mikrosomul fraqciaSi kvlevis dasawyisSi da 
TandaTanobTi Semcireba 50-e da me-60 dRes orive 
dozis gamoyenebis SemTxvevaSi. Tiobarbiturat-
mJavas reaqtantebis dienuri koniugatebis Sem-
TxvevaSi eqsperimentis yvela vadaze aRiniSna 
matebis tendencia. citoqrom-Р-450 da citoqrom-
b5 momatebuli iyo 30-e dRemde da Semdeg Tan-
daTanobiT mcirdeboda 60-e dRemde. natriumis 
fToridis xangrZlivma Seyvanam SesaZloa gamoiw-
vios toqsikuri produqtebis warmoqmna da hepa-
tocitebis mikrosomuli membranis fermentuli 
aqtivobis Semcireba.

A MULTIPLEX PCR ASSAY FOR THE DIFFERENTIAL DETECTION 
OF OPISTHORCHIS FELINEUS AND METORCHIS BILIS

1Smagulova A., 2Katokhin A., 3Mambetpayeva B., 3Kulmaganbetova N., 1Kiyan V.

1Research Platform of Agricultural Biotechnology, S. Seifullin Kazakh Agrotechnical University, Nur-Sultan, Kazakhstan; 
2Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia; 

3Astana Medical University, Nur-Sultan, Kazakhstan

Trematodes are parasites that have caused severe damage to 
human health since antiquity [1]. There are more than 91 species 
that infect humans and belong to 46 genera all over the world. 
According to their habitat in definitive hosts, they are classified 
as blood flukes, liver flukes, lung flukes, throat fluke, pancreatic 
fluke, and intestinal flukes [2]. Liver flukes belong to the family 
of Opisthorchiidae include 33 genera cause opisthorchiasisin pi-
scivorous mammals, birds, and humans [3]. Human populations 
show high levels of infection with the main three liver fluke 
species within each of their distributional ranges [2]. Up to 680 
million people worldwide are at risk of infection [4]. Recent es-
timates indicate that 45 million people living in Asia and Europe 
are infected, with approximately 35 million C. sinensis cases, 10 
million O. viverrini cases, and 1.2 million cases of O. felineus 
[5-7]. The pathogen M. bilis, which occurs in the same territory 
as O. felineus, has attracted particular attention. It is widely reg-
istered in Russia and Kazakhstan, and there are several cases of 
mixed infections in humans and animals [8-13].

A variety of methods have been established for the effective 
diagnosis of opisthorchiasis infection, which include antigen-
specific enzyme-linked immunosorbent assay (ELISA) [14-16] 
and various other polymerase chain reaction (PCR) technolo-
gies [17-19]. ELISA kits available on the market are not capable 
of the failure of O. felineus and M. bilis species detection in 
opisthorchiasis infection what is one of the major deficiencies. 
There are no commercially available molecular diagnostic kits 
for the simultaneous detection of mixed infections by O. felineus 
and M. bilis. Therefore, there is no clear understanding of the 
distribution of each of these species, their localization in the de-
finitive host and approaches to treatment. The aim of this study 
was, therefore, to establish a multiplex PCR assay for the differ-
ential detection of O. felineus and M. bilis in clinical specimens, 
which will be necessary for the epidemiology, diagnoses, and 
control of trematodes infections.The advantage of this method 
of molecular diagnostics is the high specificity of the reaction, 

the speed of the results obtained, and the possibility of differen-
tial diagnosis of two types of pathogens.

Material and methods. Samples collection and DNA extraction
Samples of adult worms of O. felineus and M. bilis were collect-

ed from the artificially infected Syrian hamsters (Akmola region) 
and infected foxes (Karaganda region) in the territory of Kazakh-
stan. Genomic DNAs were extracted from adult parasites using the 
BioSilica DNA extraction kit (Novosibirsk, Russia), according to 
the manufacturer’s instructions. Duodenal bile and feces samples 
of humans suspected of contracting infectious diseases were kindly 
provided by Astana Infectious Diseases Hospital, Kazakhstan, in 
compliance with patient confidentiality, and stored at −80°C until 
DNA extraction. Sample preparation was carried out according to 
the method of Duenngai K. et al.: a sample (feces - 500 mg, bile 
- 0.5 ml) is mixed with 4 ml of physiological saline and 0.4 ml 
of ethyl acetate, centrifuged at 4000 rpm for 10 min, followed by 
removal of the supernatant [20]. Genomic DNA was extracted from 
bile and feces samples using a method recommended by Duenngai 
K. et al. with some modification. The amount and purity of the ex-
tracted DNA could be determined by measuring absorption at 260 
nm and 280 nm in the NanoDrop 2000 (Thermo Scientific, USA). 
DNA was dissolved in ddH2O and stored at – 70°C.

Standard PCR. Fragments of co1 gene were amplified using 
primer pair (OpiOpe2-co1F 5’-TGGGGAGTTGATTTTTT-
GATGTT-3’ / COI-uniRv 5’-AGCAATAACAAATCAAGTAT-
CATG-3’) for both opisthorchiids in order to reveal species-spe-
cific nucleotide substitutions. The PCR product was sequenced 
and deposited in GenBank (MT325502 - MT325505). 

Species-specific primer design. Based on the COX1 sequenc-
es, genome DNA from O. felineus and M. bilis were designed 
the multiplex PCR primers by targeting conserved sequences 
flanking variable regions with online free available primer pro-
grams PerlPrimer v1.1.21 (http://perlprimer.sourceforge.net) 
and Oligo Analyzer 1.2 software (http://www.genelink.com). 
Details of primer pairs are presented in Table 1. 
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Table 1.Forward and reverse primers used in the multiplex PCR for O. felineus and M. bilis
Species Primers Sequences 5′-3′ Products (bp)

O. felineus
CO1nOf-F: 
CO1nOf-R: 

5′-TTGGAATGATTAGTCATGTTTGTACG-3′
5′-CCCCACCTATAGTAAAAAGCACTAT-3′

307

M. bilis
COInMb-

F:COInMb-R:
5′-TGTTAATATTGCCGGGGTTTG-3′

5′-TTTATCCCAGTAGGAACACCTATAAC-3′
252

Fig. 1. COX1 fragments alignment used for primers design

Separated PCR and the standard conditions. The PCR param-
eters were optimized, and the reaction was carried out in a final 
reaction volume of 25μl containing 1× Hot Start PCR Buffer (20 
mM KCl, 5 mM (NH4)2SO4, 20 mM Tris-HCl, pH 8.3), 2.5 mM 
MgCl2 and 1 U Maxima Hot Start Taq polymerase (Thermo Sci-
entific, USA), 2 mM of dNTP, 100 pmol of each COX1 primer 
(CO1nOf-F/R or COInMb-F/R) and 30 ng extracted trematode 
DNA. In order to detect potential contamination, a PCR mix-
ture with RNA/DNA-free water was regularly used as a nega-
tive control. PCR was performed as follows: denaturation at 
95°C for 5 min, followed by 35 cycles with 30 s denaturation at 
95°C,primer annealing at 59°C for 40 s, and extension at 72°C 
for 50 s with a final extension during 5 min at 72°C; and ampli-
fication products were stored at 4°C until they were visualized. 
PCR products (7μl) were visualized by electrophoresis in 1.5% 
agarose gels that were pre-stained with ethidium bromide (EB) 
and viewed under UV light (VilberLourmat UV-Transillumina-

tor + with Bio-Capt software). The electrophoretic buffer solu-
tion was 1×TAE buffer.

Optimization of multiplex PCR primers. Optimization of the 
primer combinations was based on the specificity of the work of 
primers with DNA pathogens. The amplification of the conserved 
region of the partial COX1 gene of O. felineus and M. bilis using 
100 pmol of each specific primer pair (CO1nOf-F/R and COInMb-
F/R primers) was carried out in a 25 μl reaction volume as described 
above. To examine specificity, the primers were tested together and 
separately with both DNA from O. felineus and M. bilis.

Optimization of multiplex PCR conditions. The multiplex PCR 
reaction is affected by many factors. In order to obtain the best re-
action parameters, the multiplex PCR was optimized by varying 
single parameters while other parameters were maintained. There-
fore, the parameters of the PCR assay were optimized by the vary-
ing temperature of primers annealing (56, 58, 60, 62, 64, 66°C), the 
concentration of dNTPs (0.05-0.5 mM) and Taq DNA polymerase 



178

	
МЕДИЦИНСКИЕ НОВОСТИ ГРУЗИИ

CFMFHSDTKJC CFVTLBWBYJ CBF[KTYB

templates of O. felineus/M. bilis and each specific primer pair 
(CO1nOf-F/R and COInMb-F/R). The results showed that the 
optimal annealing temperature of the multiplex PCR reaction 
was 60 to 62°C (Fig. 4), while the optimal dNTP and Taq Poly-
merase concentrations were 0.3 mM (Fig. 5) and 1.5 U (data 
not shown), respectively. The number of cycles largely deter-
mines the required total duration of the multiplex PCR assay. 
The optimal number of multiplex PCR cycles was 35, which 
is the standard number in this reaction (Fig. 6). In addition, the 
concentrations of each pair of primers were optimized, and the 
results showed that the optimal concentration of each pair of 
oligonucleotide primers was 0.1 μM (data not shown).

Fig. 3.Electrophoregram of multiplex PCR with both DNA 
from O. felineus and M. bilis: Lane M, DNA ladder (bp); lane 1, 
CO1nOf-F/R primers; lane 2, COInMb-F/R primers; lane 3, 
CO1nOf-F/R and COInMb-F/R primers; lane 4, negative control

Fig. 4. Electrophoregram of multiplex PCR products in optimiza-
tion of varying temperature of primers annealing conditions: Lane 
M, DNA ladder (bp); lane 1, 56°C; lane 2, 58°C; lane 3, 60°C; lane 
4, 62°C; lane 5, 64°C; lane 6, 66°C; lane 7, negative control

Fig. 5. Electrophoregram of multiplex PCR products in op-
timization concentration of dNTPs conditions: Lane M, DNA 
ladder (bp); lane 1, 0.05 mM; lane 2, 0.1 mM; lane 3, 0.2 mM; 
lane 4, 0.3 mM; lane 5, 0.4 mM; lane 6, 0.5 mM; lane 7, nega-
tive control

Fig. 6. Electrophoregram of multiplex PCR products in cycles 
optimization conditions: Lane M, DNA ladder (bp); lane 1, 3, 5, 
7, positive control; lane 2, 4, 6, 8, negative control

(1.0, 1.5, 2.0, 2.5 and 5.0 U) in a 25-μl reaction volume. A mix-
ture of the genomic DNA, which contained the same amount of 
genomic DNA of the two types of parasites, was used as a template 
to amplify the corresponding target genes. The total volume of each 
reaction system was 25 μl, which included 1 μl of template DNA 
(about 15 ng of genomic DNA). PCR was performed as follows: 
denaturation at 95°C for 5 min, followed by 25-40 cycles with 15 s 
denaturation at 95°C, primer annealing at 62°C for 25 s, and exten-
sion at 72°C for 30 s with a final extension during 5 min at 72°C. 
After the reaction, 7 μl of the reaction solution was mixed with 7 μl 
of loading buffer for 1.5% agarose gel electrophoresis.

The sensitivity of the multiplex PCR assay. The sensitivity of 
the multiplex PCR assay was evaluated using a tenfold serial 
dilution method. The limit of the multiplex PCR assay detected 
DNA was verified using serial dilutions of mix genomic DNA of 
each parasite in nuclease-free water, and the final DNA concen-
tration for each parasite in a 25μl reaction system was 10 ng/μl, 
1 ng/μl, 100 pg/μl, 10 pg/μl, 1 pg/μl, respectively.

The specificity of the multiplex PCR assay. The specificity of 
the multiplex PCR was verified using genomic DNAs of other 
common worms (Taenia spp., Toxocara spp. and Trichinella 
spp.) inhabiting the intestine of human and genomic DNAs of 
main bacteria (E. coli, Pseudomonas spp. and Bacillus spp.) 
found in the contents of the gallbladder.

Multiplex PCR for the detection of parasites from naturally in-
fected samples. The Multiplex PCR was verified using genomic 
DNAs from human feces and bile as templates. Clinical samples 
were collected from the humans suspected of contracting infectious 
diseases that were kindly provided by Astana Infectious Diseases 
Hospital, Kazakhstan. The multiplex PCR assay was carried out 
in a final reaction mixture of 25μl, containing 2μl templates, 4μl 
optimal primers with 0.5μl from each forward and reverse primer 
(CO1nOf-F/R or COInMb-F/R), and 1 μl Maxima Hot Start Taq 
polymerase (Thermo Scientific, USA), followed by thermal cycling 
conditions and visualization process mentioned above. 

The biosafety ethics for this research was approved by the 
Animal Ethics Committee of Veterinary Medicine Faculty of 
KATU (Ethical approval letter, No. 1, 09.11.2017), before com-
mencing the project.

Results and discussion. The amplification of the genome 
DNA from O. felineus and M. bilis produced products of 709 
bp length. The fragments ~ 345 bp were subjected to sequence 
analysis to design species-specific primers (Fig. 1).

Four species-specific primers produced the DNA fragments 
of 307 bp (O. felineus) or 252 bp (M. bilis) in PCR analysis as 
expected (Fig. 2).

Fig. 2. Electrophoregram of a single PCR under standard 
conditions: Lane M, DNA ladder (bp); lane 1, O. felineus; lane 
3, M. bilis; lane 2, 4, negative control

The multiplex PCR products of mixed templates of the two 
parasites are shown in Fig. 3. The product containing two 
DNA bands (307 and 252 bp) was amplified with mixed DNA 
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The sensitivity of the proposed multiplex PCR assay was 
defined as the minimum DNA molecule concentration, which 
could be detected. DNA standards, which were diluted from 10 
ng to 1 pg, were used for the multiplex PCR. As shown in Fig. 7, 
the detection limit of the multiplex PCR for O. felineus and M. 
bilis was 100 pg, respectively.

Fig. 7. Determination of the sensitivity of the multiplex PCR. 
Lane M, DNA ladder (bp); lanes 1-5, the concentration of each 
O. felineus/M. bilisDNA were 10 ng/1 pg, 1 ng/10 pg, 100 pg/100 
pg, 10 pg/1 ng, 1 pg/10 ng, respectively; lane 6, negative control

In order to confirm the specificity of the multiplex PCR de-
veloped in this study, the genomes of three species of parasites 
(including Taenia spp., Toxocara spp. and Trichinella spp.) and 
three bacteria (E. coli, Pseudomonas spp. and Bacillus spp.) 
were selected as the DNA template for reaction under optimized 
conditions (Fig. 8). The multiplex PCR test was performed with 
the genomes of O. felineus and M. bilis as the template DNA, 
which served as a positive control.

Fig. 8. Test for specificity of the multiplex PCR assay: Lane 
M, DNA ladder (bp); lane 1, positive control; lane 2, nega-
tive control; lane 3, Taenia spp.; lane 4, Toxocara spp.; lane 5, 
Trichinella spp.; lane 6, E. coli; lane 7, Pseudomonas spp.; lane 
8, Bacillus spp

By developed multiplex PCR assay, a total of 9 feces and 2 
human bile samples were tested. Four feces samples tested posi-
tive with a fragment size of about 252 bp identified as M. bilis 
infection (Fig. 9). One feces sample showed a double band with 
a fragment size of about 252 and 307 bp featuring a mix of O. 
felineus and M. bilis infection. Four feces samples showed a 
negative result. Two bile samples showed also showed a double 
band pointing to a mixed of O. felineus and M. bilis infection.

Fig. 9. The PCR results of DNA sample from human feces and 
bile: Lane M, DNA ladder (bp); lane 1-9, feces samples; lane 9, 
10, bile samples; lane K+, positive control; lane K-, negative 
control

Currently, fecal examination for the detection of parasite eggs 
and serological studies by ELISA are the main methods for the 
detection of opisthorchiasis infection. However, these methods 
of diagnosing have some drawbacks. There are very laborious 
and fail to accurately distinguish the species of the pathogen 
[14,21-24].

Molecular methods can be an alternative to the existing 
methods because they have a high sensitivity and specificity, 
cheapness during mass screening, as well as the ability to 
determine the species affiliation at any life stage of the para-
site. It is crucial for the sanitary-epidemiological and envi-
ronmental monitoring. Primer specificity is a critical determi-
nant of the success of a multiplex PCR assay. Pauly A. et al.
reported the use of the part of the mitochondrial cytochrome 
c oxidase I gene for specific detection of adult specimens of 
the opisthorchiid liver fluke species O. felineus and M. bilis 
[17]. Kang S. et al. developed a fast and accurate molecular 
identification system for human-associated liver fluke spe-
cies (Opisthorchis viverrini, Opisthorchis felineus, and Clo-
norchis sinensis) using the PCR-RFLP analysis of the 18S-
ITS1-5.8S nuclear ribosomal DNA region [19]. Brusentsov 
I. et  al. developed multiplex polymerase chain analysis for 
identification of the ribosomal RNA gene cluster fragment 
incorporating internal transcribed spacer 2 (ITS2) of differ-
entiates parasitic diseases induced by O. felineus and M. bills 
[18]. These are all examples of the possible use of PCR meth-
ods for the precise identification of parasites, but the methods 
have not been further developed, have not been commercial-
ized, and have not yet found their practical application.

Mitochondrial genes are amongst the most popular molec-
ular markers that have been widely used in molecular diagno-
ses of parasitic organisms [17,25,26]. Therefore, we explored 
the COX1 genes as molecular markers to develop a multiplex 
PCR assay for the differential detection of O. felineus and M. 
bilis in clinical specimens (Fig. 1). In this study, we devel-
oped a multiplex assay that is sensitive to discriminate and 
diagnose two trematode parasites (O. felineus and M. bilis) 
simultaneously in a single reaction compare to the conven-
tional PCR method. The specificity analysis showed that no 
cross-reactivity was observed between each other (Fig. 3), as 
well as with other worms inhabiting the small intestine [27] 
and main bacterial strains found in various pathologies in the 
bile [28] (Fig. 8).

In most cases, the sensitivity of a multiplex PCR assay will 
be reduced with increased numbers of target genes in the sys-
tem. However, the minimum detected DNA of the proposed 
multiplex PCR assay was 100 pg, low enough to produce re-
sults in case of low DNA yield, which is in agreement with 
the results of previous studies.

For optimization of the multiplex PCR assay, varying tem-
perature of primers annealing, the concentrations of dNTPs 
and Taq DNA polymerase, and, as well as the optimal num-
ber of multiplex PCR cycles, were optimized in this study. 
The concentrations of the primer pairs for O. felineus and 
M. bilis were set at 0.1 μM, and the specificity was judged 
as appropriate. Experimentally established that the optimal 
annealing temperature of the multiplex PCR reaction was 60 
to 62°C, so in further experiments, we used a temperature 
of 62°C. dNTPs are raw materials for the synthesis of target 
fragments. In this study, the target fragments were all 559 
bp, but two were synthesized. Therefore, under consideration 
of obtained results, we recommend a dNTP concentration of 
0.3 mM to amplify the corresponding target fragments. Based 
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on experimental results and cost, the optimal concentration 
of Taq DNA polymerase was recommending 1.5 U per reac-
tion. The optimal number of multiplex PCR cycles was 35, 
which allowed producing the required number of amplicons 
for good visualization of the result in the agarose gel and to 
avoid a false-positive result.

In addition, to determine whether the multiplex PCR as-
say was appropriate for the detection of pathogens in clinical 
samples, 9 feces and 2 human bile samples were tested. The 
results showed that two pathogens (O. felineus and M. bilis) 
were detected in the 1 stool sample and 2 bile samples with 
the proposed multiplex PCR assay. 4 stool samples showed 
the presence of the M. bilis pathogen. 4 stool samples showed 
a negative result. Accordingly, the present results indicated 
that the assay could be used in clinical investigation. 

Conclusion. In conclusion, the multiplex PCR assay is an 
efficient tool for the detection, and simultaneous diagnosis of 
O. felineus and M. bilis trematodes from clinical specimens, 
the lowest limit of detectable DNA was 100 pg for two para-
sites. The developed method of molecular diagnostics will be 
used to study the spread of the O. felineus and M. bilis patho-
gens in humans and animals on the territory of the Republic 
of Kazakhstan and their role in the etiology of opisthorchiasis 
infection. Consequently, this essay will be potentially useful 
in epidemiological studies, diagnosis, and treatment of opis-
thorchiasis infections.
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SUMMARY

A MULTIPLEX PCR ASSAY FOR THE DIFFERENTIAL 
DETECTION OF OPISTHORCHIS FELINEUS AND 
METORCHIS BILIS

1Smagulova A., 2Katokhin A., 3Mambetpayeva B., 3Kul-
maganbetova N., 1Kiyan V.

1Research Platform of Agricultural Biotechnology, S. Seifullin 
Kazakh Agrotechnical University, Nur-Sultan, Kazakhstan; 2In-
stitute of Cytology and Genetics, Siberian Branch of the Russian 
Academy of Sciences, Novosibirsk, Russia; 3Astana Medical 
University, Nur-Sultan, Kazakhstan

Opisthorchis felineus and Metorchis bilis are two common 
small worms that parasitize in the gallbladder and bile ducts 
of the liver of humans and carnivores. These parasites have 
a severe impact on health and are considered pathogens of 
serious diseases worldwide, such as cholangiocarcinoma. 
However, there are still no commercially available molecu-
lar diagnostic kits capable of simultaneously detecting these 
parasites in humans. Therefore, the study aimed to develop 
a multiplex PCR analysis that will differentially determine 
these two opisthorchiasis infections in one reaction. Two spe-
cific primer pairs for a multiplex polymerase chain reaction 
(PCR) were designed based on corresponding mitochondrial 
genome sequences. The multiplex assay detection limit was 
assessed by serial dilutions of the genomic DNAs of trema-
tode worms examined. Naturally, infected samples of human 
bile and feces were tested using the developed assay. A multi-
plex PCR assay was developed based on mitochondrial DNA 
that accurately and simultaneously identifies two trematode 

species in one reaction using specific fragment sizes of 307 
and 252 bp for O. felineus and M. bilis, respectively. The op-
timal reaction conditions, specificity, and sensitivity of the 
multiplex PCR assay were investigated. The lowest DNA 
concentration detected was 100 pg for M. bilis and O. fel-
ineus in a 25μl reaction system. This study provides an effi-
cient tool for the simultaneous detection of O. felineus and M. 
bilis. The proposed multiplex PCR assay will be potentially 
useful in epidemiological studies, diagnosis, and treatment of 
this mixed opisthorchiasis infection.

Keywords: COX1, Metorchis bilis, Opisthorchis felineus, 
multiplex PCR.

РЕЗЮМЕ

МУЛЬТИПЛЕКСНЫЙ ПЦР-АНАЛИЗ ДЛЯ ДИФФЕ-
РЕНЦИАЛЬНОГО ОБНАРУЖЕНИЯ OPISTHORCHIS 
FELINEUS И METORCHIS BILIS 

1Смагулова А.М., 2Катохин А.В., 3Мамбетпаева Б.С., 
3Кульмаганбетова Н.М., 1Киян В.С.
 
1Казахский агротехнический университет им. С. Сейфул-
лина, Исследовательская платформа сельскохозяйственной 
биотехнологии, Нур-Султан; 2Институт цитологии и ге-
нетики Сибирского отделения Российской академии наук, 
Новосибирск, Россия; 3Астанинский медицинский универси-
тет, Нур-Султан, Казахстан

Opisthorchis felineus и Metorchis bilis - два распро-
страненных небольших червя, которые паразитируют в 
желчном пузыре и желчных протоках печени человека и 
плотоядных животных. Эти паразиты считаются возбуди-
телями серьезных заболеваний, таких как холангиокарци-
нома. Однако по сей день не имеется коммерчески доступ-
ных наборов для молекулярной диагностики, способных 
одновременно обнаруживать этих паразитов у человека. 

Целью исследования является разработка мульти-
плексного ПЦР-анализа, который позволит дифференци-
ровать эти две описторхозные инфекции в одной  реакции. 

Разработаны две специфические пары праймеров 
для мультиплексной полимеразной цепной реакции 
(ПЦР) на основе соответствующих последовательно-
стей митохондриального генома. Предел обнаружения 
мультиплексного анализа оценивался путем серийных 
разведений геномной ДНК исследуемых трематод. Ин-
фицированные образцы желчи и кала человека проте-
стированы с помощью разработанного метода анализа. 
Мультиплексный ПЦР-анализ разработан на основе мито-
хондриальной ДНК, которая точно и одновременно иден-
тифицирует два вида трематод в одной реакции с исполь-
зованием конкретных размеров фрагментов 307 и 252 п.н. 
для O. felineus и M. bilis, соответственно. Исследованы опти-
мальные условия реакции, специфичность и чувствитель-
ность мультиплексного ПЦР-анализа. Самая низкая обна-
руженная концентрация ДНК составила 100 пг для M. bilis и 
O. felineus в 25 мкл реакционной системы. Проведенное ис-
следование представляет собой эффективный инструмент 
для одновременного обнаружения O. felineus и M. bilis. 
Предлагаемый анализ мультиплексной ПЦР потенциаль-
но полезен в эпидемиологических исследованиях, диа-
гностике и лечении смешанной описторхозной инфекции.
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reziume 

multipleqsuri pjr-analizi OPISTHORCHIS FEL-
INEUS-is da METORCHIS BILIS-is diferenciuli aR-
moCenisaTvis 

1a.smagulova, 2a.katoxini, 4b.mambetpaeva,   
4n.kulmaganbetova, 1v. kiani

1yazaxeTis s.seifulinis sax. agroteqnikuri uni-
versiteti, soflis meurneobis bioteqnologiis 
kvleviTi platforma, nur-sultani; 2ruseTis mec-
nierebaTa akademiis cimbiris ganyofilebis ci-
tologiisa da genetikis instituti, novosibirski, 
ruseTis federacia; 3astanas samedicino univer-
siteti, nur-sultani, yazaxeTi

Opisthorchis felineus da Metorchis bilis – gavrcelebuli 
mcire zomis QWiebia, romelic parazitobs adamia-
nis da ZuZumwovari cxovelebis naRvlis buStSi 
da RviZlis naRvlis sadinarebSi. Ees parazitebi 
iTvleba seriozuli daavadebebis gamomwvevebad, 
kerZod, qolangiokarcinomis. Tumca, dRemde ar 
moipoveba molekuluri diagnostikis komerciu-
lad xelmisawvdomi nakrebebi, romelic SesaZle-
bels gaxdida am parazitebis erTdroulad aR-
moCenas adamianis organizmSi.
kvlevis mizans warmoadgenda multipleqsuri 

pjr-analizis SemuSaveba, romelic SesaZlebels 
gaxdis am ori opistorqozuli infeqciis dife-
rencirebas erTi reaqciis farglebSi.
Sesabamisi mitoqondriuli genomis Tanmimdev-

robaTa safuZvelze SemuSavebulia praimerebis 
ori specifikuri wyvili multipleqsuri pjr-sTis. 
multipleqsuri analizis aRmoCenis zRvari fas-
deboda sakvlevi trematodebis genomuri rnm-is 
seriuli ganzavebiT. adamianis naRvlis da ga-
navalis identificirebuli nimuSebis testireba 
ganxorcielda analizis SemuSavebuli meTodis 
gamoyenebiT. multipleqsuri pjr-analizi Se-
muSavebulia mitoqondriuli dnm-is safuZvelze, 
romelic zustad da erTdroulad axdens orive 
saxis trematodis identificirebas erTi reaqci-
is farglebSi O. feline-isa da M. bili-sTvis konkre-
tuli zomis fragmentebis gamoyenebiT, Sesaba-
misad, 307 da 252 pg. Seswavlilia multipleqsuri 
pjr-analizis reaqciis optimaluri pirobebi, 
specifikuroba da mgrZnobeloba. dnm-isYyvelaze 
dabalma aRmoCenilma koncentraciam reaqciuli 
sistemisaTvis Seadgina 100 pg M. bili-sTvis da 25 mkl 
O. feline-saTvis. aRwerili kvleva warmoadgens efeq-
tur instruments O. feline-is da M. bili-is erTdrouli 
aRmoCenisaTvis. SemoTavazebuli multipleqsuri 
pjr-analizi potenciurad sasargebloa Sereuli 
opistorqozuli infeqciis epidemiologiuri kvle-
vis, diagnostikisa da mkurnalobisaTvis.

BIOLOGICAL CHARACTERIZATION OF BACTERIOPHAGES 
AGAINST STREPTOCOCCUS AGALACTIAE

1,2Rigvava S., 1,3Karumidze N., 1,3Kusradze I., 1Dvalidze T., 1Tatrishvili N., 1Goderdzishvili M.

1G. Eliava Institute of Bacteriophages, Microbiology and Virology; 
2Caucasus International University; 3European University; Tbilisi, Georgia

Group B Streptococcus (GBS) or Streptococcus agalactiae 
is a Gram-positive, beta-hemolytic, catalase-negative, and fac-
ultative anaerobe coccus, which colonize the gastrointestinal 
and genitourinary tract [1]. GBS species are sub-classified into 
ten serotypes depending on the immunologic reactivity of their 
polysaccharide capsule [2]. Streptococcus agalactiae causes 
serious infection diseases and mostly affects immunocompro-
mised patients with chronic diseases and newborns. Infants can 
be infected during birth from GBS carrier mother, either intra 
utero or during birth rupture of membranes, also through the 
inhalation or swallow of bacteria during the delivery [3]. Cur-
rently, available GBS prevention strategies which are given by 
CDC and its mandatory in Georgia as well will not prevent all 
cases of early-onset disease. Streptococcus agalactiae neonatal 
sepsis risk factors are bacterial colonization; premature birth, 

low weight, membrane rapture; high temperature during labor, 
long dry period, Urinary tract infection, etc. GBS can cause 
infections such as sepsis, pneumonia, and meningitis. A small 
number of newborns recovered from GBS infection have a long-
term disability [3,4].

Antibiotics and especially Penicillin played important role 
in GBS prevention and treatment. But for treatment dramati-
cally increase number of penicillin-allergic patients’ antibiotic 
prophylaxis should be done very carefully and determine the 
penicillin-allergy status of all patients. Erythromycin, Vancomy-
cin, and Clindamycin are recommended for penicillin-allergic 
individuals [5,6].

Uncontrolled use of antibiotics and increase number of anti-
biotic resistance strain renewed the interest of the modern world 
to the alternative antimicrobial agents as are Bacteriophages. 


