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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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A MULTIPLEX PCR ASSAY FOR THE DIFFERENTIAL DETECTION
OF OPISTHORCHIS FELINEUS AND METORCHIS BILIS

'Smagulova A., ’Katokhin A., *Mambetpayeva B., *Kulmaganbetova N., 'Kiyan V.

!Research Platform of Agricultural Biotechnology, S. Seifullin Kazakh Agrotechnical University, Nur-Sultan, Kazakhstan;
’Institute 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,
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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 ddH,O and stored at — 70°C.

Standard PCR. Fragments of col gene were amplified using
primer pair (OpiOpe2-colF 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)
0. feli COInOf-F: 5'-TTGGAATGATTAGTCATGTTTGTACG-3' 307

. jelineus

COInOf-R: 5'-CCCCACCTATAGTAAAAAGCACTAT-3’
M. bili COInMb- 5-TGTTAATATTGCCGGGGTTTG-3' 252
. DS
F:COInMb-R: 5-TTTATCCCAGTAGGAACACCTATAAC-3’
CO1nOf-F >
NC_011127-0.felineus 7668 GAGGTGTATGTGTTAATATTGCCGGGGTTTGGRATGATTAGTCATGTTTGTACGACTCTA 7728
MT325502-0.felineus-1383-SNKz19-21 271 ........... L s sl fone 330
MT325503-0.felineus-1383-SNKz19-22 271 ........... S 330
FJ423739-M.bilis 16 .en-- s S W c P A § 75
MT325504-M.bilis-1395-SNKz19-31 BT - 7. (R iA..G ........ Sy IR 330
MT325505-M.bilis-1400-SNKz19-32 271 e . A }A..G ........ (i P (RN 330
COInMD-F
NC_011127-0.felineus 7729 ACAGGGAAAGATTCCCTATTTGGTTATGGTGGTTTGGTGTTAGCCATGTTTGCTATAGTT 7788
MT325502-Drfelineus-T88-SNK2T0-21. 331 suioos s o R s s S T T A S5 S 390
MT325503-0.£€1ineus-1383-SNKZ19-22 331 . .cuuutnnuennnennnennaeaneanaeaneeeaeeaaneanneaneeaeeennnans 390
FJ423739-M.bilis 76 T i LTUL AU T ;R 135
MT325504-M.bilis-1395-SNKz19-31 331 LT i (L - IO G e et e e 390
MT325505-M.bilis-1400-SNKz19-32 331 e vmemin s T s G v T 390
NC_011127-0.felineus 7789 TGTTTGGGTAGTGTGGTTTGAGCTCATCATATGTTTACTGTAGGATTAGATTTAGGGACT 7848
MT325502-0.£€1ineus-1383=SNKZ19-21 39L ..t uuentuennnenea e e en e e e e e e e e e e e aeaaeaeeeannnnn 450
MT325503-0.£e1ineus—1383=SNKZ19-22 301 . .touuenuennennneaeeaneaaeaane e e eaaneaaneaeaeaeeannnnnn 450
FJ423739-M.bilis 136 ceenennnn. Covennnnn Bl B ariiCles oo armpasass s T JGCCu wiee G..C. 195
MT325504-M.bilis-1395-SNKz19-31 391 e Caracormsoiarore S S 3 OO oo e TR G..C... 450
MT325505-M.bilis-1400-SNKz19-32 L5 S — Chisasatoss (I o S — O o I I, GLsCaww: 450
NC_011127-0.felineus 7849 7908
MT325502-0.felineus-1383-SNKz19-21 451 510
MT325503-0.felineus-1383-SNKz19-22 451 510
FJ423739-M.bilis 196 255
MT325504-M.bilis-1395-SNKz19-31 451 510
MT325505-M.bilis-1400-SNKz19-32 451 L vy 510
O
NC_011127-0.felineus 7909 TCTTGATTATACATGCTTGCCGGTACTCGAGATCGTCTTTGGGATCCGATTATGTGGTGG 7968
MT325502-0.£e1ineus—1383-SNKZ19-21 511 . .cuuuennuennnennnenneeneanaeenae e aeeaaneanneaneeaeeennaans 570
MT325503-0.£e1ineus—1383=SNKZ19-22 511 . .cuuutnuennnenneennaeaneeaeaee e ate e eaneaneeaeeennanns 570
FJ423739-M.bilis b2 — TN, H— Thoacsmosene Thcwsasaiaso T Rand Gl simsssmrsrssizaios 315
MT325504-M.bilis-1395-SNKz19-31 5 R—— I S, R — o ; R S 570
MT325505-M.bilis-1400-SNKz19-32 518, g e e Curans ; S TR Coonpamnmemamsas 570
CO1nOf-R

NC_011127-0.felineus PTACTGG 8011
MT325502-0.felineus-1383-SNKz219-21 571  +ucuuueeeneahiotenaeaaaaaaannaaaeaaabonnnn. 614
MT325503-0.felineus-1383-SNKz19-22 571  +ucunueeeneahiorannrannneneannceaneenabonnnnn 614

FIA2B8730-MIBITHE =000 BT eeweiBedBhs il e snsesaiaves e G rsmrase 359
MT325504-M.bilis-1395-SNKz19-31 571 .ccu-BooGoeoBuiinocnnonranocaceaBoracfocanan 614
MT325505-M.bhilis-1400-5NKz19-32 571 wewsslasCas iCurrmmnusmrars e iGomrabosoms 614

Fig. 1. COXI 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 25l containing 1* Hot Start PCR Buffer (20
mM KCI, 5 mM (NH,),SO,, 20 mM Tris-HCI, pH 8.3), 2.5 mM
MgCl, and 1 U Maxima Hot Start Taq polymerase (Thermo Sci-
entific, USA), 2 mM of dNTP, 100 pmol of each COXT primer
(COInOf-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 (7ul) 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-
© GMN

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

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 (COInOf-F/R and COInMb-
F/R primers) was carried out in a 25 pl 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
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(1.0, 1.5, 2.0, 2.5 and 5.0 U) in a 25-pl 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 pl, which included 1 pl 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 pl of the reaction solution was mixed with 7 pl
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 25l reaction system was 10 ng/pl,
1 ng/ul, 100 pg/ul, 10 pg/ul, 1 pg/ul, 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 25pl, containing 2ul templates, 4pl
optimal primers with 0.5ul from each forward and reverse primer
(COInOF-F/R or COInMb-F/R), and 1 ul 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).

M 1 2 3 4

300bp —>

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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templates of O. felineus/M. bilis and each specific primer pair
(COInOf-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 uM (data not shown).

M 1 2 3 4
mhﬂ_}=

Fig. 3.Electrophoregram of multiplex PCR with both DNA
from O. felineus and M. bilis: Lane M, DNA ladder (bp); lane 1,
COInOf-F/R primers; lane 2, COInMb-F/R primers; lane 3,
COI1nOf-F/R and COInMb-F/R primers, lane 4, negative control

M I 2 3 4 5 6 7

o -

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

M 1 2 3 4 5 6 7

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

F0WD by =

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
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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.

M 1 2 3 4 5 6

00 bp —>

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/l 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.

M1 2 3 B 5 6 7 8

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.

M I 2 3 4 5 6 7T 8 9 10 11 K+ K-

Bike samphos

Fooo aamplcs

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
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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 /8S-
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 (/7S52) 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 pM, 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

'Smagulova A., *Katokhin A., *Mambetpayeva B., ’Kul-
maganbetova N., 'Kiyan V.

'Research Platform of Agricultural Biotechnology, S. Seifullin
Kazakh Agrotechnical University, Nur-Sultan, Kazakhstan; *In-
stitute of Cytology and Genetics, Siberian Branch of the Russian
Academy of Sciences, Novosibirsk, Russia; Astana 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
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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 25ul 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: COXI, Metorchis bilis, Opisthorchis felineus,
multiplex PCR.

PE3IOME

MYJbTUIUIEKCHBIN MIP-AHAJIU3 JJISI JUDDE-
PEHIIUMAJIBHOI'O OBHAPYKEHWUS OPISTHORCHIS
FELINEUS 1 METORCHIS BILIS

ICmarymnosa A.M., 2Karoxun A.B., ‘MambernaeBa b.C.,
*Kyasmaranéerosa H.M., 'Kusin B.C.

'Kasaxcrkuit azpomexnuueckuti ynusepcumem um. C. Cetighyn-
nuna, HUcenedosamenvckas niamgopma cenbCKoXo3sicmeeHnou
ouomexnonozuu, Hyp-Cynman, *Hucmumym yumonozuu u 2e-
nemuxu Cubupckoeo omoenenus Poccutickou akademuu nayk,
Hosocubupck, Poccusi, SAcmanunckuti MeouyuncKuil ynueepcu-
mem, Hyp-Cynman, Kazaxcman

Opisthorchis felineus w Metorchis bilis - nBa pacupo-
CTPaHEHHBIX HEOOJBUIMX YepBs, KOTOPbIC NapasUTHPYIOT B
JKCJIYHOM ITY3BIPE U KEJIYHBIX IPOTOKAX IEYCHU YCIOBEKA U
IJIOTOAAHBIX ) KHBOTHBIX. Chv7! IapasuTbl CHUTAKOTCA BO36yZ[PI—
TEJISIMU CEpPhEe3HbIX 3a00JICBaHU, TAKUX KAK XOJIAHTHOKapLU-
HoMa. OIHAKO 1O ceif IeHb He HUMEEeTCsl KOMMEPUECKH AOCTYII-
HBIX HAaOOPOB AJIS1 MOJICKYJISIPHON TUArHOCTUKH, CIIOCOOHBIX
OJJHOBPEMEHHO OOHApy)KHUBATh ITHX Iapa3uTOB y UYeIOBEKa.

Ienpio wuccinepoBaHusi sBIseTCS pa3paboTka MyJIbTH-
miexcHoro [TI[P-ananu3a, koTopselii mo3Bonut nuddepenun-
pPOBAaTh3TH IBE OMTUCTOPXO3HBIC HH(PECKIIUH B OTHOM PEAKIINHU.

Paspaboranbl aBe cnenuuyeckue mapel IpaiiMepoB
U1 MYJIbTUIUIEKCHOH MOJMMEpasHoil LenHoW peakiuu
(IILIP) Ha ocHOBE COOTBETCTBYIOUIMX IOCJIEAOBATEIbHO-
cTell MUTOXOHJpHaATIbHOTO reHoma. [Ipenen oOHapy) eHHs
MYJIBTHINIEKCHOTO aHaJIM3a OLCHUBAJICS MyTEeM CEpUUHBIX
pa3Benenuii renomuoit JJHK ucciaenyemsix Tpemaron. M-
¢unupoBaHHbBIe 00pa3Lbl )KEIYH U Kajla 4eJIoBeKa MpoTe-
CTHPOBAHBI C IOMOIIbIO Pa3pabOTAHHOr0 METOAA aHaIU3a.
MyneTuriekcHbiii [TL[P-ananu3 pa3paboran Ha OCHOBE MHTO-
xouapuanbHoit JITHK, koTopas TOUHO U OJIHOBPEMEHHO HJICH-
TUGUIMPYET JBa BUA TPEMATO/ B OAHOI peaKkyy ¢ UCIIOIb-
30BaHHEM KOHKPETHBIX pa3MepoB ¢parmentoB 307 u 252 1.H.
st O. felineus v M. bilis, coorBeTcTBeHHO. MccneoBanbl onTu-
MaJIbHBIC yCJIIOBUA pEAKIIUHU, CHeLlM(quHOCTb U 9YYBCTBUTECIIb-
HOCTb MyabTHILIEKCHOTO [T1[P-ananu3a. Camas Hu3Kast oOHa-
pyxennast konuentpauus JJHK cocrasuia 100 nr s M. bilis u
O. felineus B 25 MKJI peaKIIMOHHOM crcTeMbl. [IpoBeieHHOE HC-
clIeZIoBaHKE MpeICTaBiIsIeT co00i 3 HeKTUBHBII HHCTPYMEHT
Ui ofiHOBpeMeHHoro obHapyxenust O. felineus u M. bilis.
[Ipennaraemslil ananu3 mynsruiuiekcHoit I[P nmorenunans-
HO MOJIe3eH B DIHJCMHOJIOTHYECKHX HCCICIOBAHUIXK, THa-
THOCTHKE M JICYCHUH CMEIIaHHOM OMMCTOPXO3HON HH(DEKITHH.
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BIOLOGICAL CHARACTERIZATION OF BACTERIOPHAGES
AGAINST STREPTOCOCCUS AGALACTIAE

LZRigvava S., *Karumidze N.,'*Kusradze 1., 'Dvalidze T., 'Tatrishvili N., 'Goderdzishvili M.

'G. Eliava Institute of Bacteriophages, Microbiology and Virology;
’Caucasus International University, SEuropean 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,
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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.



