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PASBPABOTKA U JIABOPATOPHBIE NCIIBITAHUSA
OIIBITHOI'O OBPA3ILIA ABTOMATHU3UPOBAHHOI'O YCTPOMCTBA
A IMATHOCTHUKHU TYBEPKYJIE3A METOAOM IIIP
B PEXXMME PEAJIBHOI'O BPEMEHUA

[IpencraBneHsl pe3ynbTaThl pa3pabOTKH M Ja00PATOPHBIX MCIBITAHHNA ONBITHOTO 00paslia MOPTaTHBHOTO aBTOMa-
THYECKOTO THpubopa AJsl SKCIPECC-TUArHOCTHUKH TYOEpKyJie3a W ONpeNeNieHHs] JIEKapCTBEHHOW YCTOMYMBOCTH
B030yautesi. CucTeMa COCTOMT M3 aHalM3aTropa U OJHOPAa30BOTO KapTPHIPKa, COAEPIKAlIero Bce HeO0OXOIUMBbIe
peareHTHl Ui ipodonoaroToBky K nposeaeHus I11P. TIpotokon aHanuza npenycmarpruBaer 00pabOTKy MOKPOTHI
(ynbTpasBykoBas 0o0paboTka, ym3uc u dkcrpakius JJHK ¢ ucronap3oBaHMeM MarHUTHBIX YacTHIL), TOCIETYIOLIYIO
rHe3noByto I[P B pekuMe peanbHOTrO BpeMEHH s JICTCKIMHM BO30yautens TyOepkynesa (Mycobacterium
tuberculosis) M aHaNN3 MyTaluii TeHa rpoB METOJOM IIaBICHUS 30HIO0B. B 1abopaTOpHBIX HCIIBITAHUSIX Ha 00pa3-
I[aX MOKPOTHI TOKa3aHo, 4To cucTema ycremHo BesiBiIsier AHK Mycobacterium tuberculosis (mumens 1S6110)
C BBICOKOH 4yBCTBUTEIBHOCTBIO, B TOM UYHCIE B 00pa3iax ¢ HU3KOH OaKTepHaIbHOW HAarpy3KOl, 1 KOPPEKTHO HICH-
THQUIPYET MyTalnH, OOYCIOBIHMBAIOIIAE YCTOWYMBOCTh K pupammuiuHy. [Ipym 3TOM BHYTpEHHHI KOHTpPOIb
noaTBepxkaaetT orcyrcreue uHruOuposanus [1L[P. TodHOCTs pe3ysbTaTOB COMOCTABUMA CO CTAHAAPTHBIM Jabopa-
TopHbIM [II[P-ananu3om. TexHonoruueckue IPEUMYLIECTBA CHCTEMbl BKIKYAOT IIOJIHYHD aBTOMATHU3ALUIO
"oT obpasua g0 pesynbrara’ (BpeMs aHalIn3a OKOJIO 2 U) M CHHKEHHE PHCKA KOHTAMHHAI[MU 3a CYET 3aKPBITOTO
KapTpuaXka B CPaBHEHHH C KJIACCHYECKUMH METOJaMH MOJIEKYJIIPHO-TEHETHYECKOro aHamm3a. PaspaboraHHas
wiaTdopma MepcHeKTUBHA U MPUKPOBAaTHOW MATHOCTHKH TyOepKyies3a (MCCIeOBaHMS MO MECTy HaXOXKICHUS
NaluenTa), BKIOYas MyJbTUpe3UcTeHTHbIe (opmbl. [lnaHupyeTcs paciiMpeHHue TMaHead TECTOB Ul BBISBICHUS

YCTOWYMBOCTH HE TOJBKO K pU(AMIIMIMHY, HO U K M30HHA3U1y U PTOPXUHOJIOHAM.

Kniouesvie cnosa: Tybepkyies, MOJIEKyJIsIpHas 3KCIIPecC-AUarHOCTUKA, MOJEKYJIIPHO-TeHETUIECKUH TECT,
ToJIMepa3Has [enHas peakuus, rae3poBas [1L[P, ogHOpa3oBbIil KapTPUIK, TPUKPOBATHAS AUATHOCTHKA,
AHTHOMOTHKOPE3UCTEHTHOCTD, PU()aMIIIINH, H30HHA3H I, PTOPXIHOIOHEI, MOKPOTa

BBEJAEHUE

ITo nanseM [nmobGansHOrO oOTdeTra BceemmpHoU
opraHm3anuu 3apaBooxpaHenus B 2023 1. B Mupe ObI-
70 3apeructpupoBano 10.8 MIH HOBBIX CIIy4aeB Ty-
Oepkynes3a, a ymepio 1.1 MIIH d9eloBeK, 4TO BHOBB
BBIBEJIO 3Ty MH(EKIHUI0 HAa NEPBOE MECTO MO CMEpT-
HOCTH cpenn MH(PEKIMoHHBIX 3a0oneBanuii [1]. Poc-
cuiickas @enepanus B 2021 r. MOKMHYNA CIHCOK
CTpaH ¢ BBICOKUM OpeMeHeM TyOepkyse3a. HecMorps
Ha 3TO, PacIpOCTpaHeHHe MHQEKIUH C JIEKapCTBEH-
HOW YCTOMUYMBOCTBIO BO30YAMTEINSI OCTACTCS BBHI30BOM
JUTSL BCETO MEIUIIMHCKOTO COOOIECTBa. DTOMY CyIIle-
cTBeHHO criocoOcTBoBana mangemus COVID-19 [2].
Ilo manapiM DenepallbHOTO perucTpa OOJMBHBIX TY-
O0epkyne3zoM, B 2021 1. OBIJIO 3aperucTpuUpOBaHO
15604 GompHBIX TYyOEpKylle30M C TOATBEPXKIESHHON
YCTOHYHMBOCTBHIO KaK MUHUMYM K pudamnunuay [3].
PanHee BbIsBIIEHHE YCTOMYMBOCTH K aHTUMHKPOOHBIM

61

npernapaTaM CHOCOOCTBYeT CBOEBPEMEHHOMY Ha3Ha-
YEHUIO WM KOPPEKLMH IIPOTHBOTYOEPKYJIE3HOH Xu-
MHUOTEpaInuH.

Knaccnueckne MeTonpl TMarHOCTHKH TyOepKyJies3a
HUMEIOT psAJl OTpaHUYCHU. MUKpPOCKONHS Ma3Ka MOK-
POTBI OTIIMYAETCS HEBBICOKOM YYBCTBHUTEIBHOCTHIO,
O0COOCHHO TIPH HHU3KOM COJIEP’KaHMH MHKOOAaKTephil
B npobe. KynbrypansHslii MeTon (moceB) — "30510TOi
CTaHAAPT" IMArHOCTHKH U OIpPEIeNCHUS JIEKapCTBEH-
HOW PE3MCTEHTHOCTH — 00JIaZiaeT BHICOKOH YyBCTBU-
TEJBHOCTBIO, OJHAKO TPeOyeT HECKOJIBKUX HEeIeb
Ha POCT KyJIbTyphl. B mocieaHue rojsl HIMPOKOE
pacnpocTpaHeHHEe HOJIYYWIH MOJIEKYJISIPHO-TEHETH-
YEeCKHe METObl AMArHOCTUKHU, HPEXIE BCEro IOJIU-
Mepasnas 1enHas peakuus ([1L[P), mo3Bomstomue BbI-
sBisATh JJHK Mycobacterium tuberculosis B obpasmax
MaIMeHTa B TeYeHNE CUNTAHHBIX YacOB U ONPEENATh
MyTal{, aCCOLMHPOBAaHHBIE C  JIEKAPCTBEHHOM
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ycrolunBoCcThl0, Hampumep, B RRDR-oGmactu
(81 mapa HyKJI€OTHIOB, YIaCTOK IreHa 1poB).

Buenpenue aBromaTtusupoBanubix IIIP-cuctem
C onHOpa3oBbIMU KapTpumkamu (Takux kak Cepheid
GeneXpert MTB/RIF) coBepiiino peBOTIONUIO B IH-
arHoctuke TyOepkynesza [4, 5]. Cuctema GeneXpert
obecnieunBaeT oOHapyxkenue M. tuberculosis m ompe-
JelicHHe YCTOHYMBOCTH K PU(PAMIUIMHY B OIJHOM
aHanmmze 3a ~90 MuH U pexomenmoBana BO3 k npu-
MEHEHHI0 BO MHOTHX cTpaHax. [lomumo GeneXpert,
pa3paboTaHbl ¥ MPUMEHSIOTCS IPYTHe MOJIEKYJISIpHbIE
tectol: JmHEHHBIe JIHK-30mHmB1 (Hain GenoType
MTBDRplus u ap.), n3oTepMuuecKue aMIuTuQUKam-
OHHBIE TeCTHl, a Takxke moptaruBHble [1LIP-mpubopst
tuna Molbio Truenat u ap. HekoTopbie HOBBIE cucTe-
MBI CHOCOOHBI OZHOBPEMEHHO ONpPENeNATh YCTOHYH-
BOCTh K HECKOJIbKMM IpernaparaMm (Hampumep, Xpert
MTB/XDR, FluoroType MTBDR, MeltPro u np.).
TeM He MeHee MHOTHE M3 3THUX PEIICHUH SBIAIOTCA
MMIIOPTHBIMU M JIOPOTOCTOSIIUMH, JIUOO TpeOyroT
nmabopartopHoit WH(PPACTPYKTYphl. AKTyanbHOU 3aja-
Yyel SBIsSeTCS CO3aHNC OTCYECTBCHHBIX MOPTATUBHBIX
MpHOOPOB T MOJIEKYJISIPHON AMarHOCTHUKH TyOepKy-
Ji€3a, NpUroJHbIX JId HUCIIOJB30BaHHA B MECTaX OKa-
3aHAA  MenuiuHCKoW Tmomomu  ("point-of-care"),
Ha OCHOBE IITAMMOB, LUPKYJIUPYIOIUX HAa TEPPUTO-
puu Poccuiickoit @eneparuu [6, 7].

B nannO# paboTe ommchIBaeTCS MOpTATHBHAS aB-
TOMAaTHYECKasi CHCTEMa MOJIEKYJISPHO-TeHETHYECKON
MUArHOCTHKH TyOepKynesa, pa3paboTaHHAst AJIs TPO-
BEJICHUSl aHajlM3a B OJHOPA30BBIX KapTpumkax 0e3
yuactusi omeparopa. [Ipubop obecrmeumBaeT moIHO-
CTBIO aBTOMATHYECKOE BBIICICHUE HYKJIEHHOBBIX
KHCJIOT M3 KIMHUYECKOTO o0pasta (MOKPOTHI HIIH
OpOHXOANBBEONSIPHOTO  JIaBaXKa) H  JETEKIHIO
M. tuberculosis metonom TP B pexxume peanbsHOTO
BpeMeHH, a Takke aHann3 mytanuid JJHK Bo30ymure-
JIs, ACCOLIMUPOBAHHBIX C JIEKAPCTBEHHOW yCTONYUBO-
cTbo. Llenpro pa3paboTku SABISETCSl CO3AAHUE ABTO-
HOMHOW cHcTeMBbl "TpoOa—pe3ynbTar”, CHocoOHOI
3HAYUTEIBHO YCKOPUTH U YHPOCTUTH AUATHOCTUKY
TyOepKyJie3a U BBISBICHUE MYJIbTUPE3UCTEHTHOIO
TyOepKyJie3a B KIIMHUYECKUX YCJIOBUSAX B CPAaBHECHHUU
C HEaBTOMATU3UPOBAHHBIMHM METOAAMH aHAJH3a.
HaCTOHHIaSI CTaTbs NPEACTABIIACT PE3YJIbTAThl UCIIbI-
TaHWH OMBITHOTO OOpas3ma mpubopa W KapTpHUIKA
Cc HCO6XOI[I/IMI)IMI/I peareurtaMu, BKJIIO4Yas OLCHKY €Tro
IarHOCTHYECKOH  3(QQeKTUBHOCTH  (BBISBICHUE
M. tuberculosis B 00pa3max MOKpPOTHI) ¥ CIIOCOOHOCTH
WACHTU(QHUIMPOBATh MYTallUHM, OOYCIIOBIUBAIOIIUE
YCTOMYMBOCTh K OCHOBHBIM INPOTHBOTYOEPKYJIE3HBIM
npenapatamM — pUQpaMIUIMHY, U30HHAa3UAy U (Top-
XMHOJIOHAM [Tl YCTICTITHOW Tepanuu OOJMBHBIX TyOep-
KyJne3oM [8].

OIIMCAHUME KOHCTPYKIINU ITPUBOPA
N PEATEHTHOI'O KAPTPUJKA

Ananuzamop

OnbITHBIM O0pazel] aHamu3aTopa MpelCTaBIseT
co00i TTOPTAaTHBHBIN MPUOOP, PACCUNTAHHBIA Ha pa-
00Ty ¢ OJJHOPA30BBIM KAPTPHIKEM, BHYTPH KOTOPOTO
npoBogutcs aHanu3 (puc. 1). KoHcTpykuus ananu3a-
TOpa MOIYJbHAS: IPYU YCTAaHOBKE KapTpuaxka OoH (hUK-
cUpyeTcsi B mpuOope B CTPOTO 33JaHHOM ITOJIOKEHUH
OTHOCUTEIIbHO OCHOBHBIX MOXYyJeH — MeXaHHu3Ma
MOBOPOTa 30JI0THUKOBOTO KJIallaHa, y3j1a BepTHKAIb-
HOTO INEPEeMEIECHNS MOPILHSI U MOLYJS TEPMOLMKIN-
pOBaHUS C ONTHUYECKON CUCTEMOW NETeKUHUH. Takum
00pa3oM, aHAIM3aTOp BBHINOJIHAET Cpa3y HECKOJIBKO
¢byakmmit: 1) mpuBefeHne B JeiCTBHE BCTPOSHHOTO
B KapTPUIK MUKPOQIIOUJHOTO Hacoca (TIOBOPOTHOTO
KJIaIlaHa C TIOPLIHEM) ISl IEpEeKauynuBaHUs KUIKOCTEH
MEXIy KaMepamH; 2) yOpaBl€HHE MPOLECCOM
skcrpakiun JJHK (Hanpumep, akTHBamms yiIbTpa3By-
KOBOI'O U3JTy4daTejid U NOABCACHUC MAarHUTHOT'O CCIia-
patopa); 3) obOecneuenue [IP-amrndukanum
(marpes/oxnaxnenue [I[[P-unma) w peructparuro
¢yopecuenTHoro curHana. Onruueckas cucTema
mpubopa OcCHamieHa Ha0opoM  (HOTOIETEKTOPOB
M0 YUCIIy UCMOJIBb3yeMbIX (hJIyOPECICHTHBIX KaHAJIOB;
B OINBITHOM 0Opaslie peaif30BaHO O ISTH KaHAJIOB
JETEeKIMH, YTO TIO3BOJISIET OJHOBPEMEHHO OTCIIEKHU-
BaTh HECKOJIBKO MHUILIEHEH M KOHTPOJIb B PEXHUME pe-
alpHOrO BpeMeHH. llpemycMoTpeHo mnporpamMMmHoOe
oOecrieueHue I yIpaBJieHHsS BCEMU dTallaMy aHaJlH-
3a M aBTOMAaTHYECKOW WMHTEpHpeTalreld pe3ysbTaToB
aMIUTH(QHUKALINY.

ABMCATEL NOBOPOTE
JONOTHHKA

NOBOJIOK 3ONOTHHKA

MOAYIAL ONTHYECKOH
AeTeKIHH

MOTY I
TEPMOLHKIHPOBAHNS

OAHOPAIOR LI
KapTPHITK

JIOMEM CHT

moaynes ¥Y3-obpaborkn

KPR

MOJLYIN

JArpyikH

Puc. 1. O6mas cxema yCTpOWCTBa aHAIM3AaTOpa IS MOJIe-
KYJISIPHOH JIMarHOCTHKH TyOepKyie3a M JIpyrux WHQEKIH-
OHHBIX 3a00JICBaHUII.
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PA3PABOTKA U JIABOPATOPHBIE

Kapmpuooc

OpnHOpa3oBBI KAPTPUIK — 3TO MOJMMEPHOE
u37ieNie, BHYTPH KOTOPOTO pa3MElIeH IMOJHBIA KOM-
IUIEKT PeareHTOB, HEOOXOMUMbIX A aHain3a. Kon-
CTPYKIHMSI KapTPHUDKa BKIIFOUACT TPH KIIFOUEBBIX Y371
(puc.2): 1) wHabop (QYHKIMOHATBHBIX  SYEEK-
pe3epByapoB (BKIItOUasi SYCHUKY JJIsi BHECEHUS TPOOBI
U SYEWKH, COAEpIXKAlMe PEarcHTbl — JIM3UPYIOLIUN
Oytep, MPOMBIBOYHBIE PACTBOPHI, IIMOUPYIOLINIA Oy-
tdep, mumodumusupoBanubie peareHThl s [P,
a TaKXe OTHENIbHYIO PEaKTOPHYIO SYEeHKy Ul IpOBe-
nenust [1LP); 2) mukpodaronaasiii [1L[P-uum, repme-
THYHO COEJMHEHHBIH C s9eidKkaMu; 3) IMTOBOPOTHBIN
30JIOTHUKOBBIN KJanaH, OCYHIECTBIISIOUINNA TepeMe-
LICHUE XKUAKOCTEH Mexny suedkamu. Kaprtpumx 3a-
rpy’kaeTcs OnepaTopoM B MpHOOp BPYUHYIO; IIOCIE
9TOTO BCE CTAJMW aHAJIN3a BBITONHAIOTCS aBTOMAaTH-
yecku. l[lepen HauasoM aHamm3a KapTpUIK IepMe-
TUYHO 3aKpbIBaeTCsl B MPUOOpE, TMPOU3BOAUTCS TECT
Ha OTCYTCTBHE YTEUKHM (I0Jadya BO3AyXa IOA IaBiie-
HueM B [II[P-sueiikn) v WHUNMATU3ANMS CUCTEMBI.
B pesepByapax kapTpumka HaxoISTCSI pPEarcHTHI:
YHHUBEpCAIbHBIN Oydep st TMKBU(GUKAINN U JH3UCA
MOKPOTHI (CPEICTBO ISl Pa3KIKEHHUS 1 MHAKTHBALIH
OmomMarepurana), MarHUTHbIE MUKPOYACTHIIBI ¢ PyHK-
MUOHATM3UPOBAHHON IMOBEPXHOCTBIO ISl COpOLUH
JHK, mpomMbiBouHbIe Oydeps! 115 OYNCTKH BBIIETICH-
HBIX HYKJIEMHOBBIX KHCIIOT, JFOCHT JJISl JecopOruu
JHK, a taxxe IIL[P-cmecu (mpaiimepsi, 30H[BI, TEp-
moctabunbHas JIHK-noauMepasa, N1e30KCHHYKICOTH-
OBl U TIp.) JUIA aMIUIM(UKAUK 1eJeBOTo (parMeHTa
JHK M. tuberculosis m BHYTPEHHUX KOHTPOJEH.
B cocraB TecT-cucTeMbl BKIIIOYEH BHYTPEHHUH KOH-
tpoib (BKO). Hammune BKO mo3BomnsieT KOHTpOIH-

HCIIBITAHUSA OIIBITHOI'O OBPA3IIA 63
poBaTh 3¢ (EeKTUBHOCTb BCEX I3TAlloB — OT JIM3UCA
10 aMIUIM(QUKAUH — M OTCIIEKHMBATh BO3MOXKHOE
naruoupoBanue [P B xaxmom obpaszme. OTmmun-
TENBHOW OCOOCHHOCTBIO KapTpUIKa SIBISAETCS] MHTET-
pupoBauHbI Mukpodmronanetii [I1[P-uywm, mpencras-
JISIOUIUN cO00M MUHHMATIOPHBIA OJIOK C OJHUM WM
Heckonbkumu [I1[P-peaktopamu (JryHKamu), B KOTO-
poix mpoucxonut amrumukanms JHK B 3amxHyTOM
ooseme. llocne 3amomHeHHWS pPEaKIUOHHONW CMecH
[TIIIP-nyHKa aBTOMaTUYECKU TE€PMETUIUPYETCS B Kap-
TPUIKE, YTO HUCKIHOYACT HUCHAPCHUC W KOHTAMHUHA-
uto. CTOUT OTMETUTH, YTO B TpOIEcce Pa3padOTKH
KOHCTPYKIIUSI KapTpukKa ONTHMHU3MpOBajach: B Ya-
CTHOCTH, OBIJIa YCOBEpIIIEHCTBOBaHa (popMa W Mexa-
HU3M 30JI0THHUKOBOTO KJlaraHa Juist 00ecrieyeHns MHO-
rocraamitHoi (THe3moBoi) I[P 6e3 pucka pacmpo-
CTPAHEHMsI AMIUIMKOHOB. llepBOHauanbHBIM BapUaHT
KJIarlaHa MMeJI OTKPBITHIM CEKTOp, M3-3a Yero Iocie
mepBoit Qaszer I[P omHa W3 JMyHOK OcTaBamach OT-
KpPBITOM, YBEJIMYMBAs BEPOSTHOCTb KOHTAMUHALUU
mpubopa aMITMKOHaMU. B ombITHOM 00pasie KianaH
J0paboTaH — OH TOJHOCTBIO MEePEKPHIBAET BEHTHIIS-
LUOHHBIE KaHaJIbl BO BpeMs IEPEHOCA KUIKOCTEH,
Onarogapst uemy kaxnas [II[P-nynka ocraercs 3a-
KPBITOH IOCJIE 3alOJHEHHUS W PUCK KOHTaMUHALUHU
aAMIIMKOHAMH CBEJIEH K MUHUMYMY.

IMPOTOKOJI ABTOMATHUYECKOI'O AHAJIM3A
OT OBPA3LIA 10 PE3VIJIbTATA

AHanm3 BBINIOJHACTCS 1O NPEIBAPHTEIHLHO 3aIpo-
rpaMMHPOBaHHOMY TNpoToKoiy. Huke ommcaHbl oc-
HOBHBIE JTambl 00pabOTKM KIMHHYECKOTO o0pasima
MOKPOTBI BHYTPU CUCTEMBI.

Puc. 2. OOmmii BUA KapTpHKa YCTPOWCTBA IS aBTOMATHYECKOTO BBIICIICHUS,

ourctkn M amiumdukanun ydactkoB JAHK M. tuberculosis

C perucrpanuen

Pe3YNBTATOB B PEKUME PEaJbHOTO BPEMEHH.

1 — ocHOBaHHE C €MKOCTAMHU-pe3epByapamu; 2

KpbIllIKa C KaluJuigpamMu

JUIsl IBVMDKEHMS JKUJIKOCTH; 3 — BEHTHWISALMOHHBIE KOJOALBL, 4 — (GUIbTPYIOIIUI
aneMeHT; 5 — sguediku st nposenenus I1LP; 6 — kpblmka U oTBepcTHE HOA HEH
(mopT) [Tt BBEAEeHUS POOBI; 7 — TMOBOPOTHBIN KiIallaH
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3aepyska npodol

Bpau nnm mabopaHT BpydHYrO coOmpaeT oOpaszeln
MOKpPOTBHI [TALIMEHTA B CTEPWIBHBIN KOHTeHHEp. [lepen
3arpy3Kod B KapTPUIK MOKPOTY HpPEABAPUTEIHHO
CMEIIIMBAIOT CO CIEHUAIbHBIM JIM3UPYIOIUM Oyde-
POM B COOTHOMIEHHH | : 2 M MHKYOUPYIOT OKOJIO TISITH
MHHYT IIPM KOMHATHOM TeMIIepaType Ul Pa3kKuKe-
HUS Bsi3koro Matepuaia. llomydeHHyro oOpaboTan-
Hylo cmech (B oOweme 2.0-2.5 wmi) HaOupaioT
JI03aTOpOM  WJIM OJIHOpa3oBoM mnurneTkod Ilacrepa
1 BHOCAT B IIPUEMHYIO KaMepy KapTpuiKa dyepes crie-
LUaIbHOE 3arpy304HOE OTBEPCTHE IOJ KPBILIIKOM.
[locne sToro KapTpu K MOMEIIAaeTCs B aHAIM3ATOP,
KpBIIIKa pruOopa 3aKphIBaETCSI — 3allyCKaeTcsl aBTo-
MaTHYECKHH [TUKJ aHAJINA3A.

Jluzuc u éviceoboaicoenue JJHK

B aBTomarnueckoil cucTteMe pealrn30BaH METO[
BBIACJICHUA HYKJICMHOBBIX KHCJIOT, ONMCaHHBIN
R. Boom u coaBropamu [9], ¢ Mmogudukammsamu. [Ips-
MO B KapTpHUJIXKE OCYIECTRIsIeTCs 00paboTka 0Opasia
JUTS WHAKTHBAIINA MHUKOOAKTEpUH W OCBOOOXKICHUS
nx JIHK. K peakTopHO#i sdeiike, Ky/la MOCTyMaeT 00-
pasell, BIUIOTHYIO MpUieraeT yJIbTPa3ByKOBOHW H3IY-
qarenb. AHAIM3aTOp I'E€HEPUPYET CEPHUIO0 YIbTPa3BY-
KOBBIX HMMITYJIbCOB, NEPCAABACMBIX YCPE3 CTCHKY
SIMEWKU: IJIMTENbHOCTh uMMIylbca ~1 ¢, may3a 1 c,
cymmapHo okono 40-60 mmmynscoB. Takas ymbTpa-
3BYKOBasi COHUKAaLUsl NPUBOAUT K MEXaHHYECKOMY
paspylieHu0 Kinetok M. tuberculosis, pa3KuKECHUIO
MOKpoThl U moBbiieHn0 Beixoga JIHK. Cormacuo
IIPOBEIEHHON HAMM OILICHKE, IPUMEHEHHE YIIbTPa3By-
Ka B KapTpUIKE TO3BOJACT YBCINYUTHL KOJHNYECCTBO
BBIENIEHHON MuKkoOakTepuanbHoit JIHK mpumepHO
B 10 pa3 mo cpaBHEHHIO C HECOHHUPOBAHHBIM 00pas3-
oM. BpermeoncanHas 00paboTka WHAKTHBHPYET
MHUKOOAKTepUH, 4YTO MOBBIMIAET OHOOE30MacHOCTD
aHanm3a u cHwkaeT naruonposanue [1L[P.

Oxempaxyus J[HK ¢ ucnonvzosanuem
MA2HUMHBIX YACMUY

[Mocne sTana nu3nca npudOp NEPexXoUT K aBTOMa-
THUYECKOMY  BBIIEJICHUIO  HYKJIEHMHOBBIX  KHCJIOT.
B kapTtpumxe mnpeaycMOTpeHbI MarHUTHBIE MHUKPO-
gactuiel (MMY) co crienuanbHBIM MOKPBITHEM, CITO-
cobnbM cBs3biBaTh JTHK. Ananuzatop mocpeactBoM
BCTPOEHHOI'0 BpAIIAIOIIETOCs KJalaHa M MOPIIHS
MOCJIEI0BAaTENIbHO paclpe/iensieT XUIKOCTh U3 peak-
TOpa Mo APYTHM KamepaM KapTpuaKa: cHadana obpa-
3€l] CMEIIMBAETCS ¢ MAarHUTHBIMU YaCTHULIAMH, 3aTE€M
yactuilbl ¢ ajgcopoupoannoii JIHK mnepenocsrces
B IIPOMBIBOYHYIO Kamepy. sl mepeMeneHus XxuaKo-
CTEH UCIOJIb3YETCSl TOBOPOTHBIA 30J0THUKOBBINA KJla-

[IaH: OH OPHUEHTUPYETCs HaJ HYXHOW SYEHKOH, Mop-
OIeHb BHYTPH KJallaHA OIIyCKAeTCs, BBITpYyKas
U3 STYeUKU 3aJ]aHHBIA 00bEM KHIKOCTH 32 CUET CO3/1a-
BAa€MOr0 OTPHULATEIBHOIO [ABJICHHA, 3aTeM KJalaH
[IOBOPAYMBAETCA K LENEBOU sYEHKE U MOPIICHb BBI-
JaBIIUBACT KHUIKOCTh. TakuMm 00pa3oM, peamu3yercs
(yHKIMS CBOEOOPAa3HOTO MHUKpOIITpHIa. B MpoMeI-
BOYHOU sYeiiKke MPUOOp C MOMOMIBI0 TOCTOSHHOTO
Mar"ura, IMOJBOAMMOIO K BHENIHEW CTOpOHE Kap-
TpUIXKa, yaepkuBaeT MarHuTHble dactuiel ¢ JIHK
Ha CTEHKe, TOrZa KaK >KUAKOCTh OTOMpaeTcs Kiara-
HOM U ypansercs. [locrmenoBaTenbHO BBINOIHIETCS
HECKOJIBKO 3TallOB NPOMBIBKM — BBEJIEHHE IPOMBI-
BOYHBIX Oy(epoB 1 UX yJalleHue — JIJIs1 OYUCTKH COp-
o6uposannoii IHK ot uaruburopos u npumeceii. [lo-
CJIe IPOMBIBOK YacCTHUIIBI MIEPEBOAATCS BO BTOPYIO Ka-
Mepy, rae ocymectpisiercs rorus JJHK: noGars-
eTcsl HeOONBIION 00BEM 3JIFOEHTa, B KOTOPOM HYK-
JIEMHOBBIE KHCIOTHI IECOPOMPYIOTCS C YACTHIL. 3aTeM
ouunieHHsli moar ¢ JJHK mukobaktepuii 3arpyxa-
ercs B [I[[P-kamepy c nnoumIm3npoBaHHBIMH pea-
TeHTaMH JJ1s1 aMIUTH()UKALHH.

Amnaugpurayus (cnezoosas I11]P)

[Nomyuennas peakunoHHast cmechb (dmoar ¢ JJHK +
peareHTsl) aBTOMAaTHW4ecku pasiuBaerca mo [ILIP-
JYHKaM  MHKPO(IIOUAHOTO  YHWIa  KapTpPHKa.
B omeiTHOM 00pasme peann3zoBaHa JABYXCTaifHAS
raeznoBas [ILP (nested PCR) mis moBbitieHust ayB-
CTBUTEILHOCTH. [[JIs1 3TOro B KapTpUIKe MPEeayCcMOT-
peHbl 1o kpaiiHerd mepe ase [ILIP-sueliku: B onHOU
mpoucxoaut 1-s1 ¢asza I[P — mepBuuHOE BocTpom3-
Benenne JJHK-mummeHn ¢ uCIIOIb30BaHUEM BHEIIHHX
MpaiiMepoB; 3aTeM YacTh TMOJYYEHHBIX AMITJIMKOHOB
aBTOMAaTHYECKH MEPEHOCHUTCS BO BTOPYIO SYEHKY, TIE
TOTOBUTCSI cMech Juis 2-ii ¢assl [ILP ¢ BHyTpeHHUME
(nested) mpaiimepamu. JIByxdasHas amrutuduKaus
MO3BOJIIET JAETEKTUPOBATh AK€ E€IWHUYHBIE KOIHHU
JHK M. tuberculosis m YacTHYHO HUBEIHPOBATH
BIMSIHUE BO3MOXKHBIX HMHTHOWUTOPOB, OCTAIOLIMXCSI
B npobe mocie 3kcTpakuuu. B ¢unansHON KOHDHUTY-
pammu mporokona kKaxnmas (aza [P mpoBoamiack
B 30 OUKIJIOB, MPOAYKTHI 1-if (a3sl pa3daBisuIMCh PH-
omusurenpHO B mpomopuwu 1 : 200 mms 2-i dassl
Tepmanenbiii npoduis TP (TemnepaTypHbie pexu-
MBI JICHATYpaLUH, OTXKUra U 3JIOHrallii) aHAJIOTHYEH
crangaptHeiM III[P B pexume peanbHOr0 BPEMEHHU.
Bpemennsie 3arpatbl Ha o0a dTama aMIUTH(DHUKAIAN
U IPOMEXKYTOYHBIA IIEPEHOC HEBEIUKU, U IIOIHBIN
[UKJI aHAJIA3a YKIIAABIBAETCS B MpEAenax JIByX 4acoB.
[Tocne 3anonnenus kaxaou ITHP-nyHku knanan kap-
TpHUIXKa IOBOPAYMBAETCS B IOJIOKEHUE TIepMeTH3a-
LMW, UCKJIIOYas KOHTAKT JYHKH C BHEUIHEH cpenoi
BO BpeMsl aMILTU(HUKAIINH.
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,Z]emem;uﬂ u urnmepnpemayus pesyibmamoe

TepmouuknupoBanue B IIP-unne conpoBoxaa-
eTcs peructpanueil GpryopeciieHTHOTO CHI'Hajla B pe-
aTbHOM BpeMeHHU. B TecT-cructeme 1eneBoil pparMeHt
JHK M. tuberculosis — 3TO MyJNbTUKONUIHAS TIO-
cienoBatenbHOCTh [S6110, ammumndukanus KOTOPOU
JneTekTupyercsa no kaHamy FAM (ucnonb3yercs 30HI
¢ metkoit FAM). OnHOBpEMEHHO BO BTOPOM KaHale
(manmpumep HEX) peructpupyercs ammmpukanys
JHK Baytpennero xontpois (BKO). IIporpamMmmHuoe
o0ecrieyeHne aHaIM3aTopa CTPOUT KPHBBIE HAKOILIE-
HUSI MIPOAYKTA; MO AOCTHXEHUU TOPOTOBOTO YPOBHS
thmyopectiennim BeiBoAuTcs pesynbrat [ILP: momo-
KUTEIbHBINA (0OHapyxeHo [S6110) wmu oTpULIATEINb-
HBIH (He OOHApYXEeHO, MPU YCIOBUU TOJIOKHUTEIHHON
peakiun  BKO). B cnywae npByxcramgmitaoi III[P
Ha BbIXoJe ()OPMHPYETCS CBOJHBIN BBIBOJ C yYETOM
obeunx az. Jlns onpeneneHus JeKapCTBEHHONW YCTOMW-
YUBOCTU K PUPAMITUIMHY peau30BaH JOTOIHUTEIb-
HBI aHaIN3 MPOJYKTOB aMIUTU(UKAIMN TeHa 7poB.
[ocne 3aBepmienus [P npubop BBIMOMHSET aHAIH3
KPUBBIX TUIABJICHHUS 30HA0B (melt curve analysis) mms
BBISBIICHHsT ToueuHbIX MyTanuii B RRDR-obmacTm.
B tecToBoil cucTeMe NPUMEHEHBI HECKOJIBKO 30H0B-
MOJIEKYJISIPHBIX MasKOB, KOMIUIEMEHTapHBIX pPa3iny-
HbIM yyacTkaM RRDR; uaMenenus temreparyp Ijias-
JIEHUSI 3THX 30HIOB IPU CBS3KE C aMIUIMKOHOM YKa-
3BIBAIOT Ha TPUCYTCTBUE MyTanuu. Hampumep, mis
MYTaHTOB ¢ 3aMmeHOW Serd53I/Leu (ogHa W3 caMbIX
YacThIX MyTauui pupaMIUIUH-yCTOWIMBOTO TyOep-
Kyjne3a, ~75% choydaeB) XapaKTepHO YBEIUYCHUE
TeMIepaTypsl IUIaBieHus 3o0HAa P-4 Ha 6.9 °C
M0 CPAaBHEHHIO C TUKUM THIIOM. AHaIN3aTOp PErucT-
pUpYeT KpHBbIE IIJIaBJICHHUS B HECKOJBKUX OITHYE-
CKUX KaHaJlaX, COOTBETCTBYIOUIMX KaXKIOMY OTAEIb-
HOMY 30HAY, U COIOCTaBJISIET MOJTY4YEHHbIC 3HAUCHUS
TEMIIEpPATyphI [UIaBlIeHus 1, C STAJIOHHBIMH JJIS1 AUKOTO
tuna. Ha ocHOBe 3TOrO omnpexaensercs,, MpUCyTCTBYET
mu mytanus B RRDR u xakoro pona (B rpaHumax fe-
TEeKTHpYyeMBbIX no3unuit 516, 526, 531 u ap.). Pesyns-
TaT O YCTOMYMBOCTH K PHU(YAMIHUIMHY BBIAAETCS
B Qopmate: "pudamnunnH-ycToiunBeIi" (pu oOHa-
pyXeHun MyTanuw) b0 "pUpaMIHIMH-IYBCT-
BUTENBHBIN" (MyTanus He oOHapykeHa). Ha artame
OTIBITHOTO 00pa3siia MeTOo/T MPOAEMOHCTPUPOBAI pabo-
TOCIIOCOOHOCTh W TIOKa3aJl IEPCIEKTUBHOCTD IS
pacmpocTpaHeHusl Ha Apyrue npenapaTel. AHAIOTHY-
HBIM 00pa30M IUTaHUPYETCS] Peann30BaTh ACTEKLHIO
MyTanuii reHoB katG/inhA (u3oHuasun) u gyrA
(bTOPXHUHOIOHEI), T.€. PACIIMPHUTH OTHOPA30OBBINA Kap-
TPUIDK JOTIONIHUTEIBHBIMH peareHTaMu/30HIaMu IS
OJTHOBPEMEHHOI'0 OIIpENeNICHUs HECKOJbKHX MyTa-
UUH, acCCOUMUPOBAHHBIX C YCTOWYMBOCTBIO K He-
CKOJIbKUM aHTHOMOTHKAM B paMKaxX OJHOIO aHaju3a,
YTO NPOIUKTOBAHO IOTPEOHOCTHIO IMPAKTHYECKOTO
3npaBooxpanenus [10].
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METO/IVKA UCIILITAHUI Y OB bEKTHI

Obvexmul uccieooearull

JlabopaTopHble WCHBITAaHUS OMBITHOTO OO0pasia
nprbopa MPOBOIMINCH Ha KIIMHUYECKUX MPoOax MOK-
POTHI, MOJyYEHHBIX OT IAIMEHTOB C MOATBEP)KICH-
HBIM JTHarHO30M "TyOepKyse3 JeTKuXx" ¢ MX COTJIAcHsI
M0 yCTaHOBJIIEHHOW (opMe JIOKaNbHBIM STHYECKUM
komutretroM OI'BY "HMMUIL] OITN" Munzapasa PO.
B wactHOCTH, B HCClleZOBaHKE BKIIOYAIUCH IMPOOBI
MOKpPOTHl OT OONBHBIX, y KOTOPBIX TPHCYTCTBHE
M. tuberculosis paHee ObUIO MOJITBEPKICHO METOJIa-
mu [IP (tect-cucrema "Amrumry06-PB") w/mmm
KYJIbTYPaJIbHO, & TAK¥Ke MPOOBI OT YCIIOBHO 37I0POBBIX
JIOHOPOB (OTpHIaTeNnbHBIe MO0 TyOepkynesy). Bce
00pasibl 10 TOCTAHOBKH TeCTa XPAaHHWJIKCH B XOJIO-
mubHuKe (+4°C) He Oonee 1-2 cyTok wim 3amopa-
xuBanuch npu —20°C 11l MOCIeayomero aHanusa.
[lepen 3arpy3koii B mpuOOp MOKpOTa CMEIIMBaIach
C YHHBEpCAJIBHBIM JIH3UpYyROmuM Oydepom 1 : 2, kak
ONMCAHO BBINIE. AHaNM3bl MPOBOAMINCH Ha Oase
m1abopaToOpruu MOJEKYISIPHO-ONOTOTHIECKIX METO/IOB
OI'bY "HMUL] OITN" Munsapasa PO.

Hcnvimanue na oonapyoicenue M. tuberculosis

Jlyis olleHKU pabOTOCIIOCOOHOCTH CHUCTEMBI B pe-
KUMe JeTeKIHd BO30ymuTens TyOepKynne3a Obun
0T06paHI>I KaK IOJIOKUTCJIILHBIC, TaK U OTPULATCIIb-
HbIE KIMHUYECKue oOpasipbl. YacTb MOJOKHUTEIbHBIX
npod wuMena BBICOKYIO OakTepHallbHYIO Harpysky,
IpyTre — HU3KYI0 (eqUHUYHBIE OaKTEepPHH, TTONO0XKH-
TeNbHBIE TONBKO KyibTypasibHo win [ILP). Bcero
Ha ONBITHOM NPUOOPE TPOTECTUPOBAHO 6 00Pa3IOB
MOKPOTBHI H 5 00pa3noB OpOHX0-albBEOIIIPHOTO
naBaxka (BAJI) ms unentuduxanun M. tuberculosis.
Kaxnprit  oOpasery mapauienbHO — aHAJHM3UPOBAIH
pedepentHsiM MeTogoM — [P B pexume peanbHO-
To BpeMeHH Ha KoMMepueckoM Habope ("' AMIUTYO-
PB") c¢ okcrpakmueir JHK wmeromom denon—
XJ10po(hOpM HITH Ha KOJOHKAX.

Hcnvimanue na evisigneHue mymayuii
JIeKAPCMBEHHOU YCMOUYUBOCU

Jis  mpoBepku  PabOTOCIOCOOHOCTH  CHCTEMBI
B PeXHME OINpeIeTIeHHs yCTOHYMBOCTH K pU(aMIH-
uuHy Obuia copmupoBana BeiOOpKa u3 20 00pasLos
MOKpPOTBI, COJepKanX pH()aMITUIH-YCTOHYNBBIE
mramMmbl M. tuberculosis (mytanuu B RRDR rpoB),
YTO MOATBEpKIanochk craHgapTHbeIM [II[P-ananuzom
"Ammuty0-PB" u cexkBeHupoBaHueMm. B nmaHHYyIO
TPyNIy BOLLIM KIMHUYECKHE NPOOBI OT OOJNBHBIX
¢ ycraHoBieHHBIM auarHozoM MIIY-TB (mHOXeEcT-
BEHHas JIEKApCTBEHHAsl YCTOMYMBOCTH TyOepKyiesa),
OOJIBIIMHCTBO M3 KOTOPBIX MMEIN HM3BECTHBIE MyTa-
uun rpoB (S531L, H526D/Y u np.). Kpome Toro,
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TECTUPOBAIUCH HECKOJIBKO 00Pa31IoB C JIEKapCTBEHHO-
YyBCTBUTENBHBIM TYOEpKylne3oM (AMKHA THIT 7poB)
U KOHTpoIs ciennuaHocTH. Bee mpoObl aHanmm3u-
pOBaJIMCh Ha OMBITHOM NPUOOpPE C UCIOJIb30BAaHHEM
OJHOPA30BBIX KapTPUIKEH, OCHAIIEHHBIX 3SKCIEpPH-
MEHTaJIbHBIM HAa0OpPOM pEareHTOB Uil BBISBICHUS
MyTanuid rpoB (4 MOJEKYJISpHBIX 30HAA 0 YHCITY
OCHOBHBIX HEJEBbIX MO3ULMI MyTaluii). PesynbTarsl
nprOOp CpaBHUBAJ C 3TAIOHHBIMU JTAHHBIMH IO KaXK-
JIoMy 00pa3ity.

PE3VJIbTATBI U X AHAJIN3

Jlemexyus M. tuberculosis

B xone nabopaTOpHBIX UCIBITAHUI OMBITHBIN TPH-
00p TMPOAEMOHCTPHUPOBAJ CIIOCOOHOCTH HAJIEKHO
obonapyxuBate JIHK Bo30yautens tyOepkynesa
B 0o0Opasmax Mokpotsl wim bAJL. Bee mporecTupoBan-
HbIC  TIOJIOXKUTENbHBICE  MPOOBI,  COJCpXKABIINE
M. tuberculosis, nanu TONOXUTENBHBIA pe3yabTaT
Ha Mpudope, OTPHUIATENbHBIE KOHTPOJIBHBIE TPOOBI —
OTpHUIATEIbHBIN (MPH 3TOM B HUX YCIEUIHO aMIUIH-
¢urupoBancs BKO). B Tabn. 1 mpuBeneHsl naHHBIE
CepuH MapajuieNIbHBIX UCTIBITAHUI ONBITHOTO 00pasia:
pe3yibTaThl aHAJIM30B Ha NPUOOPE CONOCTAaBIICHBI
¢ nmanHbIMU pedepentHoro III[P-tecta. Kak BumHO,
HaOIIFOJaeTCA TOJTHOE COOTBETCTBHE — MPHOOp He
Jajl HU OJHOTO JIOXKHOTO pe3yibTaTa B JaHHOW BbI-
O0opke. B wactHOCTH, 00pasel; ¢ HU3KOH KOHIIEHTpa-
meit MBT (Ne 2609243) Obut ompeneneH Kak IMOJO-
KUTENBHBIA KaK HAaIlMM MpUOOpOM, Tak U pedepeHt-
HBIM MeTonoM. OTpuIaTenbHbIE 10 TyOepKyie3y 00-
pasupsl (Hampumep, Ne 2609241) KOPpEKTHO WAEHTH-

A. TI. TKAYYK u np.

¢unmupoBaHsl NPUOOPOM Kak OTpHULATENbHBIE (IIPH
Hagnunu curHaiza BKO).

Takum 00pa3oMm, YyBCTBHTEIBHOCTH M crieluduy-
HOCTb jAeTekiuu M. tuberculosis Ha ONBITHOM 00pasiie,
MO TIpe/IBAPUTEILHBIM OLIEHKaM, HAXOAATCS Ha YPOBHE
100% mo cpaBHenuro ¢ jaboparopHoii [II[P, ogHako
TOUYHBIE MMOKa3aTedn OyAyT yCTAaHOBJIEHBI Ha PaCHIH-
PEHHOM BBIOOPKE B pPaMKaX KJIMHHYECKUX UCIIBITAHUM,

Buisisnenue mymayuii ycmotuiuugocmu
K puchamnuyuny

OnbITHBIA 00pa3el] CHUCTEMBI YCIENIHO MPOIIeN
MPOBEPKY Ha CITOCOOHOCTh MACHTU(DHUIINPOBATH MyTa-
LWY, CBSI3aHHBIE C JICKAPCTBEHHOW YCTOMYMBOCTHIO
MukobakTepuii. B 20 mpoaHanmu3npoBaHHBIX MPHOO-
poM pHUaMIHUIINH-YCTOWIUBBIX 00pa3iax MOKPOTEHI
BO BCEX CiTydasx ObUIH 3a(UKCHPOBAHBI M3MEHEHUS
KPUBBIX IIIABJICHUS 30HAOB, CBHIETEIbCTBYIOLIUE
0 HAJIMYUU MyTalui B y4acTKe rpoB.

[lomy4yeHHBIE THIBI CIBUIOB TEMIIEpATypbl ILIAB-
JICHHSI COOTBETCTBOBAJIM KOHKPETHBIM MYTAIMSIM: TaK,
CIABUI' TEMIIEpaTyphl IJIABJIEHUS N0 30HAY P-2 xapak-
TepeH Tonbko st mytammu AspS16Tyr. Casur T,
o P-3 BO3HMKaeT NMpu HaIMYMK MyTaluil B KOJOHAaX
526 u 531. [Ina muddepeniupoBkn MyTtanuid mo 526
n 531 xomoHy HeoOxommmo cpaBHeHue c 1, P-4:
cABUT 10 P-4 BO3HUKAET TOJBKO IPHU MyTalUsX B KO-
noHax 531 um 533, cnepoBarenbHO, IPU OTCYTCTBUU
casura T, no P-4 cneur T, no P-3 xapakrtepeH TOJb-
KO aya MyTtauuid B 526 konoHe. Bce pe3ynbTaThl,
MOJTydYeHHbIE Ha TIPUOOpe, COBIIAIM C JaHHBIMU pede-
PEHC-METOJIOB: MyTanuu rpoB OB 0OHApPYKEHBI
BO BCEX 3aBEJOMO PE3MCTEHTHBIX 00paslax M OTCYT-
CTBOB&JIU B 3aBEJOMO YyBCTBHUTEJIbHBIX.

Ta6u. 1. CBoaHble naHHBIC aHamH3a 00pasioB MOKPOTHl U BAJI ¢ momolipio pa3paboTaHHOro Habopa pPearcHTOB

B aBTOMAaTUYCCKOM aHAJIM3aToOpC

Ne o6pasma Pe3ynpTaT o 1aHHBIM MHK- PesynpraT aHanu3a, NOIy4YeHHBINH CoorseTcTBHE
POOHOJIOTMIECKOTO aHAIN3A. Ha onbITHOM oOpasie (B [TIP-sueiikax) pe3yIbTaToB
Hamune MBT/Harpyska BKO MTB (IS6110)
2609241 — / OTCYTCTBYET + - COOTBETCTBYET
2609242 + / BBICOKAS + + COOTBETCTBYET
2609243 + / HU3Kas + + COOTBETCTBYET
2609244 +/ BBICOKAs + + COOTBETCTBYET
2709241 — / OTCYTCTBYET + - COOTBETCTBYET
2709242 — / OTCYyTCTBYET + - COOTBETCTBYET
5902230050 + / HA3Kas + + COOTBETCTBYET
5902230067 + / HU3Kas + + COOTBETCTBYET
1002230046 — / OTCYTCTBYET + - COOTBETCTBYET
1602230072 + / HA3Kas + + COOTBETCTBYET
2102230038 + / BEICOKad + + COOTBETCTBYET
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Taba. 2. PesynapraThl AeTeKIMHM MyTaluil ImyTeM CpaBHEHMsS TemnepaTyp 7, IUIaBICHHMS 30HIOB, CBS3aHHBIX

¢ ammmnduurposanaeiM yuactkomM RRDR rena rpoB

MyTanuu B KOJOHAX TemmepaTypbl IUIaBICHHS THOPHAN30BAHHBIX 30HIOB
P-2 P-3 P-4
T, °C (AT, °C)* T, °C AT, °C T, °C AT, °C

be3 myranuit

(4yBCTBHUTENBHBI K pH- 70.4 — 71.7 — 63.7 -
aMIWIUHY)
516 Asp/Tyr 66.2 -4 71.7 — 63.4 -
526 His/Arg 70.6 - 69.7 -2.0 64.8 -
526 His/Asn 70.0 - 68.2 -3.5 64.2 -
526 His/Leu 69.6 - 67.8 -39 64.2 -
531 Ser/Leu 71.0 - 69.4 2.3 70.6 +6.9
533 Leu/Pro 69.8 — 71.6 — 58.5 -5.2

* — yKa3aHa pa3HUIla OTHOCUTEIHHO TEMIIepaTyphl IUIABICHUS 30HI0B ¢ 00pasia 0e3 MyTauuii.

Bonee Toro, ucrnonb30BaHUE HECKONBKHUX 30HJOB
MO3BOJIMJIO  TIpeABapUTENbHO  udepeHnnpoBaTh
KOHKpPETHbIE BapraHThl MyTauuii. O0paboTaHHbIe yC-
peIHEHHbIE TaHHBIE 10 TeMIlepaType IUIaBICHUS VIS
pa3HBIX THUIIOB MyTallMii IPUBEICHEI B Ta0MI. 2.

Taknum 00pa3om, METOTMKA aHAM3a KPUBBIX IUIaB-
JIeHHWs1 B KapTpUIDKE MPOAEMOHCTpUpoBalia padoTo-
CIOCOOHOCTh TPHU HICHTHU(PHUKAIMN OCHOBHBIX MYyTa-
muil  pudaMIUIMHOBON  ycroitumBocTH M. tuber-
culosis.

OBCYXJEHHUE

Oyenka pe3y1bmamos ucnvblmanus npubopa

PesynbraThl MCIBITAHWH OIMBITHOTO OOpasma IMpH-
O0opa u KapTpuka ¢ HaOOPOM PEarcHTOB MOJTBEP-
KAAI0T NPUHIUIHATIBHYIO PEeaIi3yeMOCTh KOHIETIINT
"aBTOMaTHUECKas J1abopaTopust B KapTpuixke' TpH-
MEHHUTENIFHO K JAHMarHoctuke Tybepkynesa. Cucrema
IPOJEMOHCTPUPOBAa BBICOKYIO UYyBCTBUTEIBHOCTD
B obHapyxenun M. tuberculosis JTHK — ucnonb3o-
BaHue rHe3oBoi TP no3BonmiIo JOCTUTHYTh TOPO-
ra ACTCKINU, COMMOCTABUMOTIO C JIYyYIIMMHU KOMMEpUC-
ckumH Tectamu. [lo HammM AaHHBIM, TIPU HOMOIIH
THE3/I0BOTO I10/IXO/1d B COYETAHUH C YJIbTPa3BYKOBBIM
JIM3UCOM yJaeTcs BBIABIATH mopsaka 10°—10° komwmii
mukobakrepuansHoit JJTHK B mpobe odremom ~1 mi
(uto sKkBUBaNeHTHO ~1—10 MHKOOaKkTepusM B TIONE
3peHust Ma3zka). IT0 0COOEHHO BaYKHO JUIS TUATHOCTH-
KA CKpBITBIX (OpM TyOepKyje3a W BHEJIErOYHOTO
TyOepkyne3a. CriennUIHOCT, METOJa TaKXe Haxo-
JIUTCSL HA BBICOKOM YPOBHE: IpaliMepbl U 30H]IbI CHC-
TEMbl HAIlICJICHbBI HAa YHUKAJIbHYHO HWHCCPIHOHHYIO
nocnenoBaTensHocTh  IS6110,  mpuCyTCTBYFOIIYIO
TOJILKO y MHUKOOaKTepuii TyOepKye3a, 4TO MCKIIoYa-
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€T JIOXKHOIIOJIOXKUTCIIbHBIC PCAKIIUU. B ucnertanusx
HE OTMEYEHO HH OJHOTO CITydasl JIOXKHOIIOJIOXKUTEIb-
HoWt nerekuuu M. tuberculosis — Bce OTpUIIATENIbHBIC
npoOBl JTaTl OTPHULATENBHBIM Pe3yJabTaT HpPU KOp-
PEKTHOM cpabaThIBAHUN BHYTPEHHETO KOHTPOJISL.
OTnenbHOTO BHUMaHMUS 3aCITy)KHBaeT 00CYXKIEeHUE
BO3MOXHOCTEH Tpubopa B IUIaHE OMNpeEAeICHUs Jie-
KapCTBEHHOW yCTOWYMBOCTH. B mnpeacTaBieHHOM
OIIBITHOM 00paslie pear30BaHO BBISBICHUE YCTOWYH-

BOCTH K pH(aMIHIMHY — KIIOYEBOMY Mpenapary,
0 KOTOPOMY, KaK TNpPaBWIO, CYISAT O MYJIbTHPE3H-
CTEHTHOCTH TyOepkyne3a. MeToauka OCHOBaHA

Ha TIPUHIINIIE BBIABICHUS MYTaIldil B TOpS4YEil TOUKe
reHa rpoB, KOTOPBI JaBHO 3apEKOMEHIOBAJT Ce0sl Kak
HaJIeKHbIM MOJIEKYJISIpHBIA  Mapkep: Oonee  95%
MITAMMOB, YCTOWYHBBIX K pU(aAMIUINHY, HECYT MYy-
taniuu uMeHHO B RRDR rpoB [11]. Ham mnoaxon
C aHAJIM30M KPHUBBIX TUTABIICHHS 30HIOB aHAJIOTHYEH,
o cyTtH, ucnoiszyemomy B Xpert MTB/RIF u nmpyrux
cuctemax (Hain, Genoscholar m T.1.), HO uMeeT
U TIpeUMYIIecTBa, HallpUMep, HECKOJIBKO 30HJIOB IIO-
3BOJISIIOT UG dEPEeHIIMPOBaTh pa3Hble MYyTallld, YTO
JaeT JIONOJHUTEIbHYI0 HWH(pOpPMAIMI0 O Tpoduie
pe3ucTeHTHOCTH. [IpeaBapuTenbHble HCTIBITAHUS T10-
Ka3aJId MOJTHOE COOTBETCTBHE PE3YNHTATOB OIpeIeie-
HUIO 7poB-myTtanuii pedepeHCHBIME METOIaMH, T.e.
BBICOKYIO CHEIM(PUIHOCT, M YYBCTBUTEIBHOCTH OII-
peneneHus pupaMIUIIMHOBONW YCTONYNBOCTH.

Boszmoxxcnocmu onpedenenus ycmoudugocmu
K U30HUA3UOY U (DMOPXUHOTIOHAM

Ha asrane onbiTHOrO 00pasiia B TECT-CHCTEME I10JI-
HOCTBIO peaNn30BaHa TOJMBKO JETEKINs MyTalllii TeHa
rpoB. Tem He MeHee, METOJUYECKUE MOAXObI, 3aJI0-
JKCHHBIC B CI/ICTeMy, IIO3BOJIAKOT aHAJIOT'MYHBIM 06pa—
30M BBISIBIIATH W JIPYTHe€ MYyTallMd JIeKapCTBEHHOW
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ycroituuBoct M. tuberculosis. TIpuHIMI OCHOBaH
Ha aMIUIM(UKALMK ONpPEAETICHHBIX YYacTKOB IeHoMa
MHUKOOAKTEpUH C MOCIEAYIOIIUM aHAJIM30M IPOAYK-
TOB C IOMOIIbIO CHEIUDUISCKUX OJIMTOHYKIICOTH/I-
HBIX 30HIOB. B wacTtHOCTH, 11 M30HMA3UAA TAKUMHU
MUILIEHIMH SIBISIOTCS MyTaluu TeHa katG (TMo3umust
Ser315Thr) u mpomotopa inhAd, a mist GpropxuHOIO-
HOB — wMmyTauuu B gyrdA (T.H. QRDR-o6macts).
B mepcnextuBe npexamonaraercs IONOJHHUTH Kap-
TPUIK peareHTamu (TmpaiiMepaMu M 30HAAMH) IS
JIETEKIIMH JAHHBIX MYyTAlWi, YTO NPEBPATUT CUCTEMY
B MYJBTUTECTOBYIO, aHAJIOTHYHYIO N0 (DYHKLIHMOHAITY
Jy4dliuM ~ 3apyOekHbIM  oOpasimam  (HamojoOwue
Xpert MTB/XDR wnu ruOpuan3aiiOHHOTO aHAIH3A).

Hama cucrema u3Ha4anbpHO cO3[aBasiaCh MOMIYJIb-
HOW M TMOKOH: ONTHYECKHH OJIOK € MATHIO KaHAIAMHU
ACTCKIUN TIO03BOJISACT HPHU HAJIUYKUU COOTBETCTBYIO-
HIMX PEareHTOB Mapajie]bHO aMILUTU(QHUINPOBATh He-
CKOIIbKO  MmuineHed.  JloOaBmenme  eme — 1-2
[MLP-peakunii (Hanpumep, Ansi reHoB katG, gyrA)
B KapTpHUDK HE IMPEJCTaBiseT NMPUHLMINAIBHBIX 3a-
TpyIHEHUH, yuuTblBas 3anac no uuciy IIIP-nyHOK
Y KaHaJOB JIeTeKIMH. TakuM o0pa3oM, B JaIbHEHIIIEM
npubop MoxeT ObITh nopaboTaH A0 YpPOBHS ILIAT-
(hOopMBI TSI TUATHOCTHKH TyOepKyine3a C IIHPOKOH
MaHEJBI0 JIEKAPCTBEHHOM yCTOMYMBOCTH, BIUIOTh
70 OTpe/eieHus] MYJIBTUPE3UCTEHTHOIO U OJKCTpe-
MaJbHO pe3UcTeHTHoro Tybepkyneza (MJITY/ILITY-
Th) B ogHom ananuse. [IpoBeneHHble HaMu MpeaBa-
pUTEIbHBIE OSKCIEPUMEHTHl IOATBEPXKIAIOT, YTO
pa3palboTaHHbI TIPUOOpP M MpOrpaMMHOE oOecreue-
HUE TOTOBBHI K paciuupenuto nanenu. Tak, [TIP-meTon
C HCIIOJIb30BAaHMEM 30HJOB Ha APYIMX I'€HaX MHUKO-
Oaktepuii (Hanpumep, katG) ycnemHo anpoOUpoBaH
Ha MakeTe npudopa, U OXHUIAETCSl €ro BHEIPEHHUE
B CIIEAYIOIIEH BEPCHM TeCT-CUCTeMbL. Takum oOpa-
30M, co3iaHHas TuiatdopMa o0iamaeT BBICOKAM ITO-
TCHIUAJIOM 14 KOMIIIEKCHOM AUarHOCTHUKU JICKApCT-
BEHHO-YCTOIUMBOIO TyOEpKyJesa.

TexHonorn4Yeckre MpenMyIIecTBa pa3padoTaHHOM
CHCTEMBI BKIIOYAIOT HE TOJBKO €€ JTHarHOCTHUYECKHE
XapaKTepUCTUKU, HO M YyNOOCTBO MCIOJIb30BAaHUS
u Oe3omacHOCTh. [Ipubop paccuntaH Ha PUMEHEHHE
HETIOCPEACTBEHHO B MECTax OKa3aHWs IOMOLIA
(B cmoTpoBOoM KaOuHeTe, MpOLEIYypHOH, W T.II.),
T.e. TO KOHIenmuu point-of-care. Omnepatopy
HE Tpe6yeTc;1 BBIIIOJIHATH CJIOKHBIX MaHI/IHYHHIlI/Iﬁ —
JOCTaTOYHO MOMECTHTh TPOOY MOKPOTHI B KapTPUIK
W 3alyCTUTh aHaiu3. Bce MOTeHIManbHO ONacHbIE
sTanbl (JIU3MC, WHAKTUBAIUS NATOTeHa, aMIutnduka-
LUsT) TIPOUCXOMAT BHYTPH 3aKPHITOTO KapTPHUIPKA, UTO
MUHHMHU3UPYET PHUCK WHOPHUIMPOBAHHUSA IIepcoHaa
W KOHTAMHMHAIIMM IIOMEIIECHUs BO30YAMTENIEM MU
ammnkoHamu. [locne 3aBepileHHs aHaNHU3a HCIOJb-
30BaHHBIA KaPTPUIK MOXKET OBITh 0€30MacHO yTHIIH-
3WpoBaH Kak WH(pEKIHOHHEIN oTx0x. [Ipexycmorpena
BO3MOXHOCTb BCTPOCHHOM JIe3MH(EKINU JOTKa MpH-

OOpHOTO OTCeKa TOCie W3BJICYEHUS KapTpHUIDKa
(mampumep, mocpeactoM Y D-m3nmydeHus WM odpa-
0OTKOI1 1e3pacTBOPOM), UTO JOTIONHUTENBHO O0ecte-
YHBAET SMUAEMHUOIOTMYECKYI0 0€30MacHOCTh MpH Ce-
PHUIHOM MCIIOJIB30BaHUU IpHOOpa.

ABTOHOMHOCTh U MOOWJIBHOCTh MPUOOpA TAKKE
SIBJISIIOTCSL 3HAUMMBIMHU TIpEUMYLIECTBaMH. AHalIMu3a-
TOp UMEET OTHOCUTEIHLHO HEOOJbIINE pa3Mephl U Bec,
MOJKET TpPAHCIIOPTHUPOBATECSI B MEPEHOCHOM Keice.
OHepronoTpebieHne HEBBICOKO; BO3MOXKHO THTaHHE
Kak oT cetu ~220 B, Tak u OT MOPTaTHBHOTO UCTOY-
HHUKA (aKKyMYJISITOpa), YTO Ba>KHO IS IIOJIEBBIX YCIIO-
Buil. Bce peareHTHl cTaOMIM3MPOBaHBI B KapTPUIKE
(MTMoUIM3NPOBaHbI), CPOK WX XPAHEHUS IPH KOM-
HATHOM TeMmIeparype COCTaBJsIeT HE MEHEe HECKOIIb-
KHX MECSALEB, a IPU XOJIOAWIBHOM XpaHEeHUH — 1 rox
u Oonee (3TM MapameTpbl €lle YTOUHSIOTCS). Takum
00pa3oM, CUCTEMY MOXHO MPHUMEHSTh B OTJIAJICHHBIX
pernoHax, MOOWIBHBIX  NPOTUBOTYOEPKYIIE3HBIX
Jaboparopusx, npu O0OCIEOBAaHMM MUTPAHTOB, 3a-
KJIIOYEHHBIX U 1p., A€ Pa3BepPThIBAaHUE ITOJHOLEHHOM
J1a00PaTOPUU 3aTPYAHUTEIILHO.

3AKJIIOYEHUE

B pamxax Hacrosmei paboTsl pazpaboTaH U HU3ro-
TOBJICH OMBITHBIN 00pasel aBTOMaTU3UPOBAHHOM CHC-
TEMBI ISl MOJIEKYIAPHO-TeHETUUECKOW ITUAarHOCTHUKHU
TyOepKyJne3a, BKIIOYarollel MOPTaTHBHBIM aHanu3a-
TOp W OJHOPA30BBIN KapTpUmK ¢ peareHTamu. Jlabo-
paTopHBIE HUCTBITAHHUS TMOATBEPAMIN PabOTOCIIOCO0-
HOCTh CHCTeMBl: oOHa ycnemHo Bbienser JIHK
M. tuberculosis w3 HaTUBHBIX 00pa3OB MOKPOTHI
u BAJI 1 oOHapy>KuBaeT LeseBOi (pparMeHT METOI0M
rHe3goBoit  [II[P-PB, oOecreunBasi 4yBCTBHUTENb-
HOCTBb, COITOCTAaBUMYIO C TPpaJUIITMOHHBIMHU MCTOJaMMU.
BceTpoeHHbI BHYTpEHHUH KOHTPOJIb M ONTUMHU3aLUA
MPOTOKOJIAa TIO3BOJIMINA JOOMTHCS BBICOKOW HAAEKHO-
CTH Pe3yNbTaTOB Ja)Ke Ha CIOXHBIX o0pasuax. Peanu-
30BaH TaKKe METOA MOJICKYJSIPHOW  JEeTEeKLUH
pUQaMITUIIMH-PE3UCTEHTHOCTH ~ MUKOOakTepuit  —
UACHTUQUKALUSA MyTallMid IreHa rpoB 1Mo M3MEHEHHIO
TEMIICPATYPHI IJIABJICHUA CIICHUAJIBHBIX 30HIOB, —
KOTOPBIH ITOKa3aJl MOJIHOE COOTBETCTBHUE AAHHBIM pe-
(hepeHCHOTO aHaju3a.

ITony4yeHHbIE PE3yNIBTATHI IEMOHCTPUPYIOT CYIIE-
CTBEHHBIE TEXHOJIOTHYECKHE NMPEUMYIIECTBa Mpeiia-
raeMoil cucreMsl. [lonHas aBTOMaTM3anus BCEX 3Ta-
OB — OT JM3Hca o0pasua A0 BbIAAYM pe3yjIbTaTa —
yCTpaHsIeT BIUSHHE 4YeJIOBEYeCKOoro Qakropa M co-
KpalaeT BpeMsl OJIydeHHs [uarHosa Ao 2 4. Mcnosnb-
30BaHue (opMaTa "KapTpumK" 00ECIeUnBACT MAKCH-
MaJbHYI0 MPOCTOTY ¥  0€30HmacHOCTh  PaboThI,
a MOPTaTUBHOCTH NPUOOpa — BO3MOXHOCTH IIPOBO-
JUTh JTUATHOCTUKY HEMOCPEICTBEHHO y TOCTENH TMa-
LUEHTAa WIH B IOJIEBBIX YCJOBUSX (IIPUKPOBATHBII
tecT). TakuM 00pazoM, JaHHBINA TPUOOP MOKET HANTH

HAYYHOE [NPUBOPOCTPOEHMUE, 2025, Tom 35, Ne 4
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HIMPOKOE MPUMEHEHNE B PTU3UATPHUECKON TIPAKTHKE:
IUI 9KCHPECC-BBIABICHUSI TyOepKyJe3a Yy JMI[ C IO-
JIO3peHneM Ha 3a0oJeBaHNe, CKPHHHUHTAa Ha TyOepKy-
JIC3 B NOIIYJIALNUAX BBICOKOI'O pPUCKA, OIEPATUBHOIO
oTpeieNieHus] JIeKapCTBEHHOW YCTOWYMBOCTH (UTO
ocobeHHo BaxkHO Tipu MJIY-TB) u T. 7.

B mepcriektrBe pasBuTHE DaHHOH Matdopmel Oy-
JeT npoaoinkeHo. [Ipencrosr ee KiMHUYECKas OLEHKA
B MHOTOLIEHTPOBOM HCCJIEJOBAaHUH, JOPaOOTKA KOH-
CTPYKIIMU C HECJIbIO MOATOTOBKH K MPOMBINIJICHHOMY
NPOM3BOJICTBY, & TaK)Ke pacIIUpeHHe BO3MOXKHOCTEH
TecTupoBaHus. IlnaHupyercs BHEAPEHNE B KapTPUIXK
JIOTIOJTHUTENbHBIX PEaKUUN AJIsI ONpPENEIEHUs yCTOM-
YUBOCTH K W30HMA3UAY, (QTOPXUHOJIOHAM U IPYTUM
KJIIOUEBBIM IperapaTaM, 4TO CIeNaeT CUCTEMY MOJ-
HOLIEHHBIM HHCTPYMEHTOM HEepCOHU(HUINPOBAHHON
JIUAarHOCTHKH TyOepKylieza. YUHThIBas CTpaTeruye-
CKYIO B&XXHOCTb OOPBOBI C TYOEPKYIIe30M B POCT JOJH
JIEKapCTBEHHO-YCTOWYMBHIX  (OpM, IpeliaraeMas
OTEYeCTBEHHAsi pa3paldoTKa MMeeT OOJIbIINE IIAHCHI
3aHATh HUILY B PSAAY IEPENOBBIX TUArHOCTHYECKHX
TEXHOJIOTUH U BHECTH BKJIaJ B YJYy4YHICHUC SIIUAC-
MHUOJIOTHYECKON CHTyalnu 1Mo TyOepkyie3y. Omuce-
BaeMass pa3paboTka JIEMOHCTPHpYET TIIyOMHHOE
BJIMSHUE HOBBIX HAYYHBIX 3HAHUH M JIOCTH)KEHHUH
Ha OTpaciieBoe NpHOOPOCTPOEHHE.

CIIMCOK NCTOYHUKOB

1. Organization, 2024. Global tuberculosis report 2024. Ge-
neva: World Health. 69 p. ULR:
https://iris.who.int/server/api/core/bitstreams/7292¢91e-
ffb0-4cef-ac39-0200f0696 1 ea/content

2. Bacunvesa U.A., Tecmos B.B., Cmepauxos C.A. Dnnne-
MHUYECKasl CUTYyallus M0 TyOepKyJie3y B TOJbI MaHJACMHU
COVID-19 — 2020-2021 rr. // TybOepkyne3 u Gone3Hu
nerkux. 2022. T. 100, Ne 3. C. 6-12.

DOI: 10.21292/2075-1230-2022-100-3-6-12

3. Bacunvesa H.A., Tecmos B.B., Cmepauxos C.A., Bypoi-
xur B.C., Kyopuna B.I'"., ¥Ypywaosze H.J]. ®aktopsl pucka
JIETAJBHOTO MCXO0Ja Y OOJIBHBIX TyOepKyJIe3oM ¢ YCTO¥-
YUBOCTBIO K PUGAMIULIUHY 110 ITaHHBIM (eaepaabHOro
peructpa nuu, O0NbHBIX TyOepkyne3zom // TyOepkyie3 u
oone3nn jerkmx. 2024. T. 102, Ne 6. C. 40-47. DOI:
10.58838/2075-1230-2024-102-6-40-47

4. Chakravorty S., Simmons A.M., Rowneki M., et al. The
New Xpert MTB/RIF Ultra: Improving Detection of My-
cobacterium tuberculosis and Resistance to Rifampin in
an Assay Suitable for Point-of-Care Testing // mBio.
2017. Vol. 8, no. 4. DOI: 10.1128/mbio.00812-17

5. Walzl G., McNerney R., du Plessis N., Bates M.,
McHugh T.D., Chegou N.N., Zumla A. Tuberculosis: ad-
vances and challenges in development of new diagnostics
and biomarkers // Lancet Infect Dis. 2018. Vol. 18, no. 7.
P. e199-210. DOI: 10.1016/S1473-3099(18)30111-7

HAVYYHOE ITPUBOPOCTPOEHME, 2025, Tom 35, Ne 4

6. benses J.B., Ymnenesa T.B., [duanose J.B., Jlaspen-
uyk JI.C., bomesa T.IO., Baxpywesa /[.B. ®enornnmye-
CKas yCTOHUYMBOCTh K pupammuuuuy y Mycobacterium
tuberculosis ¢ myrauueit rpoB Leud30Pro // TyOepkynes
u Oonesnun nerkux. 2024. T. 102, Ne 5. C. 64-69. DOI:
10.58838/2075-1230-2024-102-5-64-69

7. Umpeleva T., Chernikova E., Belyaev D., Eremeeva N.,
Boteva T., Golubeva L., Vakhrusheva D.V., Vasilyeva I.A.
Identification of genetic determinants of bedaquiline resis-
tance in Mycobacterium tuberculosis in Ural region, Rus-
sia // Microbiology spectrum. 2024. Vol. 12, no. 3.
Id. e0374923. P.1-5. DOI: 10.1128/spectrum.03749-23

8. Bypmucmposa U.A., Banuee 3.B., Camounosa A.I'., Jlo-
sauesa O.B., Bacunvesa U.A. Hapacranme crekrpa e-
KapCTBEHHOW YCTOWYMBOCTH BO30yauTenst Ha (oHE He-
aJICKBaTHOW XHMHOTEpanuu TyOepkynesa serkux // Ty-
Oepkyne3 u Gonesnu serkux. 2019. T. 97, Ne 8. C. 46—
51. DOI: 10.21292/2075-1230-2019-97-8-46-51

9. Boom R., Sol C.J., Salimans M.M., Jansen C.L., Wer-
theim-van Dillen P.M., van der Noordaa J. Rapid and
simple method for purification of nucleic acids // J. Clin.
Microbiol. 1990. Vol. 28, no. 3. P. 495-503. DOI:
10.1128/jem.28.3.495-503.1990

10. Bacunvesa U.A., Camoiinosa A.I., Ipeewos A.3., baeoa-
capsn T.P., Yepnoycosa JI.H. Xumuorepanus TyOepKyJie-
3a: mpoOsiembl U nepcrnekTiBbl // BectHuk Poccuiickoit
akageMun MegunuHCckuX Hayk. 2012. T. 67, Ne 11. C. 9—
14. DOI: 10.15690/vramn.v67i11.465

11. Umpeleva T., Belyaev D., Dianov D., Lavrenchuk L., Bo-
teva T., Vakhrusheva D. Mutations outside RRDR lead to
increased MICs for M. tuberculosis isolated with “border-
line” rpoB mutations // African Journal of Biological
Sciences. 2024. Vol. 6, No. 8. P. 2778-2782. URL:
https://www.afjbs.com/issue-content/mutations-outside-
rrdr-lead-to-increased-mics-for-m-tuberculosis-isolates-
with-borderline-rpob-mutations-3077

@I'BY "HMHI] ¢pmuzuonynvmononozuu u uHgheKyuon-
Hbix  3abo0neeanuni’” Munzopaea Poccuu, Mockea,
Poccuiickaa @eodepauusn (Trauyx A.1l., Anamwipes A.I,
Kaszonuna A.A., Tionvkosa T.E., Camotinosa A.I'., Bacunve-
6a U.A.)

000 '"Tpouukuit unycenepuwviit yenmp', Mockaea,
TuHAO, Poccuiickaa ®@edepayun (Ilonomapes B.A., Ka-
nuxeeuy /1.B., [[3aeoesa FO.K.)

Konrakter: Txauyx Apmem I[lemposuu,
artem.p.tkachuk@gmail.com

Martepuan noctynuin B pegakuuto 02.08.2025



NAUCHNOE PRIBOROSTROENIE, 2025, Vol. 35, No. 4, pp. 61-71 ISSN 0868-5886

DEVELOPMENT AND LABORATORY TESTING
OF A PROTOTYPE AUTOMATED DEVICE
FOR TUBERCULOSIS DIAGNOSIS USING REAL-TIME PCR

A. P. Tkachuk', A. G. Alatyrev V. A. Ponomarev D. V. Kan1kev1ch Yu. K. Dzagoeva ,
A. A. Kazulina', T. E. Tyulkova A. G. Samoylova I. A. Vas1lyeva

'National Medzcal Research Center of Phthisiopulmonology and Infectious Diseases, Moscow, Russia
*Troitsk Research and Development Center LLC, Moscow, Russia

This article presents the results of the development and laboratory testing of portable automated device pro-
totype for rapid tuberculosis diagnosis and detection of drug resistance. The system comprises an analyzer and
a disposable cartridge that contains all necessary reagents for sample preparation and PCR amplification inside.
The analytical protocol includes sputum processing (ultrasonic treatment, lysis, and DNA extraction using mag-
netic particles), followed by nested real-time PCR for the detection of Mycobacterium tuberculosis and probe-
melting analysis of 7poB gene mutations. Laboratory tests using sputum samples demonstrated that the system
reliably detects M. tuberculosis DNA (156110 target) with high sensitivity, including samples with low bacterial
load, and accurately identifies mutations associated with rifampicin resistance. An internal control confirms the
absence of PCR inhibition. The accuracy of the results is comparable to standard laboratory PCR testing. Tech-
nological advantages of the system include full automation from sample to result (total analysis time ~2 hours)
and reduced risk of contamination due to the sealed cartridge format compared to conventional molecular genet-
ic methods. The developed platform demonstrates promise for point-of-care tuberculosis diagnostics, including
multidrug-resistant forms. Further development is to expand the test panel to include resistance detection not
only to rifampicin but also to isoniazid and fluoroquinolones.

Keywords: tuberculosis, rapid molecular diagnostics, molecular genetic test, polymerase chain reaction, nested PCR,
disposable cartridge, point-of-care testing, antibiotic resistance, rifampicin, isoniazid, fluoroquinolones, sputum
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INTRODUCTION

According to the World Health Organization's
Global Report, in 2023, 10.8 mln new cases of tuber-
culosis were registered globally, and 1.1 mln people
died, making this infection once again the leading
cause of death among infectious diseases [1]. In 2021,
the Russian Federation left the list of countries with
a high tuberculosis burden. Despite this, the spread of
drug-resistant tuberculosis remains a challenge for the
entire medical community. This has been significantly
accelerated by the COVID-19 pandemic [2]. Accord-
ing to the Federal Tuberculosis Registry, 15.604 pa-
tients with tuberculosis with confirmed resistance to at
least rifampicin were registered in 2021 [3]. Early de-
tection of antimicrobial resistance facilitates the time-
ly initiation or adjustment of anti-tuberculosis chemo-
therapy.

Classical methods for diagnosing tuberculosis have
several limitations. Sputum smear microscopy is not
very sensitive, especially when the mycobacterial
count is low. Culture, the "gold standard" for diagnos-
ing and determining drug resistance, is highly sensi-
tive but requires several weeks for culture growth. In
recent years, molecular genetic diagnostic methods,
primarily polymerase chain reaction (PCR), have be-
come widespread. These methods allow for the detec-
tion of Mycobacterium tuberculosis DNA in patient
samples within hours and the identification of muta-
tions associated with drug resistance, such as those in
the RRDR region (81 base pairs, a region of the rpoB
gene).

The introduction of automated PCR systems with
disposable cartridges (such as the Cepheid GeneXpert
MTB/RIF) has revolutionized tuberculosis diagnostics
[4, 5]. The GeneXpert system detects M. tuberculosis
and determines rifampicin resistance in a single assay
in approximately 90 minutes and is recommended by
the WHO for use in many countries. In addition to
GeneXpert, other molecular tests have been developed
and are in use: linear DNA probes (Hain GenoType
MTBDRplus, etc.), isothermal amplification tests, and
portable PCR devices such as the Molbio Truenat.
Some new systems are capable of simultaneously de-
tecting resistance to multiple drugs (e.g., Xpert
MTB/XDR, FluoroType MTBDR, MeltPro, etc.).
However, many of these solutions are imported and
expensive or require laboratory infrastructure. A pres-
sing challenge is the development of domestically
produced portable devices for molecular tuberculosis
diagnostics, suitable for use at the point of care, based
on strains circulating within the Russian Federation
[6, 71.

This paper describes a portable, automated system
for the molecular genetic diagnosis of tuberculosis,

designed for unattended analysis in disposable car-
tridges. The device provides fully automated nucleic
acid extraction from a clinical sample (sputum or
bronchoalveolar lavage) and real-time PCR detection
of M. tuberculosis, as well as analysis of DNA muta-
tions associated with drug resistance. The goal of this
development is to create an autonomous "sample-to-
result" system capable of significantly accelerating
and simplifying tuberculosis diagnosis and the detec-
tion of multidrug-resistant tuberculosis in clinical set-
tings, compared to manual analysis methods.

This article presents the results of testing a proto-
type device and a cartridge with the necessary rea-
gents, including an assessment of its diagnostic effica-
cy (detection of M. tuberculosis in sputum samples)
and the ability to identify mutations conferring resis-
tance to the main anti-tuberculosis drugs — rifampi-
cin, isoniazid, and fluoroquinolones — for the suc-
cessful treatment of tuberculosis patients [8].

DESCRIPTION OF THE DEVICE
AND REAGENT CARTRIDGE DESIGN

Analyzer

The prototype analyzer is a portable device de-
signed to operate with a disposable cartridge, which
houses the analysis (Fig. 1).

Fig. 1. General diagram of the analyzer for molecular
diagnostics of tuberculosis and other infectious dis-
eases.

The analyzer's design is modular: when the car-
tridge is installed, it is fixed in the device in a precise-
ly defined position relative to the main modules — the
spool valve rotation mechanism, the vertical piston
movement unit, and the thermal cycling module with
an optical detection system. Thus, the analyzer per-
forms several functions simultaneously: 1) actuating
the cartridge's integrated microfluidic pump (a rotary
valve with a piston) to transfer fluids between cham-
bers; 2) controlling the DNA extraction process (e.g.,
activating the ultrasonic emitter and moving the mag-
netic separator); 3) enabling PCR amplification (heat-
ing/cooling the PCR chip) and recording the fluores-
cence signal. The device's optical system is equipped
with a set of photodetectors corresponding to the
number of fluorescence channels used; the prototype
features up to five detection channels, allowing for
simultaneous tracking of multiple targets and real-
time control. Software is included to manage all anal-
ysis stages and automatically interpret amplification
results.



Cartridge

A disposable cartridge is a polymer product con-
taining a complete set of reagents required for analy-
sis. The cartridge design includes three key compo-
nents (Fig. 2): 1) a set of functional reservoir cells
(including a cell for sample introduction and cells
containing reagents — lysis buffer, wash solutions,
elution buffer, lyophilized PCR reagents, as well as
a separate reactor cell for performing the PCR);
2) a microfluidic PCR chip hermetically connected to
the cells; 3) a rotary spool valve that transfers fluids
between the cells. The cartridge is manually loaded
into the instrument by the operator; after this, all anal-
ysis steps are performed automatically. Before analy-
sis, the cartridge is sealed in the device, a leak test is
performed (air is supplied under pressure to the PCR
cells), and the system is initialized.

Fig. 2. General view of the cartridge of the device for
the automatic extraction, purification, and amplifica-
tion of M. tuberculosis DNA regions with real-time
recording of results.

1 — base with reservoir tanks; 2 — lid with capilla-
ries for fluid movement; 3 — ventilation wells; 4 —
filter element; 5 — PCR cells; 6 — lid and opening
underneath (port) for sample introduction; 7 — rotary
valve

The cartridge reservoirs contain reagents: a univer-
sal buffer for sputum lysis and liquefaction (a means
for liquefying and inactivating the biomaterial), mag-
netic microparticles with a functionalized surface for
DNA sorption, wash buffers for purifying the isolated
nucleic acids, an eluent for DNA desorption, as well
as PCR mixtures (primers, probes, thermostable DNA
polymerase, deoxynucleotides, etc.) for amplifying the
target fragment of M. tuberculosis DNA and internal
controls. The test system includes an internal control
(IC). The presence of an IC allows for monitoring the
efficiency of all stages — from lysis to amplification
— and tracking possible PCR inhibition in each sam-
ple. A distinctive feature of the cartridge is its inte-
grated microfluidic PCR chip, a miniature unit with
one or several PCR reactors (wells) where DNA am-
plification occurs in a confined space. After filling
with the reaction mixture, the PCR well is automati-
cally sealed within the cartridge, preventing evapora-
tion and contamination. It's worth noting that the car-
tridge design was optimized during development: in
particular, the shape and mechanism of the spool
valve were improved to ensure multi-stage (nested)
PCR without the risk of amplicons spreading. The
original version of the valve had an open sector,
which meant that after the first phase of PCR, one of
the wells remained open, increasing the risk of ampli-

cons contaminating the instrument. In the prototype,
the valve has been modified to completely close the
ventilation channels during fluid transfer, ensuring
that each PCR well remains closed after filling, mini-
mizing the risk of amplicon contamination.

AUTOMATIC ANALYSIS PROTOCOL
FROM SAMPLE TO RESULT

The analysis is performed according to a pre-
programmed protocol. The main stages of processing
a clinical sputum sample within the system are de-
scribed below.

Sample loading

A physician or laboratory technician manually col-
lects a patient's sputum sample into a sterile container.
Before loading into the cartridge, the sputum is pre-
mixed with a special lysis buffer at a 1 : 2 ratio and
incubated for approximately five minutes at room
temperature to liquefy the viscous material. The re-
sulting processed mixture (2.0-2.5 mL) is drawn up
using a pipette or a disposable Pasteur pipette and in-
troduced into the cartridge's receiving chamber
through a special loading opening under the lid. Then
the cartridge is placed in the analyzer, the instrument
lid is closed, and the automatic analysis cycle begins.

Lysis and DNA release

The automated system implements the nucleic acid
extraction method described by R. Boom et al. [9],
with modifications. The sample is processed directly
in the cartridge to inactivate mycobacteria and release
their DNA. An ultrasonic emitter is closely adjacent to
the reactor cell where the sample is introduced. The
analyzer generates a series of ultrasonic pulses trans-
mitted through the cell wall: pulse duration is approx-
imately 1 s, pause for 1 s, for a total of approximately
40-60 pulses. This ultrasonic sonication leads to me-
chanical disruption of M. fuberculosis cells, liquefac-
tion of sputum, and an increase in DNA yield. Ac-
cording to our assessment, the use of ultrasound in the
cartridge increases the amount of mycobacterial DNA
isolated by approximately 10 times compared to a
non-sonicated sample. The above treatment inacti-
vates mycobacteria, increasing the biosafety of the
assay and reducing PCR inhibition.

DNA extraction using magnetic particles

After the lysis step, the instrument automatically
extracts nucleic acids. The cartridge contains magnet-
ic microparticles (MMPs) with a special coating capa-
ble of binding DNA. Using a built-in rotating valve
and piston, the analyzer sequentially distributes liquid
from the reactor to the other chambers of the car-



tridge: first, the sample is mixed with the magnetic
particles, then the particles with adsorbed DNA are
transferred to the wash chamber. A rotary spool valve
is used to move the fluids: it is oriented over the de-
sired cell, a piston inside the valve descends, discharg-
ing a predetermined volume of fluid from the cell by
creating negative pressure. The valve then rotates to-
ward the target cell, and the piston expels the liquid.
This functions as a kind of microsyringe. In the wash
cell, the device, using a permanent magnet applied to
the outside of the cartridge, holds magnetic particles
with DNA on the wall while the liquid is withdrawn
by the valve and removed. Several washing steps are
performed sequentially — the introduction and re-
moval of wash buffers — to purify the adsorbed DNA
from inhibitors and impurities. After washing, the par-
ticles are transferred to the second chamber, where
DNA elution occurs: a small volume of eluent is add-
ed, desorbing nucleic acids from the particles. The
purified eluate containing mycobacterial DNA is then
loaded into a PCR chamber containing lyophilized
amplification reagents.

Amplification (nested PCR)

The resulting reaction mixture (DNA eluate + rea-
gents) is automatically dispensed into the PCR wells
of the cartridge's microfluidic chip.

The prototype utilizes a two-stage nested PCR sys-
tem to increase sensitivity. For this purpose, the car-
tridge is equipped with at least two PCR wells: one for
phase 1 PCR — the initial replication of the target
DNA using external primers — and then a portion of
the resulting amplicons are automatically transferred
to the second well, where the mixture for phase 2 PCR
with internal (nested) primers is prepared. Two-phase
amplification enables detection of even single copies
of M. tuberculosis DNA and partially mitigates the
effects of potential inhibitors remaining in the sample
after extraction. In the final protocol configuration,
each PCR phase was performed for 30 cycles, with
phase 1 products diluted approximately 1 : 200 for
phase 2. The PCR thermal profile (denaturation, an-
nealing, and elongation temperatures) is similar to
standard real-time PCR. The time required for both
amplification stages and intermediate transfer is short,
and the complete analysis cycle takes less than two
hours. After each PCR well is filled, the cartridge
valve is rotated to the sealing position, preventing
contact of the well with the external environment dur-
ing amplification.

Detection and interpretation of results

Thermal cycling in the PCR chip is accompanied
by real-time fluorescence signal recording. In the test
system, the target M. tuberculosis DNA fragment is
the multicopy IS6110 sequence, which amplification

is detected in the FAM channel (using a probe labeled
with FAM). Simultaneously, amplification of the in-
ternal control DNA (IC) is recorded in a second chan-
nel (e.g., HEX). The analyzer software plots product
accumulation curves; upon reaching the threshold flu-
orescence level, the PCR result is displayed: positive
(IS6110 is detected) or negative (not detected, pro-
vided the IC reaction is positive). In the case of a two-
stage PCR, a summary report is generated, taking both
phases into account. To determine drug resistance to
rifampicin, an additional analysis of 7poB gene ampli-
fication products was implemented. After PCR, the
instrument performs melt curve analysis to identify
point mutations in the RRDR region. The test system
utilizes several molecular beacon probes complemen-
tary to different regions of RRDR; changes in the
melting temperatures of these probes when bound to
the amplicon indicate the presence of a mutation. For
example, mutants with the Ser531Leu substitution
(one of the most common mutations in rifampicin-
resistant tuberculosis, accounting for ~75% of cases)
are characterized by a 6.9°C increase in the melting
temperature of the P-4 probe compared to the wild-
type. The analyzer records melting curves in several
optical channels corresponding to each individual
probe and compares the obtained melting temperature
T,, values with the wild-type reference values. Based
on this, it is determined whether a mutation is present
in RRDR and what type it is (within the detection
range of positions 516, 526, 531, etc.). The result for
rifampicin resistance is reported as "rifampicin-
resistant”" (if a mutation is detected) or "rifampicin-
sensitive" (if no mutation is detected). At the proto-
type stage, the method demonstrated its viability and
showed potential for expansion to other drugs. Similar
implementations are planned for the detection of mu-
tations in the katG/inhA (isoniazide) and gyrA (fluo-
roquinolones) genes, i.e., expand the disposable car-
tridge with additional reagents/probes for the simulta-
neous detection of multiple mutations associated with
resistance to multiple antibiotics in a single assay,
which is dictated by the needs of practical healthcare
[10].

TEST METHODOLOGY AND SUBJECTS

Subjects

Laboratory testing of the prototype device was
conducted on clinical sputum samples obtained from
patients with a confirmed diagnosis of pulmonary tu-
berculosis, with their consent in accordance with the
established form by the Local Ethics Committee of the
National Medical Research Center for Phthisiopulmo-
nology and Infectious Diseases of the Ministry of
Health of the Russian Federation. Specifically, the
study included sputum samples from patients in whom



the presence of M. tuberculosis had previously been
confirmed by PCR (Amplitub-RV test system) and/or
culture, as well as samples from conditionally healthy
donors (negative for tuberculosis). All samples were
stored in a refrigerator (4 °C) for no more than 1-2
days before testing or frozen at —20 °C for subsequent
analysis. Before loading into the device, sputum was
mixed with a universal lysis buffer at a 1 : 2 ratio, as
described above. Analyses were performed at the Mo-
lecular Biology Methods Laboratory of the National
Medical Research Center for Phthisiopulmonology
and Infectious Diseases of the Ministry of Health of
the Russian Federation.

Test for the detection of M. tuberculosis

To evaluate the system's performance in detecting
the tuberculosis pathogen, both positive and negative
clinical samples were collected. Some positive sam-
ples had a high bacterial load, while others had a low
load (single bacteria, positive only by culture or PCR).
A total of 6 sputum samples and 5 bronchoalveolar
lavage (BAL) samples were tested on the pilot device
to identify M. tuberculosis. Each sample was analyzed
in parallel using the reference method — real-time
PCR using a commercial kit (Ampli-tub-RV) with
DNA extraction using the phenol-chloroform method
or columns.

Testing for detection of drug resistance mutations

To test the system's performance in rifampicin re-
sistance detection mode, we generated a set of 20 spu-
tum samples containing rifampicin-resistant M. tuber-
culosis strains (mutations in RRDR rpoB) confirmed
by the standard Amplitub-RV PCR assay and se-
quencing. This set included clinical samples from pa-
tients diagnosed with MDR-TB (multidrug-resistant
tuberculosis), most of them had known rpoB muta-
tions (S531L, H526D/Y, etc.). Additionally, several
samples with drug-susceptible tuberculosis (wild-type
rpoB) were tested to control for specificity. All sam-
ples were analyzed using a pilot device equipped with
disposable cartridges and an experimental reagent kit
for detecting rpoB mutations (four molecular probes
corresponding to the number of primary target posi-
tions of the mutations). The results were compared
with reference data for each sample.

RESULTS AND ANALYSIS

Detection of M. tuberculosis

During laboratory testing, the pilot device demon-
strated the ability to reliably detect tuberculosis DNA
in sputum and BAL samples. The device identified all
positive samples tested containing M. tuberculosis;
negative control samples yielded negative results (al-

though the IC was successfully amplified in them).
Table 1 presents the results of a series of parallel tests
of the pilot device: the results of the device's analysis
are compared with the data of the reference PCR test.
As can be seen, there is complete compliance—the
device did not return a single false positive result in
this set. Specifically, a sample with a low M. tb con-
centration (No. 2609243) was identified as positive by
both our device and the reference method. Tuberculo-
sis-negative samples (for example, No. 2609241) were
correctly identified as negative by the device (in the
presence of an IQR signal).

Tab. 1. Summary data of sputum and BAL samples
analysis using the developed reagent kit in an auto-
matic analyzer

Thus, the sensitivity and specificity of M. tubercu-
losis detection in the pilot sample are, according to
preliminary estimates, 100% compared to laboratory
PCR; however, precise results will be established in
an expanded set as part of clinical trials.

Detection of rifampicin resistance mutations

The pilot system successfully passed testing for its
ability to identify mutations associated with drug re-
sistance in mycobacteria. In 20 rifampin-resistant spu-
tum samples analyzed by the instrument, changes in
the probe melting curves were detected in all cases,
indicating the presence of mutations in the rpoB re-
gion.

The obtained types of melting point shifts corres-
ponded to specific mutations: for example, a shift in
the melting point of probe P-2 is characteristic only of
the Asp516Tyr mutation. A shift 7,, in the melting
point of probe P-3 occurs in the presence of mutations
in codons 526 and 531. To differentiate between mu-
tations in codons 526 and 531, a comparison with the
melting point 7, of probe P-4 is necessary: a shift in
the melting point of probe P-4 occurs only with muta-
tions in codons 531 and 533. Therefore, in the absence
of a shift in the melting point 7,, of probe P-4, a shift
in the melting point 7,, of probe P-3 is characteristic
only of mutations in codon 526. All results obtained
with the device were consistent with reference method
data: rpoB mutations were detected in all known resis-
tant samples and were absent in known sensitive ones.

Moreover, the use of multiple probes allowed for
preliminary differentiation of specific mutation va-
riants. The processed average melting point data for
different mutation types are presented in Tab. 2.

Thus, the cartridge melting curve analysis method
demonstrated its effectiveness in identifying the main
rifampicin-resistant mutations in M. tuberculosis.



Tab. 2. Results of mutation detection by comparing
the melting temperatures 7, of probes bound to the
amplified RRDR region of the rpoB gene

DISCUSSION

Evaluation of the instrument testing results

The results of testing the prototype instrument and
the cartridge with the reagent kit confirm the funda-
mental feasibility of the "automated laboratory in
a cartridge" concept for tuberculosis diagnostics. The
system demonstrated high sensitivity in detecting
M. tuberculosis DNA — the use of nested PCR
enabled detection thresholds comparable to those of
the best commercial tests. According to our data, us-
ing a nested approach combined with ultrasound lysis,
we can detect approximately 10°~10° copies of myco-
bacterial DNA in a sample volume of ~1 ml (equiva-
lent to ~1-10 mycobacteria per smear in the field of
view). This is especially important for diagnosing la-
tent forms of tuberculosis and extrapulmonary tuber-
culosis. The method's specificity is also high: the sys-
tem's primers and probes target the unique insertion
sequence 1S6110, present only in Mycobacterium tu-
berculosis, eliminating false-positive reactions. No
false-positive detection of M. tuberculosis was ob-
served in the trials — all negative samples yielded
negative results due to the internal control working
correctly.

The device's capabilities for detecting drug resis-
tance deserve special attention. The presented proto-
type implements the detection of resistance to rifam-
picin, a key drug typically used to assess multidrug-
resistant tuberculosis. The method is based on the
principle of detecting mutations in the rpoB gene hot
spot, which has long been established as a reliable
molecular marker: more than 95% of rifampicin-
resistant strains carry mutations in the RRDR of rpoB
[11]. Our approach using probe melting curve analysis
is essentially similar to that used in Xpert MTB/RIF
and other systems (Hain, Genoscholar, etc.) but also
has advantages. For example, multiple probes allow
us to differentiate mutations, providing additional in-
formation about the resistance profile.

Preliminary testing showed full compliance with
the results for 7poB mutation detection by reference
methods, i.e., high specificity and sensitivity for de-
tecting rifampin resistance.

Capabilities for detecting resistance
to isoniazid and fluoroquinolones

At the prototype stage, the test system fully im-
plemented only the detection of 7poB gene mutations.

However, the methodological approaches incorpo-
rated into the system allow for similar detection of
other drug resistance mutations in M. tuberculosis.
The principle is based on the amplification of specific
regions of the mycobacterial genome, followed by
analysis of the products using specific oligonucleotide
probes. Specifically, for isoniazid, such targets are
mutations in the katG gene (position Ser315Thr) and
the inhA promoter, while for fluoroquinolones, these
are mutations in gyr4 (the so-called QRDR region).

In the future, it is planned to supplement the car-
tridge with reagents (primers and probes) for detecting
these mutations, which will transform the system into
a multi-test system, similar in functionality to the best
foreign models (like Xpert MTB/XDR or hybridiza-
tion analysis).

Our system was designed from the ground up to be
modular and flexible: an optical unit with five detec-
tion channels allows for the parallel amplification of
multiple targets with the appropriate reagents. Adding
one or two more PCR reactions (e.g., for the katG and
gyrA genes) to the cartridge presents no significant
difficulties, given the available number of PCR wells
and detection channels. Thus, the device can be fur-
ther developed into a platform for tuberculosis diag-
nostics with a broad panel of drug resistance, includ-
ing detection of multidrug-resistant and extremely
drug-resistant tuberculosis (MDR/XDR-TB) in a sin-
gle assay. Our preliminary experiments confirm that
the developed device and software are ready for panel
expansion. Thus, a PCR method using probes target-
ing other mycobacterial genes (for example, katG) has
been successfully tested on a prototype device and is
expected to be implemented in the next version of the
test system. Thus, the developed platform has high
potential for the comprehensive diagnosis of drug-
resistant tuberculosis.

The technological advantages of the developed
system include not only its diagnostic performance
but also its ease of use and safety. The device is de-
signed for use directly at the point of care (in exami-
nation rooms, treatment rooms, etc.). The operator
requires no complex manipulations — simply place
the sputum sample into the cartridge and start the
analysis. All potentially hazardous steps (lysis, patho-
gen inactivation, and amplification) occur within
a sealed cartridge, minimizing the risk of personnel
infection and contamination of the premises with the
pathogen or amplicons. After analysis, the used car-
tridge can be safely disposed of as infectious waste.
Built-in disinfection of the instrument compartment
tray after cartridge removal is provided (e.g., by UV
radiation or disinfectant solution), further ensuring
epidemiological safety during serial use of the device.

The device's autonomy and mobility are also sig-
nificant advantages. The analyzer is relatively small,
lightweight, and can be transported in a portable case.



Power consumption is low; it can be powered from
either a 220V network or a portable power source
(battery), which is important for field use. All reagents
are stabilized in the cartridge (lyophilized), with
a shelf life of at least several months at room tempera-
ture and 1 year or more when refrigerated (these pa-
rameters are still being refined). Thus, the system can
be used in remote regions, mobile tuberculosis labora-
tories, for testing migrants, prisoners, and other set-
tings where deploying a full-fledged laboratory is dif-
ficult.

CONCLUSION

In this study, a prototype of an automated system
for the molecular genetic diagnosis of tuberculosis
was developed and manufactured. It includes a porta-
ble analyzer and a disposable reagent cartridge. La-
boratory testing confirmed the system's operability: it
successfully isolates M. tuberculosis DNA from na-
tive sputum and BAL samples and detects the target
fragment using nested real-time PCR, providing sensi-
tivity comparable to traditional methods. Built-in in-
ternal controls and protocol optimization enabled
highly reliable results, even for complex samples.
A molecular detection method for rifampicin resis-
tance in mycobacteria was also implemented—
identification of rpoB gene mutations by changes in
the melting temperature of special probes — which
demonstrated full compliance with reference assay
data.

The obtained results demonstrate the significant
technological advantages of the proposed system. Full
automation of all stages — from sample lysis to result
delivery — eliminates human error and reduces diag-
nosis time to 2 hours. The cartridge format ensures
maximum ease and safety of operation, and the de-
vice's portability allows for diagnostics directly at the
patient's bedside or in the field. Thus, this device can
be widely used in phthisiological practice: for the rap-
id detection of tuberculosis in individuals suspected of
having the disease, screening for tuberculosis in high-
risk populations, rapid determination of drug resis-
tance (which is especially important for MDR-TB),
etc.

This platform will continue to be developed. Clini-
cal evaluation in a multicenter study, refinement of
the design for industrial production, and expansion of
testing capabilities are planned. Additional reactions
for determining resistance to isoniazid, fluoroquino-
lones, and other key drugs are planned for the car-
tridge, making the system a fully-fledged tool for per-
sonalized tuberculosis diagnostics. Given the strategic
importance of the fight against tuberculosis and the
growing proportion of drug-resistant forms, the pro-
posed domestic development has a significant poten-
tial to occupy a niche among advanced diagnostic
technologies and contribute to improving the epide-
miological situation for tuberculosis. This develop-
ment demonstrates the profound impact of new scien-
tific knowledge and achievements on the instrumenta-
tion industry.



