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IVADAS

Tuberkulioze (TB) — infekciné, uzdegiminée liga, sukeliama mikobakterijy,
priklausan¢iy Mycobacterium tuberculosis kompleksui. TB jprastai yra létiné
liga ir dazniausiai pazeidzia plaucius.

Remiantis Pasaulio sveikatos organizacijos (PSO) rekomendacijomis,
siekiant pakankamos TB kontrolés, svarbu i§gydyti bent 85 proc. naujy bak-
teriologiSkai patvirtinty plauc¢iy TB atvejy [1]. Iprastai vaistams jautri TB
sékmingai iSgydoma per $eSis ménesius, taciau nustacius atsparuma rifampi-
cinui, vienam i§ paciy efektyviausiy vaisty nuo TB, gydymo trukmé zenkliai
ilgeja, o pasveikimo tikimybé mazéja [2].

Daugeliui vaisty atspari TB (DVA-TB) —atspari maziausiai dviem vaistams
nuo tuberkuliozés — izoniazidui ir rifampicinui. Sergant DVA-TB, d¢l efekty-
viy vaisty skirty DVA-TB gydyti trikumo pasveikimo tikimyb¢ mazeja [3].
Taip pat iSskiriama ypa¢ vaistams atspari TB (Y VA-TB). YVA-TB nustatoma
tada, kai tuberkuliozés mikobakterijos (TM) atsparios izoniazidui, rifampici-
nui, bent vienam fluorochinolonui ir bent vienam kitam vaistui i§ grupés A
DVA-TB gydymo schemoje (bedakvilinui ar linezolidui). Lietuvoje bendra
1Sgydyty DVA/Y VA-TB atvejy dalis 2018-2020 metais tesieke 43,1 proc. [4].
Taigi, atsparumas vaistams sglygoja daznesnes gydymo nes¢kmes.

Remiantis eksperty rekomendacijomis [5, 6], siekiant mazinti sergamuma
TB, rekomenduojama: nustatyti socialinius ir ekonominius veiksnius, jtako-
janc¢ius TB plitimg; rinkti duomenis apie TB molekuling epidemiologijg ir
vykdyti atsparumo vaistams prevencija; kuo anksciau nustatyti TB diagnoze;
skirti adekvaty gydyma; ieskoti naujy diagnostikos metody ir naujy saugesniy,
efektyvesniy ir trumpesniy gydymo rezimy. Siekiant uzkirsti kelig TB pliti-
mui populiacijoje, svarbiausia nustatyti serganciuosius TB, kuriy skrepliuose
randama TM. Sie zmonés yra epidemiologiskai pavojingi aplinkiniams, nes
platina TM ir visame pasaulyje yra siekiama juos izoliuoti kol Sis pavojus 18-
lieka. Priklausomai nuo atskiry valstybiy jstatymy ir gydymo rekomendacijy,
pacientai, kuriy skrepliuose randama TM, gali biiti izoliuojami ligoningje tol,
kol i8skiria j aplinkag TM. Lietuvoje jprastai Sie pacientai daZniausiai stacio-
narizuojami ir gydomi ligoningje.

Remiantis Lietuvos pulmonology ir alergology, bei Lietuvos pulmono-
logy draugijy rekomendacijomis [7] rekomenduojama skrepliy pasélius dél
TM Kkartoti po dviejy gydymo ménesiy, vertinant skrepliy pasélio konver-
sija. Nors laikoma, kad skrepliy pasélio konversija po dviejy ménesiy gerai
prognozuoja gydymo sékme [8, 9], 2 ménesiai, kuriuos pacientas praleidzia
izoliuotas ligoning¢je, gali turéti Zenklios jtakos paciento asmeniniam ir pro-
fesiniam gyvenimui. Gerai zinoma, kad TB yra ir socialiné problema, ne tik



dél ilgo izoliacijos laiko, bet ir dél socialinés stigmos [10], kurig jauc¢ia TB
sergantys pacientai ir jy Seimos nariai.

Vertinant TB gydymo efektyvumg iki Siol remiamasi klasikiniais kriteri-
jais — TM neradimu skrepliuose pabaigus gydymo kursg ir atkry¢io nebuvimu
per dvejus metus po gydymo uzbaigimo [11]. Nors Sie kriterijai buvo sékmin-
gai naudojami praeityje, biity naudinga rasti labiau specifiskus biozymenis
ligos prognozei, aktyvumui ir iSplitimui, atsakui j skiriama gydyma, atkrycio
tikimybei bei gydymo pabaigai numatyti [8]. TB gydymas trunka ne maziau
kaip 6 ménesius, tac¢iau jau yra duomeny, kad kai kuriems pacientams gali uz-
tekti 2-3 ménesiy gydymo [6, 12]. TB gydymo trukmés sumazinimas — vienas
didziausiy vykstanciy tyrimy tikslas [13], todél svarbu nustatyti bioZymenis,
kurie galéty anksti prognozuoti TB gydymo s¢kme [12,14,15].

Darbo tikslas:
Ivertinti socialiniy, laboratoriniy ir kity veiksniy galimg jtaka skrepliy pa-
s¢lio konversijai gydant vaistams jautrig ir atsparig tuberkuliozg.

Darbo uZzdaviniai:

1. Ivertinti sgsajas tarp socialiniy veiksniy, rilkymo, kiino masés indekso
(KMI), gyvenimo kokybés ir skrepliy pasélio konversijos sergant vais-
tams jautria ir atsparia tuberkulioze.

2. Nustatyti tuberkuliozés mikobakterijy, pasizymin¢iy atsparumu vais-
tams nuo tuberkuliozés daznj tarp tirty pacienty, ir jvertinti atsparumo
vaistams jtaka skrepliy pasélio konversijai.

3. Nustatyti ir jvertinti skrepliy pasélio konversijos sasajas su tuberku-
liozés iSplitimu plauciuose, rugsciai atspariy bakterijy (RAB) kiekiu
skrepliuose.

4. Nustatyti serganciyjy tuberkulioze biocheminiy ir imuniniy Zymeny
(albumino, vitamino D, C reaktyviojo baltymo (CRB), tirpios tarplas-
telinés adhezijos molekulés-1 (sSICAM-1), tirpaus urokinazés tipo plaz-
minogeno aktyvatoriaus receptoriaus (suPAR)) pokycius ir jvertinti jy
ry§] su skrepliy pasélio konversijos ypatumais taikant vaistams jautrios
ir atsparios tuberkuliozés gydyma.

5. Nustatyti ir jvertinti T limfocity populiacijy kraujyje rysj su skrepliy
pasélio konversija, tuberkuliozés sukelto plauciy pazeidimo iSplitimu ir
tuberkuliozés gydymo iSeitimis.

Mokslinis tyrimo naujumas

Skrepliy pasélio konversija klinikiniuose tyrimuose daznai naudojama
kaip mikrobiologinis rodiklis, turintis predikcing verte, siekiant anksti jver-
tinti TB gydymo rezultatus, monitoruoti gydyma [16]. Iki Siol néra visiSkai
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aiSku, nuo kokiy veiksniy gali priklausyti skrepliy paselio konversija, gydant
TB. Remiantis pastaruoju metu atliktais tyrimais, skrepliy pasélio konversija
gali jtakoti rukymo stazas [17], kavitacijos buvimas plauciuose [18], KMI
[19], prie§ gydyma skrepliy mikroskopijoje rastas RAB kiekis [20], vitamino
D koncentracija [21], albumino koncentracija kraujyje [22], jvair@s sociali-
niai veiksniai [23]. Lietuvoje tyrimy §ia tema iki Siol nepavyko rasti. Taip
pat radome tik keletg pasaulyje publikuoty tyrimy vertinanciy skrepliy pasé-
lio konversijg jtakojancius veiksnius DVA-TB atveju. Pavieniai tyrimai tarp
DVA-TB pacienty rodo, kad DVA-TB atveju, skrepliy pasélio konversija gali
jtakoti kiti veiksniai nei jautrios vaistams TB atveju: skystis pleuros ertmeje
[24], priestuberkulioziniy medikamenty kiekis naudojamas DVA-TB gydyti
[25, 26], kartu esant cukriniam diabetui — glikemijos kontrolés lygis [27].

Kaip galimus skrepliy pasélio konversija jtakojancius veiksnius tyréme
ir kai kuriuos galimus biozymenis. Iki $iol néra visuotinai priimto vieno bio-
zymens, kuris leisty anksti numatyti TB gydymo iSeitis. Toks biozymuo bty
didelis pasiekimas vykdant efektyvig TB kontrolg, klinikinius naujy priestu-
berkulioziniy vaisty tyrimus, o atskiro paciento atveju tai leisty spresti ar ga-
lima sutrumpinti gydymo laika, lengviau monitoruoti gydyma ir anksti jtarti
gydymo nesé¢kme. Tinkamas TB biozymuo turéty biti jvertinamas diagnoza-
vus liga ir leisty koreguoti gydyma bei prognozuoti gydymo iseitj.

Dalis galimy TB biozymeny, atspindin¢iy ligos sunkuma, tirti tik paci-
entams sergantiems vaistams jautria TB ir gauti rezultatai nebiitinai tikty
DVA-TB atveju [28]. Pavyzdziui, nustatyta, kad DVA-TB metu, lyginant su
vaistams jautria TB, yra mazesnis kai kuriy limfocity populiacijy kiekis [29],
skirtingas Th1 citokiny kiekis [30]. D¢l Sios priezasties svarbu vertinti tuos
pacius biozymenis jautrios vaistams TB ir DVA-TB atveju [28].

Be jprastai klinikin¢je praktikoje naudojamo CRB, tyrin¢jami ir jvairiis
imuniniai Zymenys. Daugelis jy néra specifiski TB ir jy praktin¢ nauda néra
pakankamai aiSki. Siekiant panaudoti Siuos Zymenis klinikinéje praktikoje,
reikalingi tolimesni tyrimai, kurie apibrézty jy galimybes ir trikumus. At-
likta nemazai tyrimy su lasteliy adhezijos molekulémis, ypac tarplastelinés
adhezijos molekulémis-1 (ICAM-1, angl. intercellular adhesion molecule-1).
ICAM-1 daugiausiai ekspresuojamos endotelio lgstelése. Tai leukocity inte-
griny ligandai, dalyvaujantys lasteliy adhezijoje ir leukocity riedéjime. Tirpi
Sios molekulés forma (angl. soluble ICAM-1 — sICAM-1) patenka ] kraujo-
takg. Nustatyta, kad sergantiems plauc¢iy TB, biitent SICAM-1 yra jautriausia
i$ Iasteliy adhezijos molekuliy, vertinant TB iSplitima: rastos sasajos tarp jos
koncentracijy kraujyje ir TB i$plitimo [31, 32], radiologiniy poky¢iy, CRB
koncentracijos kraujyje [31]. Taip pat yra duomeny, kad sSICAM-1 gali biiti
naudojama siekiant diferencijuoti TB nuo kity plauciy ligy [33]. Duomeny,
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mo kriterijais, kol kas nepakanka. Urokinazés tipo plazminogeno aktyvato-
riaus receptorius (UPAR) daugiausiai ekspresuojamas makrofagy ir monocity.
UPAR yra susijes su lgsteliy adhezija ir judéjimu. Tirpios Sio receptoriaus
formos — suPAR (angl. soluble urokinase-type plasminogen activator recep-
tor) koncentracija serume padidé¢ja pacientams, kuriems nustatyta aktyvi TB,
randamos sgsajos su mikobakterijy kiekiu skrepliuose [34]. SuPAR koncen-
tracija mazéja skiriant priesStuberkuliozinj gydyma, nustatytos sgsajos su TB
sukeltu plauciy pazeidimu [35]. Aukstesnés suPAR Zymens koncentracijos
susietos su didesniu mirtingumu, esant TB [34]. Esant zmogaus imunodefici-
to viruso (ZIV) ir TB koinfekcijai, vertinant letalios iSeities tikimybe, suPAR
koncentracija, kaip ir CD4 limfocity kiekis, buvo susijusi su letalia iSeitimi
[36]. Kai kuriy autoriy duomenimis, didesné suPAR koncentracija, didina ri-
zika, kad bus nustatyta DVA-TB (sitlyta biitinai atlikti jautrumo vaistams
tyrimus (JVT) kai suPAR >5 ng/ml [36]). Sio Zymens naudai klinikinéje prak-
tikoje patvirtinti reikalingi tolimesni, geriausia prospektyviniai, tyrimai [35].

Vieno bioZymens naudojimas kol kas nepasiteisino, nes daugeliu atveju
tirlamas Zymuo néra nei pakankamai jautrus, nei specifiSkas diagnozuojant
TB ir/ar vertinant gydymo efekyvumg. Ekspertai rekomenduoja naudoti ne
vieng Zymenj, o jy rinkinius, taciau ir Sios krypties tyrimy dar triikksta [8, 37].

Rentgeninis kriitinés lgstos tyrimas yra vienas i$ kertiniy diagnozuojant TB
ir vertinant ligos sunkuma, tac¢iau néra atlikta tyrimy, kurie vertinty radiologi-
nio TB i$plitimo s3gsajg su tirtais bioZymenimis, T limfocity populiacijomis.

Savo tyrime taip pat vertinome atsparumo vaistams nuo TB daznj tarp tir-
ty pacienty. Tarp tirty vaisty buvo ir naujai | TB gydymo rekomendacijas
itraukti medikamentai: bedakvilinas, klofaziminas, linezolidas. Tyrimy apie
atsparumg Siems vaistams ir §io atsparumo jtaka skrepliy konversijai, miisy
Ziniomis, Lietuvoje neatlikta.
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1. LITERATUROS APZVALGA

1.1. Tuberkuliozés epidemiologija

Manoma, kad per paskutinius 100 mety TB salygojo daugiau kaip 100 mi-
lijony Zmoniy mirtj [38]. Pasaulyje TB yra viena i§ deSimties dazniausiy mir-
ties priezasCiy, sukeliamy vieno infekcijos sukéléjo [39]. Vien 2019 metais
TB uzsikrété apie 10 milijony Zmoniy, nuo Sios ligos mir¢ 1,4 milijono [39].
Remiantis PSO duomenimis, mazdaug ketvirtadalis pasaulio Zmoniy yra in-
fekuoti TB [40] ir jie sudaro natiiraly $io patogeno rezervuarg [41].

Naujy TB atvejy skaicius pasaulyje mazé¢ja mazdaug 2 proc. per metus
[39], kas néra pakankama siekiant uzsibrézty pasaulinés TB strategijos tiksly:
nuo 2015 iki 2035 mety sumazinti mirties nuo TB atvejy skaiciy 95 procen-
tais ir sumazinti naujy TB atvejy skai¢iy 90 procenty [42].

Nepaisant taikomy infekcijos kontrolés priemoniy, nacionaliniy TB pro-
gramy, tiesiogiai stebimo gydymo strategijos (DOTS, angl. directly observed
treatment strategy), TB problema pasaulyje iSlieka aktuali [6, 39], ypac dél
TB mikobakterijy, pasizyminciy atsparumu vaistams, atsiradimo bei TB pliti-
mo ZIV infekuotyjy tarpe [8]. DVA-TB PSO paskelbta visuomenés sveikatos
krize [39]. Jau 1946-1947 metais, po streptomicino jvedimo TB gydymui,
pastebétas TM atsparumo vaistams vystymasis [43]. Igytas TM atsparumas
vaistams daZniausiai yra jatrogeniné komplikacija [44, 45] kuri sukeliama
dirbtinés atsparuma salygojanc¢iy mutacijy selekcijos M. tuberculosis genome
skiriant netinkamg gydyma arba per anksti jj nutraukus [44, 46]. 2018 me-
tais PSO Europos regione tiriant TM atsparumg vaistams, DVA-TB nustatyta
3,7 proc. tarp visy TB atvejy [4].

Lietuva priklauso 18 didelio prioriteto Saliy PSO Europos regione [47]
ir minima tarp Saliy Siame regione nustatanciy didziausig DVA-TB dalj tarp
visy Salies viduje nustatomy TB atvejy [48]. Tarp naujy TB atvejy Lietuvo-
je DVA-TB 2020 metais sudaré¢ 12 proc. [49]. Nors nuo 2016 iki 2020 m.
DVA-TB naujy atvejy sumazéjo beveik per pus¢ (nuo 115 iki 60 atvejy),
DVA-TB dalis tarp visy naujy atvejy islieka panasi (13 proc. — 2016 metais,
12 proc. — 2020 metais) [49]. Daugiau nei 55 proc. plau¢iy Y VA-TB kasmet
nuo 2014 iki 2017 buvo nustatoma dviejose PSO Europos regiono Salyse: Lie-
tuvoje ir Rumunijoje [4]. 2019 metais Siose dviejose Salyse nustatyta 75 proc.
18 visy regiono Y VA-TB atvejy [50]. Paskutiniais duomenimis, Lietuvoje tarp
visy DVA-TB atvejy, 36,3 proc. sudaro YVA-TB [51].

Kita problema, su kuria susiduria Lietuva, yra didelis pakartotiny TB atve-
ju skaicius. Pavyzdziui, 2019 metais 17,3 proc. 1§ visy registruoty TB atve-
Jju nustatyti jau anksciau TB sirgusiems pacientams [52]. Didelé pakartotiny
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atvejy dalis, PSO duomenimis, gali biiti nulemta buvusios klinikinés gydymo
nes¢kmés, blogo gydymo rezimo laikymosi ar galimos reinfekcijos [4].

1.2. Tuberkuliozés diagnostika

Aktyvios TB nustatymas remiasi klinikiniy simptomy ir anamnezés jver-
tinimu, kartu su radiologiniais poZymiais ir mikrobiologine diagnostika [53].

TB budingi simptomai yra ilgiau kaip 2-3 savaites trunkantis kosulys su
ar be skrepliavimo, neaiskios kilmés kar§¢iavimas, prakaitavimas, svorio kri-
timas [54]. Kraujo atkoséjimas pasitaiko reciau. Visgi vien dél to, kad paci-
entas nejaucia simptomy aktyvios TB atmesti negalima, ypac tais atvejais kai
TB serga imuniteto sutrikimy turintys asmenys [55].

Plauc¢iy TB budingi radiologiniai pokyc¢iai yra plauciy infiltracija virSu-
tinése skiltyse, ypa¢ su irimo pozymiais, greta esanciais zidiniais; dauginiai
jvairaus dydzio, vietomis susiliejantys zidiniai; smulkiy zidiniy sankaupa
vienoje skiltyje; ertminiai, ypac storasieniai, dariniai. Taciau kriitinés lastos
rentgenogramoje nerandant poky¢iy, bidingy TB, tai plauc¢iy TB taip pat ne-
paneigia [53].

Visi asmenys turintys TB biidingy simptomy, anamnezg ir rizikos veiks-
niy, turéty biti tiriami dél plauciy ir/ar ekstrapulmoninés TB [56]. Auksinis
aktyvios TB diagnostikos standartas — TM iSauginimas pas¢lyje. Kai yra bi-
dingy klinikiniy ir radiologiniy pozymiy, TB gali buti diagnozuota remian-
tis ir kitais metodais: éminiuose genotipiniais (molekuliniais) diagnostikos
metodais patvirtinus TM arba esant budingiems pokyc¢iams plauciy, pleuros,
limfmazgio ar kito organo biopsiné¢je medziagoje. Remiantis Europos Respi-
ratology draugijos (angl. European Respiratory Society, (ERS)) rekomenda-
cijomis [56], visiems pacientams, kuriems jtariama plauciy TB ir kurie sugeba
i8koseti skrepliy, rekomenduojama istirti bent du skrepliy éminius mikrosko-
piskai ir vieng — atliekant greita genotipinj tyrimg dél TM. Esant galimybei,
ERS rekomenduoja genotipin} TM tyrimg atlikti kuo anksciau, idealiu atveju
ta pacig diena, kai nustatomas jtariamai TB sergantis pacientas [6].

Siuo metu pasaulyje labiausiai prieinami genotipiniai metodai yra automa-
tizuoti tikro laiko nukleininés riigSties amplifikacijos metodai greitai TM ir
rifampicino atsparumo diagnostikai (pavyzdziui, GeneXpert platforma) ir at-
virkstineés hibridizacijos su specifiniais Zymenimis metodas TM ir atsparumo
kai kuriems vaistams nustatymui [57]. Viso TM genomo sekoskaita gali biiti
atliekama kai kuriose Salyse moksliniais tikslais, taciau vis dar retai taikoma
klinikingje praktikoje. Genotipiniy tyrimy rezultatai turi biiti patvirtinami fe-
notipiniais (pasélio auginimo) metodais [56]. Fenotipinei TM diagnostikai
ypatingai svarbu gauti kokybiSka éminj, kad bty uZtikrinta tinkama mikro-
biologinés diagnostikos kokybe [54]. To siekiama suteikiant pacientui aiSkius
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nurodymus kaip iSkoséti skreplius, uztikrinant tinkamg éminio surinkima, lai-
kyma, transportavima ir tyrimy atlikima.

1.3. Tuberkuliozés mikobakterijy jautrumo vaistams tyrimas

Savalaikis TM jautrumo vaistams iStyrimas ypac svarbus gydant sergantj
TB. JVT rekomenduojama atlikti visiems naujiems pacientams prie§ prade-
dant gydyma, ir kartoti, jei gydant naujg TB atvejj, skrepliuvose RAB randa-
mos trecig, penktg ar vélesnj gydymo meénesj [53].

JVT atlikimo metodus galima suskirstyti j dvi pagrindines grupes: feno-
tipiniai metodai — jais suzinoma ar TM padermé auga po pas¢jimo i terpe
su pasirinktu vaistu nuo TB (atspari) arba jos augimas slopinamas (jautri);
genotipiniai metodai — nustatomos TM specifinés geny mutacijos, susijusios
su atsparumu tam tikriems vaistams nuo TB.

Fenotipiniai JVT gali biiti atliekami standZiosiose ir skystosiose mitybiné-
se terpése ir yra skirstomi j tiesioginius (koncentruotas éminys tiesiogiai pase-
jamas | terpe su vaistais ir be vaisty) ir netiesioginius (proporcijy, absoliuciy
koncentracijy ir atsparumo proporcijy metodai). Fenotipiniai JVT geriausiai
patvirtina vaistams atsparig TB, bet jy atlikimo laikas ilgas (trumpiausiai —
skystose terpése 7-10 dienos, standziose 2—4 savaités), tikslumas jvairiems
vaistams skirtingas. Fenotipiniais metodais tiksliausi rezultatai gaunami ti-
riant TM jautrumg rifampicinui ir izoniazidui, maziau tiksliis — streptomici-
nui, etambutoliui ir pirazinamidui [53, 58, 59]. Fenotipiniai JVT II eilés vais-
tams skystojoje Bactec MGIT terp¢je yra laikomi auksiniu standartu [53, 60],
taciau jie yra maziau tikslis nei I eilés vaistams. PSO ekspertai rekomenduoja
atsparia TB sergantiems ligoniams fenotipiniais metodais tirti jautrumg ami-
noglikozidams (kanamicinui ir amikacinui), polipeptidams (kapreomicinui)
ir fluorochinolonams (ofloksacinui, levofloksacinui, moksifloksacinui, gati-
floksacinui). Jprastai fenotipiniy JVT etionamidui, protionamidui, cikloseri-
nui, terizidonui, paraaminosalicilinei rigsc¢iai, klofaziminui, amoksicilinui su
klavulano rtig§timi, klaritromicinui, linezolidui, imipenemui, meropenemui,
tiocetazonui atlikti nerekomenduojama, nes jie néra standartizuoti ir laborato-
rijos negali uztikrinti $iy tyrimy patikimumo ir atkartojamumo [53].

Genotipiniai JVT turi privaluma, pries fenotipinius, nes juos atlikti galima
greiCiau. Vienas dazniausiai naudojamy tai GeneXpert MTB/RIF (Cepheid,
Kalifornija, JAV) testas. Remiantis metaanaliziy duomenimis neigiamos skre-
pliy mikroskopijos atveju Xpert MTB/RIF turi 67 proc. jautruma ir 99 proc.
specifiSkuma, teigiamos skrepliy mikroskopijos ir pasélio atveju — 98 proc.
jautrumg TM nustatymui, o rifampicino atsparumo nustatymui — 95 proc.
jautrumg ir 98 proc. specifiSkumg [61]. Atsparumas rifampicinui nustatomas
tiriant 7poB regiona, kuris koduoja ribonukleininés riigSties (RNR) polimera-
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z¢s subvienety, kuriame randama daugiau nei 95 proc. mutacijy salygojanciy
atsparumg Siam vaistui [62]. Tik rifampicinui atsparios TB ar DVA-TB atve-
ju, IT eilés vaisty (fluorochinolonams ir leidziamiesiems vaistams) jautrumui
nustatyti, rekomenduojama naudoti molekulinj GenoType MTBDRsl VER 2.0
(Hain Lifescience, Nehren, Vokietija) tyrima. Jis sukurtas siekiant sutrumpin-
ti antros eilés JVT atlikimg ir juo rezultatg galima gauti per 1-2 dienas [60].
Sio testo metu nustatomos mutacijos §iuose genuose: gyrd (atsparumas fuo-
rochinolonams), 7rs (atsparumas kanamicinui, amikacinui, kapreomicinui),
embB (atsparumas etambutoliui) [60]. GenoType MTBDRplus (Hain Life-
science, Nehren, Vokietija) testo metu nustatomas atsparumas rifampicinui ir
izoniazidui, tai yra $iuo tyrimu galima nustatyti DVA-TB. Jo metu atlickama
polimerazés grandinés reakcija ir deoksiribonukleoriigsties (DNR) hibridi-
zacija ir amplifikacija. Vertinamos trijy geny mutacijos: rpoB, katG ir inhA.
GenoType MTBDRplus jautrumas rifampicino nustatymui 100 proc. speci-
fiSkumas 97,3 proc., izoniazidui — 91,9 proc. jautrumas, 98,4 proc. specifis-
kumas [63]. GenoTjype tyrimai, metaanalizés duomenimis, turi didelj jautru-
ma ir specifiSkuma tiriant TM izoliatus i§ gryny kulttiry: 95 proc. jautrumas,
100 proc. specifiSkumas [64]. Tiriant tiesiogiai i$ klinikiniy éminiy, jautrumas
varijuoja tarp 80—100 proc., specifiSkumas iSlieka 100 proc. [65]. Dél didelio
tyrimo jautrumo ir specifiSkumo, rekomenduojama tirti tiesiogiai apdorotus
skreplius arba TM kultiirg, tiek suaugusiems, tiek vaikams, nepriklausomai
nuo to ar mikroskopiSkai aptinkamos RAB. Visgi atkreipiamas démesys, kad
Siy tyrimy rezultatai yra tikslesni 1§ mikroskopiskai teigiamy skrepliy [53]:
atsparumo ofloksacinui ir amikacinui nustatymo jautrumas atitinkamai 90,7
ir 100 proc., specifisSkumas 98,1 ir 99,4 proc. [66]. Atsparumg moksifloksaci-
nui sitiloma tirti fenotipiniais metodais [67].

TM atsparumas vaistams gali buti nustatomas ir jvairiais nekomerciniais
fenotipiniais metodais, kurie yra alternatyviis automatizuotiems standartizuo-
tiems komerciniams metodams. Vis tik, Sie tyrimai maZiau standartizuoti ir
labiau priklauso nuo juos atliekancio personalo kvalifikacijos, todél turéty
buti atliekami tik referentinése centralizuotose laboratorijose [57].

1.4. Tuberkuliozés mikobakteriju atsparumas naujiems vaistams nuo
tuberkuliozés

DVA-TB gydymui vartojami medikamentai daZniausiai yra maziau efek-
tyvis ir labiau toksiski, negu naudojami jautrios vaistams TB gydymui [68],
dél to jprastai DVA-TB gydymui skiriamas gydymo kursas trunka gerokai
ilgiau, be to yra susietas su sunkiais $alutiniais vaisty poveikiais. Nepaisant
ilgos gydymo trukmés, tik 57 proc. DVA-TB pacienty pasaulyje pavyksta
s¢kmingai iSgydyti [42].
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2012 metais JAV Maisto ir vaisty administracija (angl. Food and drug
administration (FDA)) patvirtino pirmg naujg vaista nuo TB per daugiau nei
keturiasdeSimt mety — bedakviling. Mazdaug po SeSiy ménesiy dar vienas
naujas vaistas — delamanidas, buvo patvirtintas Europos vaisty agentiiros
(angl. European Medicines Agency (EMA)).

Bedakvilinas, yra adenozino trifosfato sintetazés inhibitorius, pirmas per
daugel} mety jdiegtas naujas vaistas DVA-TB gydymui. 2012 metais patvir-
tinta Sio vaisto indikacija buvo vartojimas kombinacijoje su kitais vaistais
esant plauc¢iy DVA-TB, kai kitaip negalima sudaryti efektyvaus gydymo rezi-
mo [69]. Bedakvilino patvirtinimas buvo svarbus Zingsnis siekiant pagerinti
DVA-TB gydymo iSeitis [70].

Delamanidas ir dar vienas naujas vaistas pretomanidas (kuris buvo pa-
tvirtintas FDA 2019 metais Y VA-TB ir nepasiduodancios gydymui DVA-TB
gydymui) sutrikdo riig§¢iy, kurios yra mikobakterijos sienelés komponentai,
biosinteze [71]. Abu Sie medikamentai yra provaistai, kuriems reikia metabo-
linés kofaktoriaus F,, sukeliamos aktyvacijos [72].

Klofaziminas — vaistas atrastas dvideSimto amziaus viduryje ir naudotas
raupsy gydymui [73], nuo 2016 mety PSO rekomenduojamas ir DVA-TB gy-
dymui. Klofaziminas, kaip ir bedakvilinas, pazeidzia TM energijos metabo-
lizma [74]. Jis veikia kaip II tipo NADH dehidrogenazés substratas ir sukelia
reaktyvaus deguonies susidaryma [74].

Linezolidas — antibiotikas atrastas paskutiniame praéjusio amziaus de-
Simtmetyje ir klinikiniam naudojimui aprobuotas 2000 metais. Tai oksazo-
lidinonas, naudojamas gramteigiamy bakterijy sukelty infekcijy ir DVA-
TB gydymui. Sis vaistas geba prisijungti prie TM tRNR ant 50S ribosomos
subvieneto ir jj uzblokuoti [75, 76]. Siuo metu linezolidas PSO DVA-TB vais-
ty klasifikacijoje priskiriamas A grupés vaistams, tai yra, turéty biiti skiriamas
DVA-TB gydymui visada, i§skyrus atvejus, kai nustatomos kontraindikacijos
Sio vaisto skyrimui. ISgérus, linezolidas greitai ir gerai pasisavinamas [77],
gerai prasiskverbia ] bronchoalveolinius audinius ir sloping bakterijos balty-
my sinteze¢ [78].

Nepaisant to, kad naujieji vaistai TB gydymui pradéti naudoti dar palyginti
neseniai, jau kyla problemy d¢l jiems besivystancio atsparumo [79, 80], taip
pat dél kai kuriy vaisty, pavyzdziui, bedakvilino su klofaziminu [76], kryz-
minio atsparumo.

Pirmasis pacientas, uzsikrétes bedakvilinui atsparia TB, nustatytas dar
2014 metais [81], tai yra praéjus vos dviems metams nuo PSO rekomenda-
cijos bedakviling naudoti TB gydymui. Pakistane bedakvilinas pradétas nau-
doti 2015 metais, o pirmi $esi atvejai Siam vaistui atspariy TM nustatyti jau
2017-2018 [82]. Lietuvoje bedakvilinas naudoti pradétas 2015-2016 me-
tais. Pirmieji duomenys apie atsparumag naujiesiems vaistams paskelbti tik
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2021 metais [83] — Lietuvoje taip pat jau yra pacienty, kuriems nustatyta be-
dakvilinui atspari TB. Pirmosios mutacijos salygojusios TM atsparuma beda-
kvilinui nustatytos atpE gene [84, 85]. Literatiiroje apraSoma keliolika atpE
mutacijy, sukelian¢iy atsparuma Siam vaistui. Priklausomai nuo konkrecios
mutacijos, minimali slopinamoji koncentracija (MSK) gali padidéti nuo 8 iki
133 karty [76]. Siuo metu jau Zinoma, kad atsparumga bedakvilinui salygo-
ja mutacijos atpE, Rv0678, pepQ (Rv2535¢c) ir Rvi979¢ genuose [86, 87].
KryZminis atsparumas tarp bedakvilino ir klofazimino pasireiSkia d¢l muta-
cijy Rv0678, pepQ, mmpR [76, 79, 88]. D¢l kiekvienos mutacijos poveikio
MSK gali padidéti 2—4 kartus abiems vaistams [76]. Dél kryzmin;j atsparuma
salygojan¢iy mutacijy, atsparumas bedakvilinui gali buti nustatomas ir tada
jei pacientas §io vaisto dar nebuvo vartojes ar buvo vartojes tik klofazimi-
ng [79]. Svarbus veiksnys, salygojantis atsparumo bedakvilinui vystymasi,
Ji vartojantiems pacientams, yra ilgas bedakvilino skilimo pusperiodis — kai
pacientas nutraukia gydyma, bedakvilino koncentracija jo organizme dar ilgg
laikg biina padidéjusi [79].

Kaip jau minéta, atsparumas klofaziminui gali i$sivystyti dél mutacijy
mmpR, Rv0678 ir pepQ genuose [76, 88]. Taip pat, atsparumas klofaziminui
gali atsirasti dél mutacijos Rv/979c¢ gene, kur atsparumo mechanizmas dar
néra aiSkus [89]. MSK, esant Siai mutacijai, padid¢ja salyginai nedaug — iki
4 karty [76].

Remiantis literatiiros duomenimis, atsparumg linezolidui sglygoja mutaci-
jos Siuose genuose: rp/C (genas koduoja 217 aa L3 ribosomos baltymg, MSK
koncentracija didéja 4-32 kartus), 7/ (MSK didéja 8-50 karty) [76].

I8 viso aprasyta bent 12 skirtingy mutacijy fgd 1, fbiA, fbiB ir fbiC genuose,
kurios sukelia atsparumg delamanidui ir 106 — sukelianc¢ios atsparuma preto-
manidui [76].

1.5. Tuberkuliozés gydymas

Remiantis galiojanciu Lietuvos Respublikos sveikatos apsaugos ministro
1sakymu (Nr: V-2570, 2020-11-10) [90], patvirtinus TB diagnozg, pacientas
siunCiamas stacionariniam gydymui j} TB gydymo paslaugas teikiancig as-
mens sveikatos priezitiros jstaigg ir gydymas pradedamas stacionare, nebent
yra atitinkamos salygos izoliuotis namuose ir maza gydymo rezimo pazeidi-
my tikimybé. Gydant TB ir ambulatoriSkai, ir stacionare taikomas tiesiogiai
stebimas gydymas (DOTS strategija). Gydant TB siekiama $iy tiksly: paskirti
tinkama gydymo rezima, atlikti kontakty patikra, uztikrinti gydymo rezimo
laikymasi, stebéti ir dokumentuoti gydymo iSeitis [56].

Visi pacientai, kuriems nustatyta jautri vaistams TB turéty gauti rekomen-
dacijy patvirtinta gydymo schema, pirmus 2 meénesius skiriant nustatytas ri-
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fampicino, izoniazido, etambutolio ir pirazinamido dozes, véliau, tgsimo fa-
z¢je, skiriant rifampicing ir izoniazidg dar 4 ménesius.

Nustacius atsparumg vienam ar keliems vaistams nuo TB gydymo rezimas
keiciasi. Lietuvoje, sveikatos apsaugos ministro jsakymu, patvirtintos gydy-
mo schemos pateikiamos 1.5.1 lentel¢je.

1.5.1 lentelé. Gydymo schemos esant vienam ar keliems vaistams atspariai
tuberkuliozei

Minimali

Atspz?rur-nas Gydymo schema gydym'o Pastabos

vaistui trukmé,
mén.

H RL{xZE 6 Nerekomenduojama papildomai skirti
streptomicino ar kity injekciniy vaisty
nuo tuberkuliozes.

HirE (£S%) |R, Zir FQ" 9-12 | FQ pridedamas esant i$plitusiai plau¢iy
tuberkuliozei

H, E, Z (+S) |R, FQ, protionamidas, 18 Esant isplitusiai plauciy tuberkuliozei,

antraeilis injekcinis antraeiliai injekciniai vaistai skiriami

vaistas pirmus 2—3 6 mén. Pirazinamidas pridedamas, kai

gydymo mén. (£Z) jautrumas jam nezinomas. Jei po 2
gydymo mén. pasélyje aptinkama TM,
reikia pakartoti jautrumo tyrimus pir-
maeiliams ir antraeiliams vaistams.

*S — streptomicinas; R — rifampicinas; Z — pirazinamidas; H — izoniazidas; E — etambutolis;
Lfx — levofloksacinas; FQ — fluorochinolonas; TM — tuberkuliozés mikobakterijos.

Jei patvirtinta rifampicinui atspari TB (RA-TB), DVA-TB, YVA-TB, re-
miantis minétu jsakymu, intensyvi gydymo fazé trunka 240 dieny. Jei bai-
giantis 240 dieny gydymui paciento tiriamojoje medziagoje iSliecka RAB ar
TM, intensyvi gydymo fazé tesiama po 90 dieny iki tol, kol paciento tiriamo-
joje medziagoje nebus aptinkama RAB ar TM, arba bus konstatuojama gy-
dymo nesé¢kmé. Jei konstatuojama gydymo nesé¢kmé, gydymas pradedamas
i$ naujo.

Gydymo schema ilgesniems DVA-TB, YVA-TB ir RA-TB gydymo reZi-
mams sudaroma i$ vaisty nurodyty 1.5.2 lenteléje.
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1.5.2 lentelé. Rifampicinui

mui vartojami vaistai

ir daugeliui vaisty atsparios tuberkuliozés gydy-

sudaryti gydymo schemos i$

Grupé Vaistas Santrumpa

Grupé A Levofloksacinas arba moksifloksacinas | Lfx arba Mfx
Bedakvilinas Bdq

Skiriami trys vaistai (nebent jy |Linezolidas Lzd

skirti negalima)

Grupé B Klofaziminas Cfz

Skiriami vienas arba du vaistai |Cikloserinas arba terizidonas Cs arba Trd

Grupé C Etambutolis E
Delamanidas DIm

Skiriama, nesant galimybés Pirazinamidas zZ

A ir B grupiy vaisty Imipenemas-cilastatinas' arba Ipm-Cln arba
meropenemas’ Mpm
Amikacinas Am
(Streptomicinas, kanamicinas, (S, Km, Cm)

kapreomicinas)?

Etionamidas arba protionamidas Eto arba Pto

p-aminosaliciliné rtigstis PASR

! Amoksicilinas su klavulanine riigstimi skiriami kartu su kiekviena Imp-Cln ar Mpm doze,
taciau néra skaiciuojamas kaip atskiras vaistas ir neturéty biiti vartojamas kaip atskiras vais-
tas.

2 D¢l Am, S, Km ir Cm skyrimo gali bati svarstoma, jei nustatomas TM jautrumas Siems
vaistams bei gali buti uZtikrintas aukstos kokybés audiologinio tyrimo atlikimas vertinant
klausos sutrikimus. S, Km, Cm skiriami tik nustac¢ius TM atsparumg Am ir esant i§likusiam
TM jautrumui Siems vaistams.

DVA-TB gydymui skiriami 3 vaistai 1§ A grupés bei maziausiai vienas
vaistas 1S B grupés. Nesant galimybés (dél TM atsparumo ar vaisty netole-
ravimo, trikumo) sudaryti gydymo schemos i§ A ir B grupiy vaisty, skiriami
vaistai 1§ C grupés. Intensyvaus gydymo fazéje skiriami 4-5 vaistai, gydymo
tesimo faze¢je — 3—4 vaistai.

PSO rekomendacijose [91] rekomenduojama viso gydymo trukmé DVA-
TB atveju yra 18-20 ménesiy (ir 15—17 ménesiy po pasélio konversijos). Gy-
dymo trukmé gali biiti koreguojama pagal paciento atsaka j gydyma. Inten-
syvioje gydymo fazéje rekomenduojama skirti bent 4 vaistus, tgsimo — bent
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3. Skiriant amikacing ar streptomicing intensyvios fazés trukmé 6—7 ménesiai
[91].

Remiantis Amerikos kriitines lastos draugijos/Ligy kontrolés ir prevenci-
jos centry/Europos respiratology draugijos/Amerikos infekciniy ligy draugi-
jos 2019 mety rekomendacijomis [92] DVA-TB gydymas, nors sudaromas
pagal ta pacig lentele (1.5.2 lentel¢), rekomenduojamas kiek didesnés apim-
ties: rezimas sudaromas i§ 5 arba daugiau vaisty. Rekomenduojama skirti
bent 5 vaistus intensyvioje fazé¢je, bent 4 tesimo fazéje. Rekomenduojama gy-
dymo trukmé taip pat ilgesné: 15-21 ménesiy po pasélio konversijos (Y VA-
TB atveju — 15-24 mén po pasélio konversijos). Lietuvoje patvirtintose reko-
mendacijose rekomenduojama intensyvioje gydymo fazéje skirti 45 vaistus,
tesimo — 3—4 [90].

Atsiradus naujiems vaistams nuo DVA-TB, tapo jmanomas naujy, trum-
pesniy gydymo schemy sudarymas [68]: prie$ keleta mety apraSytas 9 mé-
nesiy BangladeSo rezimas [93] su klofaziminu, véliau 6-9 ménesiy gydy-
mo rezimas, kurio metu naudojamas pretomanidas, apraSytas Nix TB tyrime
[94]. Trumpesnio RA-TB ir DVA-TB gydymo schema pateikiama ir mi-
nétame Lietuvos Respublikos sveikatos apsaugos ministro jsakyme [90].
4 ménesius (su galimybe pratesti iki 6 ménesiy, jei po keturiy ménesiy gy-
dymo paciento skrepliuose licka RAB) skiriami bedaklivinas, levofloksaci-
nas arba moksifloksacinas, protionamidas, etambutolis, didelémis dozémis
izoniazidas, pirazinamidas ir klofaziminas. Gydymas bedakvilinu t¢siamas
iki 24 savaiciy. Po pradinio 4-6 mén. gydymo, gydymas tesiamas dar 5 mé-
nesius skiriant levofloksacing arba moksifloksacing, etambutolj, pirazinami-
da ir klofaziming. Trumpesnis RA-TB ir DVA-TB gydymo rezimas gali biiti
naudojamas: esant naujam TB atvejui, kai nenustatytas TM atsparumas nei
vienam i$ pagal rezimg naudojamy vaisty (iSskyrus didelés dozés izoniazida
(10-15 mg/kg/d.)); kai pacientas antraeiliais vaistais TB gydyti gydytas ne
ilgiau kaip 1 ménesj. (arba nustatytas TM jautrumas Siems vaistams); kai TB
neisplitusi, néra sunkios ekstrapulmoninés TB formos; ne nésc¢ioms pacien-
téms gydyti; pacientams nuo 6 mety amziaus. Beveik identiSkos rekomen-
dacijos pateikiamos PSO rekomendacijose, taciau jose vietoj protionamido
rekomenduojama skirti etionamidg [91].

1.6. Tuberkuliozés gydymo efektyvumo vertinimas

TB gydymo vertinimas reikalingas tam, kad buty palengvintas sprendimy
del TB gydymo trukmes ir gydymo korekcijos priémimas. Nepaisant ilgo gy-
dymo, kai kuriems pacientams vaisty dozés gali biiti nepakankamos, TM in-
fekcija gali pasikartoti, gali biiti didesné DVA-TB rizika, reikalingas ilgesnis
gydymas ar jo korekcija.
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Siuo metu klinikinéje praktikoje TB gydymo vertinimui dazniausiai nau-
dojami mikrobiologiniai ir radiologiniai metodai. Skrepliy pasé¢lis yra auksi-
nis TB gydymo vertinimo standartas [95]. Jau ijrodyta, kad skrepliy pasélio
konversija yra naudinga vertinant TB gydymo efektyvuma [96]. TB gydy-
mo vertinimas apibréZiamas ir teisés aktais. Lietuvoje Siuo metu galiojantis
sveikatos apsaugos ministro jsakymas [90] nurodo, kokie tyrimai turi buti
paimami prie§ pradedant TB gydyma. Tarp jy: skrepliy ar kitos medziagos
mikroskopija dél RAB, pas¢liai dél TM standZzioje ir skystoje terpéje, JVT
pirmaeiliams vaistams nuo TB, kriitinés 1gstos rentgenograma, CRB kon-
centracija. Vertinant gydymo efektyvumg, nurodoma intensyviosios gydymo
fazés pabaigoje, po penkiy ir po SeSiy gydymo ménesiy atlikti bakteriologi-
nius tyrimus dél TM (pasélj bei mikroskopija) bei kriitinés lastos rentgeno-
gramg. Esant vaistams atspariai TB, nurodoma bakteriologinius TM tyrimus
kartoti kas 1 ménesj intensyvios gydymo fazés metu. Kriitinés lastos tiesines
rentgenogramas rekomenduojama kartoti kas 3 ménesius.

Genotipiniai tyrimai, naudingi ir greitai atliekami siekiant diagnozuoti TB,
gydymo monitoravimui nebetinka — dél savo savybés nustatyti TM DNR jie
gali iSlikti teigiami net ir tada kai paciento skrepliuose nebelieka gyvy TM
[6, 97]. Siuo metu ieskoma metody, kaip molekuliniais testais atskirti kada
éminyje dar yra gyvy TM. Vienas i§ sitilomy sprendimy — tirti ne bakterijy
DNR, o RNR [6] arba paimta éminj prie$ tyrimg paveikti medziagomis, ku-
rios suskaidyty laisvg mikobakterijy DNR [98]. Tokie tyrimai iSties gali buti
naudingi ateityje, taciau jy jvedimas ] kasdien¢ klinikine praktika gali bati
brangus ir sudétingas [6].

Skrepliy mikroskopija ilga laika buvo naudota gydymo monitoravimui ir
ankstyva skrepliy mikroskopijos konversija iki §iol yra vienas i§ sékmingo
TB gydymo pozymiy [99]. Skrepliy mikroskopija iSlieka naudingu tyrimu
siekiant nustatyti gydymo nesékmes galimybe ir naudojama sprendziant dél
gydymo trukmes ilginimo. Vis tik, atliktuose tyrimuose nurodoma, kad skre-
pliy mikroskopija po 2 gydymo ménesiy turi mazg jautrumg (34-80 proc.)
[100] ir vidutinj specifiSkumg vertinant gydymo nesékmés ir recidyvo tiki-
mybe [101].

Nurodoma, kad pasélio konversija po 2 gydymo meénesiy prognozuoja
s¢kmingg gydyma be recidyvo ateityje (koreliacijos koeficientas R? = 0,86)
[102]. Skrepliy paselio konversija laikoma situacija, kai dviejuose i§ eilés
skrepliy paséliuose su 30 dieny pertrauka, nebeaptinkamos TM, kai pasélyje
pries tai jos buvo aptiktos. Pasé¢lio konversijos laikas skai¢iuojamas nuo pir-
mo neigiamo paselio [7]. Pasélio konversija, kaip dabartinis gydymo efekto
vertinimo standartas, naudojamas antros fazés klinikiniuose tyrimuose. Kai
kuriy tyréjy nurodoma, kad pasélio konversija — stiprus teigiamos gydymo
iSeities prediktorius [6], vis tik kity autoriy duomenimis, pasélio konversija
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po 2 gydymo ménesiy turi mazg jautruma ir tik vidutiniska specifiSkuma pro-
gnozuojant sekmingg gydyma [101, 103, 104]. Vartojant kaip gydymo efek-
tyvumo jrankj, pasélio konversija turi dar keletg trilkumy. Visy pirma — ilgas
pasélio atsakymo laukimo laikas, taip pat kontaminacijos galimybeé, skrepliy
i8kos¢jimo reikalingumas gydant plau¢iy TB. Pastarasis triikumas ypac aktu-
alus gydant vaikus ir pacientus, kuriems jprastai nustatoma TB su mazai ba-
cily skrepliuose, pavyzdziui ZIV infekuoti pacientai. Mikrobiologiniy tyrimy
atlikimas taip pat gali buiti apsunkintas gydant ekstrapulmoning TB, be to, net
ir esant plauciy TB, skrepliy kiekis ir kokybé mazé¢ja gydymo eigoje, kas taip
pat apsunkina éminio paémima.

Dar vienas, daznai klinikinéje praktikoje naudojamas tyrimas plauciy TB
gydymo vertinimui, yra kriitinés lastos rentgenograma. Tai taip pat yra ir pa-
grindinis radiologinis metodas TB diagnostikai ir patikrai [105]. Sis tyrimas,
atliekant pakartotinai gydymo metu, gali pasitarnauti ir vertinant gydymo
efektyvumga [6]. Siam tikslui §iuo metu tyringjamai ir kiti radiologiniai me-
todai, pavyzdZziui, pozitrony emisiné tomografija — kompiuteriné tomografija
[106].

Reciau gydymo monitoravimui gali buti pasitelkiamas vaisty koncentraci-
jos kraujyje matavimas. Tai gali biiti naudinga jvairiose klinikinése situaci-
jose, pavyzdziui, gydant pacientus, kuriems nustatoma didelé gydymo nesé-
kmeés tikimybe, siekiant nustatyti optimalig vaisto doze [107], esant nedidelio
laipsnio atsparumui skiriamiems vaistams nuo TB. Taciau vis tik dar triiksta
duomeny apie tai, kokios kai kuriy vaisty koncentracijos turéty bati laikomos
optimaliomis [107].

D¢l visy iSvardinty priezas¢iy, biity naudinga rasti zymenj, galintj pakeisti
gydymo efektyvumo zymenis [6, 108]. Patikimy zymeny truikumas vertinant
TB gydymo efekta trikdo ir naujy vaisty nuo TB tyrimus [109]. TB eksperty
siiloma vietoje Zymeny i§ skrepliy tirti galimus zymenis 1§ kraujo [104, 109]:
tai lengviau prieinama terpé ir nepriklauso nuo TB lokalizacijos (plauciy ar
ekstrapulmoning); be to suteikia galimybe tirti daugiau nei vieng Zymenj vie-
nu metu ir taip padidinti tyrimo patikimumag; Sie tyrimai lengviau prienami
pasaulio vietovése, neturiniose moderniy laboratorijy. TB gydymo monito-
ravime tokie Zymenys gali atlikti svarby vaidmen;: jspéti apie recidyvo tiki-
mybe, patvirtinti, kad gydymas efektyvus, pagerinti kliniking prognoze [110],
nustatyti ligos sunkumg ir i$plitima, biiti kriitinés 1astos rentgenogramos al-
ternatyva, buti naudingi klinikiniuose tyrimuose skirstant pacientus i grupes
pagal rizika [109], taip pat galéty buti naudingi ne tik monitoruojant, bet ir
diagnozuojant TB [110].
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1.7. BioZymenys tuberkuliozés diagnostikoje ir tuberkuliozés gydymo
efektyvumo vertinime

Siekiant pagerinti TB diagnostikos ir gydymo monitoravimo galimybes,
Jvairiis autoriai rekomenduoja tirti biozymenis, kurie, idealiu atveju, bty ne-
brangts, neinvazyviis, jautris ir specifiski [8,110].

Biozymenys gali buti: TM komponentai; antiktiniai, atsirad¢ kaip atsakas
1 TM antigenus; Igstelinio imuniteto atsako lgstelés; uzkréstojo biozymenys
(angl. host biomarkers); ,,omikos™ (genomika, transkriptomika, proteomika,
metabolomika) metodais nustatomi biozymenys.

1.7.1. Tuberkuliozés mikobakterijos komponentai

Kaip biozymenys TB gydymo vertinimui ir/ar diagnostikai tyrinéjami Sie
TM komponentai: lipoarabinomananas (LAM), mikolinés riigstys, 30-35 kDa
antigeno 85 kompleksas (Ag85A, Ag85B, ir Ag85c), ankstyvos sekrecijos
antigeno taikinys-6 (angl. early secretory antigen target-6), pasélio filtrato
baltymas (angl. culture filtrate protein-10 (CFP-10)), PT64.

Vienas daugiausiai tyrinéty TM komponenty — LAM. Tai vienas i$ trijy
pagrindiniy lipopolisacharidy, sudaran¢iy TM sienelg. LAM yra imunogeni-
nis ir vienas pagrindiniy TM virulentiSkumo veiksniy, saglygojanciy TM iSgy-
venimg zmogaus organizme [108]. IS trijy galimy LAM varianty, svarbiau-
siu laikomas su manoze susijunges LAM (angl. mannose-capped LAM) — tai
stipriai veikiantis prieSuzdegiminis antigenas ir svarbus TM virulentiSkumo
veiksnys. Jungdamasis prie dendritiniy lasteliy ir makrofagy receptoriy Man-
LAM sutrikdo dendritiniy lasteliy brendimg ir fagocitinj aktyvuma, modu-
liuoja citokiny i$skyrimg ir sukelia imuniniy reakcijy slopinima [111-114].
Esant TB infekcijai, LAM patenka i aplinkinius audinius ir i§ metaboliskai
aktyviy, ir 1§ zustanciy TM, cirkuliuoja kraujyje ir pereina per glomeruly ba-
zing membrana [108,115,116]. Slapimas — lengviau nei skrepliai surenkamas
diagnostinis éminys ir ELISA (imunofermentin¢ analizé (angl. enzyme-linked
immunosorbent assay)) metodu LAM gali biti nustatomas TB serganciyjy
Slapime [115]. Yra ir klinikiniy tyrimy, kuriy metu LAM nustatinétas plauciy
TB serganciyjy skrepliuose, taciau tokiy tyrimy kol kas nedaug [117]. Tyré-
jy duomenimis, LAM koncentracija Slapime gali biiti naudinga prognozuo-
jant mirties tikimybe sergant TB [118]. Tyrimo atsakymo greitis priklauso
nuo naudojamo testavimo budo ir trunka nuo 20 minuciy iki 6 valandy. Vis
tik, PSO nerekomenduoja LAM tyrimo i§ §lapimo TB diagnostikai, iSskyrus
tuos atvejus kai TB jtariama ZIV infekuotam pacientui, kurio CD4 lasteliy
skaigius yra <200/ul ar ZIV infekuotam pacientui, kuris sunkiai serga, nepri-
klausomai nuo CD4 lasteliy skaiciaus, taip pat esant TB jtarimui pacientui
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infekuotam ZIV ir turin¢iam TB simptomy [119]. Tiriant ne ZIV infekuotus
pacientus LAM tyrimo jautrumas labai mazas (kai kuriy autoriy duomenimis
siekia tik 13 proc.) [108, 110].

Mikolinés rugstys yra lipidinis TM sienelés komponentas. Jos prisideda
prie TM sienelés struktiiros palaikymo, apsaugo mikobakterija nuo chemi-
nio pazeidimo ar dehidratacijos ir leidzia jai saugiai augti makrofagy viduje
[108]. Mikoliniy riigs¢iy nustatoma jvairiy tipy, labiausiai paplitusios — al-
fa-mikolatai [120]. Pastebéta, kad nuo mikoliniy riigsciy variacijos TM siene-
l¢je priklauso TM virulentiskumas ir fiziologija [108]. Sis TM komponentas
tyrinéjamas kaip galimas TB bioZymuo, taciau kol kas §io Zymens tyrimai
apsiriboja paleopatologiniais tyrimais [121].

Antigeno 85 kompleksas (Ag 85) — vienas svarbiausiy TM sekretuojamy
antigeny, randamas ir TM sieneléje. Sis kompleksas sudarytas i§ trijy atski-
ry baltymy — A, B ir C, kurie yra koduojami trijy geny fbpA, fbpB ir fopC2.
BiologiSkai aktyviausias i§ $iy baltymy — C baltymas [122], taciau visi trys
Ag 85 baltymai geba jungtis prie zmogaus fibronektino, ekstraceliulinio ma-
trikso glikoproteino, dél ko sumazéja makrofagy gebéjimas fagocituoti TM ir
palengvéja TM diseminacija j kitus organus [123]. Sis antigeno kompleksas
buvo nustatytas daugelyje TB serganciy pacienty biologiniy éminiy, tarp jy
kraujyje, Slapime, skrepliuose ir cerebrospinaliniame skystyje [124,125]. Vis
tik Sio Ag 85 tyrimo jautrumas jvairiuose klinikiniuose tyrimuose iSsiskiria
[110, 126, 127]. Ag 85, kaip TM bioZymens, potencialas lieka neaiskus ir
reikalauja tolimesniy tyrimy [108].

Kiti TM iSskiriami baltymai taip pat tirti dél galimybés juos naudoti dia-
gnostikai: ESAT-6, CFP-10 ir PT64 [110]. Siy baltymy naudojimo diagnos-
tikai jautrumas, jvairiy autoriy duomenimis, iSsiskiria [110]. Vieno tyrimo
metu bandyta naudoti visus Siuos baltymus, kas padidino diagnostikos jau-
trumg iki 90 procenty, taciau specifiSkumas TB isliko maziau 30 proc. [128].

1.7.2 Antikiiny atsakas j tuberkuliozés mikobakterijy antigenus

Patogenams specifiski antikiinai yra gana daznai naudojami ligy diagnosti-
koje, nes yra pakankamai lengvai atliekami ir daZzniausiai nebrangiis tyrimai.
Taciau humoralinis imunitetas TB atveju yra ganétinai neaktyvus, tod¢l kai
kurie autoriai teigia, kad serologiniai TB testai diagnostikai, prognozei ir gy-
dymo vertinimui néra tinkami [110]. Vis tik, suprantama, kad TB infekcijos
metu humoralinis imunitetas taip pat atlieka funkcijg. B limfocitai randami
TB granulomoje, taip pat stebimi B limfocity kraujyje pokyciai susije su TB
infekcija [129].

IS TM specifisSky antikiiny detaliausiai aprasyti antiktinai prie§ iSgrynintg
tuberkulino baltymo derivata (PPD, angl. purified protein derivative), antige-
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ng 60, ESAT-6, CFP-10, lipidy kilmés antigenus, kars¢io Soko baltyma [110].
Deja, Siy antikiiny tyrimai kol kas parodo tik ganétinai maza jy jautruma
(14-85 proc.) ir specifiskuma (53-98,7 proc.) [130-134].

Palyginti neseniai pradéti tirti antikiinai prie§ kitus TM antigenus, tokius
kaip RV0310c-E ir RVI255¢c-E. Sprendimus priimanc¢iojo ypatybiy kreivés
(angl. receiver operating characteristic, ROC) analizés duomenimis, seru-
mo IgG Siems antigenams jautrumas ir specifiSkumas pralenkia ESAT-6 ir
CFP-10 antiktiny tyrimy jautrumg ir specifiSkumg [135]. Tiriant antikiinus
pries TM antigeng P/2037, tyrimo jautrumas ir specifiSkumas aktyviai TB
nustatyti, naudojant kartu su tirpaus CD14 zZymens nustatymu, yra atitinka-
mai 92 ir 91 proc. [136]. Yra duomeny, kad TM antigeny, tokiy kaip pro-
lino-prolino-glutaminés riugsties baltymo 17 (angl. proline-proline-glutamic
acid protein 17) [137] ir mikobaktering DNR suriSancio baltymo (angl.
mycobacterial DNA binding protein) [138] antikiinai gali padéti diferencijuo-
ti latenting ir aktyvig TB.

1.7.3. Lastelinio imuniteto atsakas j tuberkuliozés mikobakterijos
antigenus

T limfocitai yra pagrindinis organizmo imuniteto prieS§ TM komponentas.
Tinkamas jy funkcionavimas ir diferenciacija apsaugo organizmg nuo sun-
kios TB infekcijos, o esant jy trikumui (ypa¢ trikstant CD4 limfocity) yra
zenkliai didesné tikimybé ne tik pirminés TB issivystymui (1.7.1 pav.), bet
ir TB reaktyvacijai [139]. Nors anks¢iau manyta, kad CD8 T limfocitai yra
maziau aktyviis imuninése reakcijose pries TB, pastaruoju metu pripazjstama
ir jy svarba [140].

‘ Bakterlms peptldas
Interferonas gama, Makrofagy
Antigeng tumoro nekrozés aktyvinimas,
pateikianti faktorius, ——— | fagocitozé ir
lastele interleukinai 2, 4, bakterijy
5, 6 ir kiti citokinai naikinimas
‘ Bakterija lastel¢je ‘

1.7.1 pav. Mikroorganizmy sukeliamo imuninio atsako schema esant vidu-
lgstelinems bakterijoms [141]

Antigeno pristatymas T limfocitams indukuoja 1gstelinj imuninj atsaka. Tai
jvyksta praéjus 2-6 savaitéms po infekcijos TM. Manoma, kad toks uzdelstas
atsakas TB atveju yra dél jvairiy veiksniy, tokiy kaip 1étas TM augimas, TM
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inhibuojama infekuoty makrofagy ir neutrofily apoptozé, sulétéjusi dendri-
tiniy lasteliy migracija ir aktyvacija [142]. Pagrindinés Igstelinio imuniteto
funkcijos TB metu yra citokiny produkcija ir tiesioginis antimikrobinis anti-
genui specifisky T limfocity poveikis [142]. Ne taip kaip humoralinis, Iaste-
linio imuniteto atsakas j TM specifiSkus antigenus gali pateikti nuoseklesnius
atsakymus sprendziant dél TB gydymo efektyvumo ir ligos prognozes.

Aktyvios TB metu vyksta TM specifinio lgstelinio imuninio atsako slo-
pinimas [143]. CD4+ T limfocitai ypatingai svarbis pirminés TB infekcijos
kontrolei, bei TB granulomos, i§ kurios vyksta TB reaktyvacija, prieziiirai
[144]. Su tinkama CD4+ limfocity veikla susijes imuninés sistemos sugebe-
jimas islaikyti TB latentingje fazéje [145], o CD4+ limfocity funkcijos sutri-
kimas susijes su pirminés aktyvios TB iSsivystymu [146]. CD4+ T limfocity
svarba puikiai pademonstruojama ZIV infekcijos atveju, kai dél CD4+ lim-
focity sumaz¢jimo TB reaktyvacijos galimybé padidéja nuo 5-10 proc. per
gyvenimg iki 10 proc. per kiekvienus gyvenimo metus [147].

CD4+ T limfocitai sagveikauja su infekuotais makrofagais, kad sustabdy-
ty vidulasteling TM replikacija, taigi imuninio atsako efektyvumas priklauso
nuo antigenui specifiSky CD4+ T limfocity migracijos i§ limfoidinio audinio
1 infekcijos vieta. Pastebéta, kad CD4+ T limfocitai, kurie sekretuoja IL-17
(Th17), ir FoxP3+ reguliatoriniai CD4+ T limfocitai prisideda prie atsako ]
TB infekcija, taciau tikslus Th17 lgsteliy vaidmuo infekcijos patogenezéje
néra iki galo aiskus. FoxP3+ CD4+ T limfocitai ar T reguliatoriniai limfocitai
gali ir prisidéti prie TB infekcijos vystymosi, nes sulétina CD4+ ir CD8+ T
limfocity klono ekspansija [148].

CD8+ T limfocitai yra vienas i§ svarbiausiy jgyto imuniteto dalyviy, ku-
ris prisideda prie TB reaktyvacijos slopinimo [142]. Tyrimy su bezdZionémis
metu pastebéta, kad CD8+ T limfocity truikumas veda prie to, kad susilpné-
ja apsauginis imunitetas po vakcinacijos nuo TB BCG (Bacillus Calmette—
Guérin) vakcina [149]. Kaip ir CD4+ T limfocitai, CD8+ T limfocitai geba
produkuoti IL-2, interferong gama (IFN-y) ir tumoro nekrozes faktoriy (angl.
tumor necrosis factor, TNF) — citokinus turin¢ius ypatingai svarbig funkcijg
TB infekcijos metu. Taip pat, CD8+ T limfocitai geba atlikti citoliting funkci-
ja ir nuZzudyti TM infekuotas lgsteles naudodami perforing, granzimus ir gra-
nulizing ar Fas-Fas ligandy sgveika indukuojanciag apoptoze [140]. Pastebéta,
kad skiriant pacientams anti TNF-a gydyma dél kity ligy, organizme suma-
z¢ja CD8+ T limfocity, sekretuojanciy granulizing ir ekspresuojanciy Igsteliy
pavirsiaus TNF [150]. Tai galéty bent i§ dalies paaiskinti kodél skiriant anti
TNF-a gydyma didé¢ja rizika reaktyvuotis latentinei TB.

Pro-uzdegiminis T limfocity produkuojamas IFN-y, aktyvuoja makrofa-
gus. Klasikiniu atveju, nespecifinis imuninis atsakas infekcijos metu pakei-
¢iamas antigenui specifiSku Th-1 IFN-y atsaku [146]. IFN-y yra kritiSkai svar-
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bus makrofagy aktyvacijos ir baktericidiniy mechanizmy mediatorius [146].
Sis mechanizmas svarbiausias ankstyvoje infekcijos fazéje ir yra vienas i3
svarbiausiy veiksniy apsaugai nuo mikobakterinés infekcijos [142]. IFN-y
gali aktyvuoti infekuotas mieloidines lasteles ir inhibuoti bakterijy replika-
cijg [142]. Kartu su kalcitrioliu (aktyviausiu vitamino D metabolitu) IFN-y
sukelia vidulasteling TM zatj [151].

Lastelinio imuniteto atsako tyrimai dazniau naudojami ne pradinei TB di-
agnostikai, o gydymo monitoravimui. T limfocity atsakas gali biiti tiriamas
remiantis interferono gama iSskyrimo testais (pvz. QuantiFERON TB Gold
in-tube ir T-SPOT.TB), taciau Siais metodais dazniausiai nenustatoma statis-
tiskai reikSmingy skirtumy tarp tyrimy rezultaty pries ir po TB gydymo [6,
152]. Tikslesniems, lastelinio imuniteto tyrimams, lasteliy kiekiui ir fenotipui
nustatyti pasitelkiama tékmeés citometrija.

Tekmes citometrija — galinga technologija, galinti daugiaparametriskai
analizuoti individualiy lasteliy charakteristikas heterogeninése populiacijose.
Sis tyrimo metodas pla¢iai naudojamas imunofenotipavimui, lasteliy skai¢ia-
vimui, geny raiSkos analizei. Tékmes citometrijos principas — analizés metu
tikstanciai lasteliy per sekunde teka pro lazerio spindulio apSviesta plotg ir
Sviesa, atspindéta kiekvienos lgstelés, registruojama ir analizuojama. Taip
apskaiciuojamos lagsteliy charakteristikos, tokios kaip dydis, kompleksisku-
mas, fenotipas, buklé. TB kontekste, t¢kmes citometrija vis dar naudojama
tik moksliniy tyrimy tikslais, taciau vis tik daugéja tyrimy, kurie rodo, kad
tekmés citometrija gali biiti naudingas tyrimo metodas klinikinéje praktikoje.
Jos metu galima jvertinti 1gsteliy skai¢iy produkuojanciy atitinkamg citoking
ir fenotiping diferencijacija ir padaryti iSvadas apie imuninj organizmo atsaka
1 TM. Dazniausiai Sie tyrimai atliekami su antigenams specifiskais limfocitais
[143].

Tyrimy duomenimis, TM specifiski CD4+ T limfocity kiekis susij¢s su TM
antigeny/bacily kiekiu organizme ir gali biiti geras bioZymuo gydymo moni-
toravimui [110]. CD4+ T limfocity populiacija yra daug labiau heterogenisSka
nei manyta iki Siol, ir joje randama jvairiy fenotipy, diferenciacijos faziy,
funkcijy ir anatominiy lokalizacijy [153]. Sie limfocity skirtumai gali suteikti
svarbios informacijos vertinant gydymo efektyvuma [154]. T limfocity akty-
vacijos ir diferenciacijos zymenys leidzia atskirti jvairias TB infekcijos fazes
(ankstyvos, vélyvos ir terminalinés diferenciacijos efektorinés Igsteles) [6].

Po infekcijos TM pirmiausia stimuliuoja Th1 tipo citokiny reakcija, kurig
pradeda CD4+ T limfocitai. Pagrindiniai citokinai ¢ia yra IFN-y ir TNF-a,
kurie aktyvuoja makrofagus. Po ekspozicijos antigenu CD+4 ir CD8+ T lim-
focitai pereina jvairaus laipsnio diferenciacijg. I$ naiviy T limfocity jie tampa
centriniais atminties T limfocitais (TCM), kurie sekretuoja tik IL-2; efekto-
riniais atminties T limfocitais (TEM), kurie sekretuoja IFN-y ir IL-2; ir ga-
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lutinai diferencijuotais T limfocitais (TEMRA), kurie sekretuoja tik IFN-y
[143,155]. Remiantis Siais principais, atliekami tyrimai siekiant nustatyti
funkcines T limfocity charakteristikas, susijusias su TB ligos eiga. Pavyz-
dziui, zemas antigeny lygis ir ilgalaiké imuniné kontrolé (po persirgtos TB
ligos, BCG vakcinacijos ar esant latentinei TB infekcijai) susij¢ su imuno-
loginiu profiliu, kuriame dominuoja TEM, sekretuojantys IFN-y ir IL-2 bei
TCM sekretuojantys IL-2. Tuo tarpu aktyvios TB metu daugiausia nustatoma
tik IFN-y sekretuojanciy TEMRA Iasteliy [156—159].

Naiviis CD4+ T limfocitai tipiSkai ekspresuoja CCR7, CD62L ir CD45RA,
ir neekspresuoja CD45RO [160]. CCR7 ir CD62L susij¢ su T limfocity mi-
gracija | antrinius limfinius organus ir saveikauja su ligandais ant venuliy en-
dotelio [161]. CD45RA ir CD45RO svarbios T limfocity receptoriaus signalo
transdukcijai ir jy raiSka apibrézia skirtingus T limfocity pogrupius [161].
Randama vis daugiau jrodymy, kad net ir naiviis T limfocitai turi visg spek-
trg fenotipy su skirtingomis savybémis [153,162]. Palyginti neseniai pacienty
serganciy TB kraujyje atrastas efektoriniy/atminties CD4+ T limfocity pogru-
pis su neklasikiniu j naivy panasiu T limfocity fenotipu [163]. Tai limfocity
fenotipas apibréziamas CD45RO—, CD45RA+, CCR7+, CD62L+, CD27+.
Sie limfocitai, kaip atsaka j TM antigenus, sugeba greitai sekretuoti jvairius
citokinus (IFN-y, TNF-a, IL-2) [163]. Po TB iSgydymo, Siy lasteliy kiekiai
1§ karto sumazéja, o jy kiekis didéja, organizme didéjant TM kiekiui [163].

PPD specifiski CD4+ T limfocitai, neturintys CD27 pavirSiaus recepto-
riaus gana gerai tinka diferencijuoti tarp aktyvios ir latentinés TB infekcijos
[6, 164]. CD27+ [165-168] ir TM specifiski CD4+ T limfocitai [110, 165]
koreliuoja su TM antigeno ir bacily kiekiu organizme ir gali biiti geras biozy-
muo ligos progreso jvertinimui.

CD27 labiau ekspresuojamas naiviy ir ankstyvos diferenciacijos efektori-
niy T limfocity, ta¢iau maziau ekspresuojamas velesnése T limfocity diferen-
ciacijos stadijose, todé¢l tolimesnés diferenciacijos T limfocitai ekspresuoja
maza CD27 kiekj arba §io Zymens i$ viso neturi [169]. Taip pat buvo nusta-
tyta, kad CD27— IFN-y+ CD4+ lasteliy daznis stipriai koreliuoja su plauciy
pazeidimo ir matrikso destrukcijos dydziu [170] ir gali biiti naudojama kaip
geras prediktorius sékmingam TB gydymui [171].

CD69 yra kostimuliuojantis receptorius ir ankstyvos aktyvacijos zymuo
[172] ir didéjantys CD4+CD69+IFN-y+ T limfocity kiekiai susij¢ su anksty-
va aktyvia TB ar nesena TB infekcija [173].

CD38 — transmembraninis glikoproteinas, imuninés aktyvacijos Zymuo.
Aktyvios TB metu dazniau nustatoma CD38+CD27low (maza raiska), o la-
tentinés TB — CD38+CD27high (didelé raiska) [174]. Nustatyta, kad CD38
ir HLA-DR raiSka ant T limfocity buvo Zenkliai susilpnéjusi po 9 savaiciy
priestuberkuliozinio gydymo ir §iy Zymeny raiSkos mazéjimas buvo susijes
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su pase¢lio konversija [174]. Didele CD38, HLA-DR ir intralgsteliné¢ Ki67
raiSka M. tuberculosis specifiskuose CD4+ T limfocituose gali biiti daug za-
dantis ankstyvos TB infekcijos biozymuo, jy raiSkos mazéjimas siejamas su
teigiamu gydymo efektu [6].

Vis tik ne visiems pacientams Sie Zymenys bus naudingi — kai kuriems
pacientams jie negali biiti nustatomi dél per mazo T limfocity atsako [175].
Reciau, kaip TB biozymenys, tyrin€¢jami nespeciski TM T limfocitai. Pavyz-
dziui, tyrime atliktame Rodrigues et al. nurodoma, kad pacientams sergan-
tiems TB nustatomas periferiniy CD4+ ir CD8+ T limfocity sumazéjimas,
kuris atsistato po s€kmingo gydymo [176].

1.7.4. UZkréstojo bioZymenys

Uzkrésto TM zmogaus organizmas gamina molekules, tokias kaip citoki-
nai, imios fazés baltymai, kiti baltymai kurie patenka j krauja jvykus audiniy
pazaidai. Sios molekulés, nors nespecifiskos TM, taip pat gali turéti reik§me
aktyvios TB diagnostikai ir gydymo monitoravimui [177]. Daugumoje atlik-
ty tyrimy Sie bioZymenys yra iSmatuojami prie§ gydyma, ankstyvoje gydy-
mo fazéje bei paskutiniais TB gydymo ménesiais. Priklausomai nuo tiriamos
molekulés, tokiu biidu galima gauti ziniy apie TM kiekj organizme, plauciy
pazeidimo iSplitimg ar gydymo prognoze.

1.7.4.1.Tirpus urokinazés tipo plazminogeno aktyvatoriaus
receptorius

Tirpus urokinazés tipo plazminogeno aktyvatoriaus receptorius (angl. so-
luble urokinase type plasminogen activator receptor (suPAR)) tai tirpi mem-
branos baltymo, randamo daugelyje imuninés sistemos, endotelio, lygiyjy
raumeny lgsteliy, forma. SuPAR koncentracija kraujyje randama padidéjusi
ivairiy ligy, taip pat ir infekcijy metu, suPAR koncentracijos didéjimas ligos
metu susietas su blogesne ligos prognoze [34, 178, 179]. SuPAR taip pat lai-
komas potencialiu TB biozymeniu [36]. SUPAR patenka i kraujotaka esant
imuninés sistemos aktyvacijai. SUPAR koncentracija didéja ir didéjant am-
ziui [178]. Ivairiy tyrimy duomenimis, normali suPAR koncentracija kraujyje
sveikiems zmonéms laikoma 2-3 ng/ml, o kritinés biiklés pacientams nusta-
toma 9—10 ng/ml [178, 180-182, 183].

Aktyvios TB metu suPAR koncentracija kraujyje randama padidéjusi, ly-
ginant su TB neserganciais asmenimis ir didziausia nustatoma tiems pacien-
tams, kuriems skrepliy mikroskopijos metu randamas didziausias RAB kiekis
[34]. Didesnés suPAR koncentracijos gydymo pradzioje taip pat susietos su
didesne mirties nuo TB tikimybe [184]. SUPAR koncentracija kraujyje ma-
z¢ja efektyvaus TB gydymo metu [185]. Taip pat yra duomeny, kad didesne
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suPAR koncentracija nustatoma esant DVA-TB [36], TB/ZIV koinfekcijai
[186]. Kita vertus, atlieckant suPAR tyrimus vaikams, nepastebéta kad suPAR
koncentracija serume mazéty po dviejy TB gydymo ménesiy, taip pat nerasta
ir suPAR sasajos su vaiky amziumi, mitybine biikle, radiologiniu TB iSpliti-
mu [187].

1.7.4.2. Tirpi tarplastelinés adhezijos molekulé-1

Lasteliy adhezijos molekulés susietos su daugelio uzdegiminiy plauciy
ligy patogeneze [31]. Intralgstelinés adhezijos molekulés (ang. intercellular
adhesion molecules (ICAM)) priklauso imunoglobuliny superSeimai. Jos eks-
presuojamos ant kraujagysliy endotelio ir dalyvauja jvairiuose lgsteliy proce-
suose, jskaitant Seimininko-patogeno sgveika [ 188].

ICAM-1 ekspresuojamas ant jvairiy lasteliy, tame tarpe ir makrofagy
[189]. Veikiant uzdegiminiams citokinams ICAM-1 raiska ant Iasteliy pavir-
Siaus did¢ja, dél to did¢ja ir leukocity adhezija bei migracija pro endotelj
[188]. Ivairiy autoriy duomenimis, tirpios $ios molekulés formos (angl. solu-
ble intercellular adhesion molecule-1 (SICAM-1) gali biiti serumo (ar bron-
choalveolinio lavazo [190]) zymuo, leidZiantis jvertinti uzdegiminj procesa
granulomiy ligy metu [31, 33, 109, 189]. Nustatyta, kad sSICAM-1 koncen-
tracija kraujo serume turi sgsajas su kavitacijos buvimu [109], TB i$plitimu
plauciuose [33], TB ligos sunkumu [31, 188]. ApraSoma, kad sSICAM-1 gali
biti naudingas biozymuo vertinant TB gydymo efektyvuma [33, 188] bei gali
padéti diferencijuoti TB nuo kity plauciy ligy [33, 190].

Normali SICAM-1 koncentracija kraujyje suaugusiyjy populiacijoje ap-
raSoma nevienodai: 60,2-218,4 ng/ml [194], 128,9-347,48 ng/ml [195],
197 £+ 35 ng/ml [196], 276 + 87,3 [197], iki 350 ng/ml [198].

1.7.4.3. C reaktyvusis baltymas

CRB yra jautrus ir specifiSkas aktyvios uzdegimo fazés Zymuo [191]. CRB
naudojimas TB gydymo monitoravimui iStyrinétas gana placiai ir Sis biozy-
muo labai daznai naudojamas klinikin¢je praktikoje. CRB koreliuoja su TB
gydymo efektyvumu, taip pat susijes su TB ligos sunkumu [192, 193], bak-
terijy kiekiu organizme prie$ skiriant prieStuberkuliozinj gydyma [109, 191],
radiologiniais pazeidimais po 2 gydymo ménesiy [193]. Nustatyta stipri CRB
sasaja su pasélio konversija po 8 TB gydymo savaiciy [109], o CRB nesuma-
z¢jimas po dviejy gydymo savaiciy susijes su blogesne TB prognoze [191].
CRB sitiloma naudoti vertinant TB eigg ir prognoze [191].
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1.7.4.4. Kiti uzkréstojo bioZymenys

Be misy pasirinkty sSICAM-1, suPAR ir CRB, tyrinéjama ir aibé kity uz-
kréstojo biozymeny: kraujagysliy endotelio augimo veiksnys (angl. vascular
endothelial growth factor) ekspresuojamas epitelio lgsteliy ir TM infekuoty
makrofagy [199] (jo koncentracija aktyvios TB metu kraujyje nustatoma pa-
didéjusi [199], o sekmingai gydant mazéja [200]); interferonas gama (IFN-y)
(daznai naudojamas tirti vakciny nuo TB kandidatus [201], koncentraci-
ja mazéja TB gydymo eigoje [202]), serumo amiloido baltymas Al (reiks-
mingai susijes su kaverny buvimu prie§ pradedant TB gydyma, su skrepliy
pasé¢lio konversija po 8 savaiciy [109]), interleukinas-1 beta (turi sgsajas su
RAB kiekiu skrepliy mikroskopijoje, plau¢iy pazeidimo isplitimu, kavitaci-
jos plauciuose buvimu [109]), interleukinas-6 (koncentracija kraujo serume
nustatoma padidéjusi esant aktyviai TB infekcijai [203, 204], turi sgsajas su
RAB kiekiu skrepliy mikroskopijoje, plauciy pazeidimo iSplitimu ir mazéja
esant efektyviam TB gydymui [109, 202]), interleukinas-15 (koncentracija
kraujo serume nustatoma padidéjusi esant aktyviai TB infekcijai [205], sa-
sajos su dieny kiekiu, reikalingu TM augimui nustatyti skystoje MGIT ter-
péje [109]), pentraksinas-3 (angl. pentraxin 3) (koncentracija TB pacientams
nustatoma padidéjusi lyginant su sveikais Zzmonémis [206], sasajos su RAB
kiekiu skrepliy mikroskopijoje bei plauciy pazeidimo iSplitimu [109, 206]),
IFN-y suzadinamas baltymas 10 (koncentracija kraujyje ir Slapime randa-
ma padidéjusi pacientams sergantiems aktyvia TB [207], nustatoma dides-
né esant didesniam TB iSplitimui kriitinés lastos rentgenogramose [109]),
osteokalcinas (TB gydymo metu koncentracija kraujyje didéja [109]),
matrikso metaloproteinazé-8 (susije su gydymo efektyvumu, kavitacijos bu-
vimu plauciuose, pradiniu TM kiekiu organizme, TB ligos sunkumu [109]),
indoleamino 2,3-dioksigenazé (padidéje¢s aktyvumas siejamas su TB progre-
savimu ZIV infekuotiems pacientams, koncentracijos kraujyje mazéjimas
stebimas skiriant TB gydyma [208]), neopterinas (TB gydymo metu kon-
centracija maz¢ja [209]), alfa-defensinas (koncentracija maz¢ja skiriant TB
gydyma [210)]), matrikso metaloproteinazé-9, transformuojantis augimo fak-
torius B1, III tipo prokolageno aminoterminalinis peptidas (kaip kandidatai
TB gydymo efektyvumo vertinimui [6]), baltymai monocity chemoatraktantai
MCP-1, MPC-4 (koncentracijos didé¢ja TB gydymo metu [109, 211]), neura-
liniy Igsteliy adhezijos molekulé, feritinas, serumo amiloido P komponentas,
audiniy plazminogeno aktyvatorius, [-309, chemokinas MIG (kaip Zymenys
TB diagnostikai [212]) ir kiti.
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1.7.5. Genomika, transkriptomika, proteomika, metabolomika

Genomika, transkriptomika, proteomika ir metabolomika yra metodai lei-
dziantys tirti tikstan¢ius galimy biozymeny [213]. Genomika tyrin¢ja gene-
tines DNR instrukcijas, transkriptomika — geny raiskos modelius, proteomi-
ka — baltyminiy produkty dinamikg, o metabolomika — visg individualy me-
tabolizmg tam tikros ligos atveju. TB atveju Sie metodai praplété supratima
ligos patogenezéje ir geba pateikti labiau holistinj ligos mechanizmy vaizda
[110]. Vis daugiau auksc¢iau aprasyty uzkréstojo baltymy, kaip potencialiis
biozymenys, tyrin¢jami genomikos, transkriptomikos metodais [206, 214—
216].

Vieno transkriptomikos tyrimo metu nustatytas 393 transkripty raiSkos
profilis kraujyje charakterizuojantis aktyvig TB infekcijg ir 86 transkripty
profilis, kuris leidzia atskirti TB nuo kity infekcijy [110]. Citotoksiniy laste-
liy geny transkriptai taip pat gali biiti naudojami gydymo pabaigoje, vertinant
TB atkryc¢io tikimybe [217, 218].

Sio tipo tyrimy dar néra daug, nes jy atlikimui jprastai reikia didelio finan-
sinio kapitalo [110], o klinikinéje praktikoje juos kol kas pernelyg sudétinga
atlikti [219].

1.8. Tuberkuliozés gydymo iSeitys ir jas jtakojantys veiksniai

PSO ir kitos pasaulinés organizacijos TB gydymo iSeitis apibrézia kaip
s¢kmingas (kai TB gydymas baigtas ir kai pacientas yra i§gydomas) ir ne-
s¢kmingas (mirtis, gydymo nes¢kmé, nutrauktas gydymas) [220, 221]. I8ski-
riamos tokios TB gydymo iseitys:

Pacientas iSgydytas — jautrios vaistams TB atveju, pacientas, kuriam buvo
rastos TM skrepliuose prie§ gydyma, o po jo 5-3 ir 6-3 gydymo ménesj TM
skrepliuose neaptinkama [7]. Pagal PSO apibréZima, tinkantj ir DVA-TB
atveju, 18gydytu gali biiti laikomas toks pacientas, kuriam gydymo pradzioje
bakteriologiskai patvirtinta TB ir kuris pabaigé nacionaliniy rekomendacijy
apibréztag TB gydyma ir yra nustatomas bakteriologinis atsakas bei néra gy-
dymo nesekmés jrodymo [220].

Gydymas baigtas — jautrios vaistams TB atveju tai pacientas baiges visa
gydyma kursa, tafiau neatitinka iSgydyto TB atvejo kategorijos, nes triksta
5-0 ir 6-0 gydymo ménesio pasélio tyrimo rezultaty [7]. Pagal PSO apibrézi-
ma, tinkantj ir DVA-TB atveju, $iai registracijos kategorijai priklauso pacien-
tai, kurie pabaigé nacionaliniy rekomendacijy apibrézta TB gydyma, taciau
neatitinka i§gydymo ar gydymo nesekmes apibrézimo [220].

Gydymo nesékmé — pacientas, kurio teigiami skrepliy mikroskopijos arba
paselio tyrimo rezultatai iSlieka ar atsiranda 5-o gydymo ménesio pabaigoje
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arba véliau. Siai kategorijai priskiriami ir pacientai, kuriems diagnozuoja-
ma DVA-TB bet kuriame, anks¢iau nustatytos vaistams jautrios TB, gydymo
etape, nepriklausomai nuo teigiamy ar neigiamy mikroskopijos rezultaty [7].
Pagal PSO apibrézima, tinkantj ir DVA-TB atveju, §iai registracijos katego-
rijai priklauso pacientai, kuriems gydymas turéjo biiti nutrauktas ar keistas j
nauja gydymo rezimg [220].

Mirtis — pacientas miré¢ gydymo nuo TB metu, nepriklausomai nuo mirties
priezasties [7, 220].

Prarastas atvejis (nutrauktas gydymas) — pacientas, kuris gydyma nutraukeé
2 ménesius ar ilgiau [7].

TB gydymo iseitys bei skrepliy pasélio konversija, remiantis atliktais ty-
rimais, priklauso nuo daugelio veiksniy. Dazniausiai aprasomas — TM atspa-
rumas vaistams. DVA-TB pacientams visame pasaulyje mazdaug du kartus
dazniau nustatomos nes¢kmingos gydymo iSeitys, lyginant su jautria vais-
tams TB serganciais pacientais [40]. Remiantis PSO pateikiama informacija,
DVA-TB pasaulyje s¢kmingai i§gydoma 43,1 proc. atvejy (2016 mety duo-
menys), YVA-TB — 25,4 proc. [222]. Yra duomeny, kad DVA-TB gydymo
iSeitys susije ir su konkreciy vaisty TB gydyti pasirinkimu. Geresnés gydymo
iSeitys stebétos, jei DVA-TB gydymui naudotas linezolidas, levofloksacinas,
karbapenemas, bedakvilinas, klofaziminas [223]. Tuo tarpu kanamicino ir ka-
preomicino naudojimas buvo susietas su blogesnémis TB gydymo iSeitimis
[223]. Optimaliausias gydymo rezimas DVA-TB gydymui, tyrimy duome-
nimis, buvo 5 efektyvis vaistai intensyvioje gydymo fazéje ir 4 — gydymo
tesimo fazéje [223].

Kitas neabejotinai svarbus veiksnys — gydymo rezimo laikymasis [224,
225], kuris priklauso nuo daugelio su pacientu susijusiy ir nesusijusiy veiks-
niy. Visame pasaulyje, gydant TB, rekomenduojama laikytis tiesiogiai stebi-
mo gydymo strategijos principy (DOTS), kai pacientas vaistus nuo TB kasdien
iSgeria medicinos personalo priezitiroje. Tai nesunku vykdyti kol pacientas
gydomas ligonin¢je, tac¢iau ambulatorinio gydymo metu, DOTS susiduria
su jvairiais i$Stkiais, tarp kuriy ir paciento motyvacijos gydytis trilkumas.
Remiantis atliktais tyrimais, Etiopijoje, Brazilijoje, Zambijoje stebéta, kad
gydymo iSeitys zenkliai susij¢ su vietinémis socioekonominémis sglygomis
[226-228], o psichoemocinés ir socioekonominés intervencijos padedancios
pacientams laikytis gydymo rezimo susijusios su geresnémis TB gydymo is-
eitimis [229]. Ivairios intervencijos papildomai motyvuojancios laikinuose
DOTS kabinetuose dirbantj personala, ambulatoriskai gydomus pacientus tai-
komos ir Lietuvoje (pavyzdziui, kelioniy j kabinetag apmokéjimas, korteles,
leidziancios jsigyti maisto prekiy).

Pasaulyje daugiau vyry nei motery suserga TB ir nuo Sios ligos mirs-
ta: 2017 metais beveik 6 mln. vyry susirgo TB ir 840000 mir¢, lyginant su
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3,2 mln. susirgusiy motery, i§ kuriy mir¢ beveik 0,5 mln. [230]. Taip pat pa-
stebéta, kad vyrams dazniau nustatoma sunkesné TB, kas siejama su kol kas
pilnai nesuprastais biologiniais [231] ir socialiniais veiksniais [232]. VyriSka
lytis susieta ir su létesne skrepliy mikroskopijos konversija [233, 234] bei
didesniu mirtingumu nuo TB [234, 235].

Vyresnio amziaus pacientams dazniau nustatomos jvairios gretutinés li-
gos, taip pat daznesni Salutiniai vaisty poveikiai [236]. Aprasyta, kad vyres-
nio amziaus pacientams nustatoma létesné skrepliy pasélio konversija [233].
Vyresnis amzius kai kuriy autoriy aprasytas kaip blogos gydymo iSeities rizi-
kos veiksnys [237-239], vis tik kiti autoriai tokiy sgsajy neranda [238].

Alkoholio vartojimas priskiriamas prie penkiy svarbiausiy rizikos veiks-
niy ligy i$sivystymui, invalidumui ir mir¢iai [240]. TB atveju alkoholio varto-
jimas — pripazintas rizikos veiksnys ne tik TB iSsivystymui, bet ir neseékmin-
goms TB gydymo iSeitims [241-243, 244]. Kai kuriy autoriy duomenimis,
mazdaug 10 proc. visy TB atvejy yra susij¢ su alkoholio vartojimu [245],
10-20 proc. visy mir¢iy nuo TB siejamos ir su alkoholio vartojimu [243].
Pasaulyje alkoholj vartojantys yra 15—70 proc. TB susirgusiy pacienty [246—
249]. Pacientai, sergantys vaistams jautria ar DVA-TB ir vartojantys alkoho-
1}, turéjo Zenkliai didesne nesékmingos gydymo iSeities tikimybe: reliatyvi
rizika (RR) 2,55, pasikliautinasis intervalas (PI) 1,77-3,66 [244]. Vartojantys
alkoholj, daznai turi ir kity gydymo sékme mazinanciy rizikos veiksniy susi-
jusiy su elgesiu, pavyzdziui, gydymo rezimo nesilaikymas, gydymo nutrauki-
mas (RR 1,87-2,25) [244, 250]. Aprasomos ir biologinés alkoholio vartojimo
priezastys blogesnei TB prognozei, pavyzdziui, alkoholio sukeliamas imuni-
teto slopinimas [139, 251, 252] hepatotoksiskumas [253], plauciy funkcijos
sutrikimas, barjeriniy organizmo funkcijy pazeidimas [244], kei¢iama pries-
tuberkulioziniy vaisty absorbcija virSkinamajame trakte [254].

Pasyvus ir aktyvus tabako rikymas, remiantis metaanaliziy ir sisteminiy
apzvalgy duomenimis, nepalankiai susij¢s su TB infekcija, aktyvia TB [255]
ir TB sukelta mirtimi [256, 257, 258]. Rukymas didina reliatyvig rizika susirg-
ti TB 2-3,4 karto, palyginus su neriikanciais [259, 260]. Cigareciy rikymas
prisideda prie TB iSsivystymo [258] sukeldamas cilijy disfunkcijg ir defektus
imuninio atsako mechanizme, ypa¢ makrofagy funkcijoje [261]. Rilkymas
taip pat aprasomas kaip rizikos veiksnys blogoms TB gydymo iSeitims [262,
263]. Rukantiems léCiau jvyksta skrepliy mikroskopijos konversija gydymo
metu [233]. Po to kai zmogus meta riikyti, mirties nuo TB rizika zenkliai
sumazéja (iki 65 proc. palyginus su tebertikanciais asmenimis) — tai parodo,
kad rukymo metimas yra svarbus veiksnys sumazinantis su TB susijusj mir-
tinguma [255, 264].

Gretutings ligos taip pat gali salygoti blogesnes TB gydymo iSeitis. DaZznai
literatiiroje analizuojama ZIV ir TB koinfekcija. Metaanaliziy ir atskiry tyri-
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my duomenimis, ZIV infekuoti pacientai sergantys TB turi 1,41-2,46 karto
didesng rizika nesékmingam TB gydymui, lyginant su ZIV neinfekuotais TB
serganciais pacientais [265, 266]. Pacientai, sergantys cukriniu diabetu turi
tris kartus didesne rizika TB iSsivystymui [267]. Taip pat nustatyta, kad TB
ir cukriniu diabetu sergantiems pacientams véliau jvyksta skrepliy konversija
[233], dazniau nustatoma gydymo nesé¢kmé [268, 269]. Siems pacientams
taipogi aprasyta mazdaug 2 kartus didesné mirties nuo TB tikimybé [268],
didesné TB recidyvo tikimybé [268].

Pacientams, sergantiems TB, dazniau nei bendroje populiacijoje nustato-
mas vitamino D deficitas [270]. ApraSoma, kad TB metu kinta vitamino D
metabolizmas [271]. Yra duomeny, kad vitamino D skyrimas kartu su vaistais
nuo TB gali pagreitinti skrepliy pasélio konversijg [272], tac¢iau, remiantis
metaanaliziy duomenimis, vitamino D skyrimas neturi jtakos mirtingumui
nuo TB [272, 273].

Nepakankama mityba — rizikos veiksnys TB progresavimui i§ latentinés
iki aktyvios TB, ir §io veiksnio buvimas aktyvios TB diagnozavimo metu yra
mirties ir TB recidyvo prediktorius [274]. Didesnis kaip 10 proc. kiino svorio
netekimas laikomas predisponuojanc¢iu veiksniu TB iSsivystymui [275]. Ta-
¢iau vis dar kyla klausimas kas atsiranda pirmiau — TB ar nepakankama mity-
ba. Pastebéta, kad TB metu yra sumazgéjes pacienty apetitas, nustatoma makro
ir mikro nutrienty malabsorbcija ir pakites metabolizmas, kas prisideda prie
kacheksijos vystymosi [276]. Mazas KMI susijes su mazesne INF-y koncen-
tracija kraujyje ir, tuo paciu, su mazesne apsauga nuo TB reaktyvacijos [277].
Anksciau atliktuose tyrimuose nustatyta, kad TB pacientai turintys per maza
KMLI, turé¢jo labiau radiologiskai iSplitusig plauciy TB, lyginant su tais, kuriy
KMI buvo didesnis, jiems ilgiau uztruko pas¢lio konversija ir buvo didesné
gydymo nesé¢kmés ar mirties tikimybé [237, 278-281].

Pacientams, kuriems naujai nustatoma plauciy TB, taip pat dazniau nusta-
tomas sumazgjes albumino kiekis kraujyje, lyginant su sveikais Zmonémis
[282]. Citokinai, cirkuliuojantys infekcijos metu, gali supresuoti albumino
sinteze ir sumazinti albumino kiekj kraujyje, taciau albumino gali biiti ma-
ziau ir dél mitybos nepakankamumo, tod¢l sudétinga vertinti albumino jtakg
TB iSeitims neatsizvelgiant | KMI ir infekcijos aktyvuma [22]. Publikuotuose
straipsniuose nurodoma, kad per Zema albumino koncentracija kraujo serume
TB pacientams buvo susieta su didesniu mirtingumu ligoninéje [283]. Paci-
entai, kuriems nustatyta hipoalbuminemija, taip pat buvo labiau linke patirti
TB gydymo nesé¢kme [278, 279]. Hipoalbuminemija, kai kuriy autoriy ver-
tinama kaip vienas i§ veiksniy, salygojanciy sunkesne TB ligos eiga [279].

TB pacientams taip pat daznai nustatomos pakitusios vitaminy A, E, D,
gelezies, cinko, seleno ir vario koncentracijos, kurios jprastai atsistato per 2
gydymo ménesius [284]. Vieno tyrimo metu nustatyta, kad TM labai jautri
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destrukcijai vitamino C indukuota Fentono reakcija, kas rodo galimg vitami-
no C nauda gydant TB [285].

Kitas svarbus veiksnys TB gydymo iSeities prognozavimui — plauciy pa-
zeidimo dydis. Plauciuose radiologiSkai nustatyta kavitacija, tyrimy duome-
nimis, prailgino laikg iki skrepliy mikroskopijos ir paselio konversijos [225,
233, 286]. Laikas iki skrepliy mikroskopijos ir pasélio konversijos taip pat
ilgéja tiems pacientams, kuriems, jvairiomis metodikomis, nustatoma radio-
logiskai iSplitusi plauciy TB [233].

Didelis RAB kiekis skrepliy mikroskopijoje prie§ pradedant TB gydyma
siejamas su ilgiau uztrukusia skrepliy mikroskopijos ir pasélio konversija
[286].

Didelé dalis ¢ia aprasyty veiksniy, galimai turinéiy jtakos skrepliy pasélio
konversijos jvykimui TB gydymo metu, buvo vertinami ir miisy atliktame
tyrime.
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2. METODAI

Tyrimas vykdytas Lietuvos sveikatos moksly universiteto ligoninés Kauno
kliniky (LSMUL KK) Pulmonologijos klinikoje, gavus Lietuvos sveikatos
moksly universiteto Regioninio biomedicininiy tyrimy etikos komiteto leidi-
ma (Nr. BE-2-11 2015.10.09) ir Valstybinés duomeny apsaugos inspekcijos
leidimg (Nr. 2R-6540 (2.6-1.), 2015 m. lapkri¢io mén. 10 d.).

Tyrimas buvo prospektyvinis, trukes nuo 2015 m. balandZio 1 d iki 2020 m.
gruodzio 31 dienos. Visi tyrime dalyvave pacientai buvo tiriami ir gydomi
LSMUL KK filiale Romainiy tuberkuliozés ligoninéje ir LSMUL KK Pul-
monologijos klinikoje.

I tyrimg itraukti tik informuoto asmens sutikimo formg pasirase tiriamieji.

Atsparumas naujiesiems vaistams nuo TB nustatytas klinikoje vykdyto
tarptautinio tyrimo metu. Disertacijai naudoti $io tyrimo duomenis, leidimas
buvo gautas.

2.1. Tiriamyjy atrankos Kkriterijai

Tyrime dalyvauti buvo praSoma visy pacienty, stacionarizuoty j Romainiy
tuberkuliozés ligoning nuo 2016 mety balandzio ménesio iki 2018 mety ba-
landzio ménesio, atitinkanciy jtraukimo kriterijus ir neturin¢iy nejtraukimo
kriterijy. Pacientai, kuriems nustatyta TB, buvo gydomi stacionare ne maziau
kaip 1 ménesj uztikrinant tiesiogiai stebimg gydyma.

Tiriamieji tur¢jo atitikti Siuos kriterijus: vyrai ir moterys 18—90 mety am-
ziaus, kuriems skrepliy mikroskopijos tyrimu jtarta ar skrepliy paselio tyri-
mu, pirmg kartg gyvenime, patvirtinta plauciy TB.

| tyrimg nebuvo jtraukiami pacientai, kuriems buvo nustatomi Sie nejtrau-
kimo kriterijai: nésc¢ios ar kriitimi maitinan¢ios moterys; autoimuninémis li-
gomis sergantys asmenys; asmenys, kuriems 5 mety laikotarpyje buvo dia-
gnozuota onkologiné liga; sergantys kitomis psichinémis ar/ir vidaus organy
ligomis ir buklémis, kurios gali paveikti imuniniy Zymeny koncentracijas ar
tyréjo nuomone yra nejtraukimo kriterijus. IS tyrimo buvo pasalinti pacientai,
skrepliy pasélio metodu nustacius atiping mikobakterioz¢ ar gydymo metu
nustacius gretutines ligas, kurios aprasytos nejtraukimo kriterijuose.

2.2. Tyrimo eiga

Tiriamojo dalyvavimo tyrime trukmé buvo vieneri metai arba iki gydymo
pabaigos, jei nustatyta vaistams atspari TB. Jei tyrimo dalyviui skrepliy mi-
kroskopijos tyrimu jtarta ar skrepliy pasélio tyrimu patvirtinta plauciy TB:
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1. Po informuoto asmens sutikimo formos pasiraSymo, prie§ pradedant
gydyma pacientui buvo duota uzpildyti Sv. Jurgio ligoninés kvépavimo klau-
simyng (angl. St. George Respiratory Questionnaire (SGRQ)), patikslin-
ta anamnez¢ jvertinant rukymo, alkoholio vartojimo anamnezg, socialinius
veiksnius (pilietybe, gyvenamoji vieta (miestas/kaimas/be nuolatinés gyve-
namosios vietos), Seiminé padétis, iSsilavinimas, uzsiémimas (dirbantis/ne-
dirbantis), lytis, amzius, narkotiky vartojimas anamnezgje), atlikta kriitinés
lastos rentgenograma, paimtas kraujas i§ periferinés venos, iStiriant CRB,
albumino, vitamino D koncentracija. Taip pat paimtas periferinio kraujo ty-
rimas suPAR, sSICAM-1 nustatymui imunofermentiniu (ELISA) metodu bei
periferiniy T limfocity imunofenotipinei charakteristikai tekmés citometrijos
metodu nustatyti. Skrepliai séti j skysta mitybing terpe bakteriologiniam TB
patvirtinimui ir atsparumo vaistams nustatymui. Buvo atliktas antikiiny pries
ZIV1/Z1V2 ir p24 antigenus tyrimas, pagal nacionalines rekomendacijas. Jei
buvo patvirtinta ZIV infekcija, pacientas pasalintas i§ tyrimo.

2. Nustacius plauciy TB ir zinant jautrumg pirmos eilés vaistams nuo TB,
arba dar laukiant TM atsparumo vaistams atsakymo, gydymas pradedamas
pagal jautrios vaistams TB gydymo schema (2HREZ/4HR — pirmus dvejus
ménesius skiriami izoniazidas, rifampicinas, etambutolis, pirazinamidas, vé-
liau dar keturis ménesius — izoniazidas ir rifampicinas). Jei gydymo metu
gaunamas atsakymas, kad TM atspari vienam ar daugiau vaisty nuo TB, gy-
dymas koreguojamas pagal nacionalines rekomendacijas. DVA-TB atveju
skiriamas ilgesnis 1§ galimy gydymo rezimy. Gydymo pradZia laikoma die-
na kuomet pacientui pirma kartg paskirti vaistai nuo TB. Pra¢jus ménesiui
nuo gydymo pradzios kartota skrepliy mikroskopija dél RAB (du kartus, dvi
dienas iS eilés), skrepliy pasélis dél TM, paimamas kraujas i$ periferinés ve-
nos iStiriant CRB koncentracija. Taip pat periferinio kraujo tyrimas suPAR,
SICAM-1 nustatymui ELISA metodu.

3. Pragjus penkiems ménesiams nuo gydymo pradzios, vel atlikta kriitinés
lastos rentgenograma, kartota skrepliy mikroskopija dél RAB ir paseélis dél
TM, paimtas kraujas i8 periferinés venos istiriant CRB koncentracijg. Taip pat
periferinio kraujo tyrimas suPAR, sSICAM-1 nustatymui ELISA metodu bei
periferiniy T limfocity imunofenotipinei charakteristikai tekmeés citometrijos
metodu nustatyti.

4. Praéjus metams nuo gydymo pradzios susisiekta su pacientu ar jo gydy-
toju, siekiant suzinoti gydymo iseitis. Jei pacientui buvo nustatyta vaistams
atspari TB ir gydymas po mety dar nebuvo baigtas, gydymo iSeitis jvertin-
ta po TB gydymo uzbaigimo. TB gydymo iSeitys suskirstytos j dvi grupes
pagal PSO pateikiamus apibrézimus: sékmingas gydymas (pasveikimas);
nes¢kmingas gydymas (mirtis, nutrauktas gydymas).

Pacienty jtraukimas parodytas schematiskai 2.2.1 paveiksle.

39



Dél dalyvavimo tyrime apklausti visi i Romainiy tuberkuliozés ligonine
stacionarizuoti pacientai, atitinkantys jtraukimo, neturintys nejtraukimo
kriterijy. 113 pacienty sutiko dalyvauti.

1 pacientas atsisaké dalyvauti tyrime

)\ po 1 dienos

112 pacienty. Atliktas ZIV
testavimas

3 pacientams nustatyta ZIV infekcija,
\ pasalinti i$ tyrimo

109 pacientai. Atlickamas
skrepliy pasélis

_| 2 pacientams nustatyta atipiné
mikobakteriozé, pasalinti i§ tyrimo

\ 4

107 pacientai toliau
dalyvauja tyrime

,| 8 pacientai miré¢ gydymo metu: 6 per
pirmajj gydymo ménesj, 2 véliau

A
Gydyma ir dalyvavima
tyrime baigé 99 pacientai

2.2.1 pav. Pacienty jtraukimo j tyrimq diagrama

2.3. Tyrimy metodai

2.3.1. Gyvenimo kokybés vertinimas

Gyvenimo kokybei vertinti vartotas Sv. Jurgio ligoninés kvépavimo klau-
simynas (kitur ,,Sv. DZordzo ligoninés klausimynas apie kvépavimo sutriki-
mus®, angl. Saint George Respiratory Questionaire (SGRQ)). Tai standarti-
zuotas klausimynas, skirtas matuoti sveikatos sutrikimg ir gyvenimo kokybe¢
sergant kvépavimo ligomis. Jis sukurtas siekiant lyginti sveikatos skirtumus
tarp atskiry pacienty ir gyvenimo kokybés kitimus gydymo metu. Pradzioje
SGQR naudotas vertinti 1étine obstrukcine plauciy liga sergantiems pacien-
tams, taCiau taip pat tirtas, validuotas ir naudojamas klinikiniuose tyrimuose
su kitomis plauciy ligoms. Klausimyno metu, 76 klausimais vertinamas li-
gos simptomy iSreik§tumas, paciento aktyvumas ir ligos poveikis kasdieniam
paciento gyvenimui. Klausimyna uzpildyti trunka 8—15 minuciy. SGRQ re-
zultatai reikSmingai koreliuoja su kitais ligos aktyvumo pozymiais, tokiais
kaip kosulys, dusulys, 6 minuc¢iy ¢jimo testas ir forsuoto iSkvépimo tiiris per
pirmgja sekundg.
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Skaitiné SGRQ reikSme apskaiciuota MS Excel programoje parengtu skai-
Ciuotuvu. Apskaiciuojamas bendras rezultatas, taip pat atskirai simptomy, ak-
tyvumo ir ligos poveikio rezultatai, kurie pateikiami skal¢je nuo 0 (jokio pa-
zeidimo) iki 100 (maksimalus gyvenimo kokybés pazeidimas). Misy tyrimo
metu, gavus organizacijos leidima, naudota Londono medicinos mokyklos
Sv. Jurgio universiteto puslapyje pateikiama oficiali lietuviska klausimyno
versija ir rezultaty skaic¢iuotuvas.

Pirmasis klausimyno klausimas, kur pacientai vertino savo bendrg sveika-
tos biukle nuo 1 (labai bloga) iki 5 (labai gera) rezultatuose pateiktas atskirai.

2.3.2. Rukymo anamnezés jvertinimas

Riikkymo anamnez¢ vertinta pakmeciy skai¢iumi. Pakmeciy skaicius su-
skaiCiuotas remiantis paciento apklausa — surikomas cigareciy pakeliy skai-
Cius per dieng padauginamas i$ ruikymo mety skaiciaus, ir pateikiamas gauta
skaitine iSraiska.

2.3.3. Kriitinés lastos rentgenogramos vertinimas

Atliktos kriitinés 1astos rentgenogramos vertintos pasinaudojant Anna P.
Ralph ir kolegy aprasyta skale [287] (toliau —,,kriitinés Igstos rentgenogramos
skalé*). Vertinant skaitine reikSme (nuo 0 iki 140) iSreiSkiamas TB sukeltas
plauciy pazeidimas. Kiekvienos rentgenogramos vertinimui atliekami tokie
zingsniai: vertintojas padalina matomg plauciy atvaizdg rentgenogramoje |
SeSias, mazdaug vienodo dydzio zonas dviem horizontaliomis linijomis. Tuo-
met vaizdas vertinamas nuo virSaus j apacia, lyginant kaire ir deSin¢ puses ir
siekiant jvertinti kiek procenty matomo plauciy vaizdo kiekvienoje zonoje
yra pazeista. Vertinama ar pazeidimas zidininis ar homogeniskas. Jei zidini-
nis — gautas procentinis skaicius dauginamas i§ 0,5, jei homogeniskas — i§ 1.
Jei rentgenogramoje stebima kavitacija, prie gauto skaiciaus pridedama 40.
Vadinasi, skaitin¢ skalés reikSmé sudaroma pagal tokia formule: TB pazeista
plauciy dalis (proc.) + 40 (jei nustatoma kavitacija).

Si skalé kity tyréjy jau buvo susieta su RAB radimu skrepliuose (kuo
daugiau RAB, tuo didesnis rentgeno skalés jvertis) bei pasélio konversija po
2 ménesiy [279]. Miisy tyrime kritinés Igstos rentgenogramy vertinimas at-
liktas patyrusios radiologés, kuri specializuojasi plauciy radiologijos vertini-
me (dr. Jurgita Zaveckien¢).

2.3.4. Skrepliy mikroskopija dél riigsciai atspariu bakterijuy

Skrepliy mikroskopija d¢l RAB buvo atliekama dviem etapais, pagal Lie-
tuvos sveikatos moksly universiteto (LSMU) laboratorinés medicinos klini-
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kos laboratorijoje patvirtinta metodika: i§ pradziy méginys buvo daZzomas
fluorescencijos metodu, po to, jei méginyje matomas buidingas Svytéjimas —
Cylio-Nielseno metodu. Rezultatai buvo pateikiami remiantis PSO/Tarptau-
tinés sajungos pries tuberkulioze ir plauciy ligas (angl. International Union
Against Tuberculosis and Lung Disease) pasitlyta sistema: ,,pavieniai* arba
uzrasomas rasty bakterijy kiekis (1-9 RAB perzitir¢jus 100 aliejaus imer-
sijos regéjimo lauky); ,,1+“ (10-99 RAB 100 aliejaus imersijos regéjimo
lauky); ,,2+“ (1-10 RAB viename aliejaus imersijos reg¢jimo lauke) ir ,,3+
(>10 RAB viename aliejaus imersijos regéjimo lauke).

2.3.5. Pasélis dél Mycobacterium tuberculosis

Pries atliekant tiriamosios medziagos i$s€jimg | terpe, ji buvo apdoroja-
ma, kad bty sunaikinti nespecifiniai mikroorganizmai bei suskystintas pats
meéginys. Mikobakterijy auginimui pasélyje naudotos specifinés selektyvios
standziosios ir skystosios mitybinés terpés. Diagnozés nustatymo metu labo-
ratorijoje naudotos skystos terpes, gydymo efektyvumo ir konversijos po 1
gydymo ménesio jvertinimui — kietos terpés. Kaip jau minéta, skrepliy pase-
lio konversija laikoma situacija, kai dviejuose 1S eilés skrepliy paséliuose, su
30 dieny pertrauka, nebeaptinkamos TM, kai pasélyje pries tai jos buvo ap-
tiktos. Pasé¢lio konversijos laikas skai¢iuojamas nuo pirmo neigiamo pase¢lio
laiko.

I laboratorijg méginys pristatomas Falcon steriliame mégintuvélyje per
2 valandas nuo surinkimo. Mégintuvélyje éminys uZpilamas NALC-NaOH
tirpalu, po 15-20 min centrifuguojama. Centrifugatas nusiurbiamas, o nuosé-
dos sumaiSomos su 1-2 ml buferio. Inokuliatas séjamas j Levensteino—Jen-
seno terpe (kieta terpé) arba 1 BACTEC MGIT 960 (skysta terpe). I8 likusiy
nuosedy ruoSiamas tepin¢lis RAB mikroskopijai. Pasé¢liai inkubuojami CO,
inkubatoriuje 37 °C temperatiiroje iki 8 savaiciy (kieta terp¢) arba 6 savaiciy
(skysta terpe). Esant augimui, i§ gryno pasélio ruosiamas tepinelis mikrosko-
pijai ir vertinami jo rezultatai. Atmetus bakterijy uzterSima pasaline terpe, jos
identifikuojamos, nustatomas M. tuberculosis komplekso bakterijy jautrumas
priestuberkulioziniams vaistams.

Jautrumas vaistams, miisy tyrimo metu, buvo nustatomas fenotipiniais me-
todais. Jautrumas antros eilés prieStuberkulioziniams vaistams buvo tiriamas
tiems pacientams, kuriy skrepliy paséliuose iSaugo poli vaistams atspariis ar
daugeliui vaisty atspartis TM izoliatai. Bedakvilino MSK buvo matuojama
7H11 agaro tirpalo ir 7H9 sultinio mikroskiedimo metodais, panaudojant spe-
cialiai pagamintas uzsaldytas Thermo Fisher ploksteles ir laikantis gamintojo
nurodymy. Kity vaisty atvejais buvo taikomas tik 7H9 sultinio mikroskiedi-
mo metodas, panaudojant specialiai pagamintas uzSaldytas Thermo Fisher
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ploksteles ir laikantis gamintojo nurodymy. Vaistai ir atskiedimo intervalai
surasyti 2.3.5.1 lentel¢je.

2.3.5.1 lentelé. Vaistai ir skiedimy sultinio mikroskiedimo metodu intervalai

Vaistas pavadinimas | Intervalas (ug/ml) | Kokybés kontrolés intervalas (ug/ml)
Bedakvilinas 0,008—4 0,015-0,06
Rifampicinas 0,064 0,03-0,25
Izoniazidas 0,03-16 0,03-0,12
Etambutolis 0,25-16 0,252
Ofloksacinas 0,12-8 0,252
Levofloksacinas 0,064 0,121
Moksifloksacinas 0,064 0,06-0,5
Kanamicinas 0,12-16 0,25-2
Amikacinas 0,12-16 0,25-2
Kapreomicinas 0,12-16 0,54
Linezolidas 0,12-8 0,252
Klofaziminas 0,0154 0,03-0,25

2.3.6. Periferinio kraujo iStyrimas

Laboratoriniai tyrimai buvo atlickami LSMU laboratorinés medicinos kli-
nikos laboratorijoje. Periferinis kraujas analizei buvo surenkamas j BD Vacu-
tainer K3EDTA mégintuvelius (BD, JAV). CRB buvo nustatomas naudojantis
klinikinés biochemijos sistema Becman Coulter UniCel DxC Synchron 800
(JAV). Normali CRB reik§mé — < 7,5 mg/l. Vitamino D tyrimo reikSmiy re-
zultatai buvo suskirstyti Siais intervalais: < 50 nmol/l — vitamino D trikumas,
51-69 nmol/l — nepakankamumas, 70—250 nmol/l optimalus vitamino D kie-
kis, > 250 nmol/l — intoksikacija. Albumino koncentracijos normos ribos —
35-48 g/l.

SuPAR ir SICAM-1 koncentracijoms nustatyti buvo naudojamas ELISA
metodas (imunofermentiné analiz¢). Periferinis kraujas, surinktas j BD vaku-
tainerj (BD, JAV) buvo centrifuguojamas 15 min 1600 apsisukimy per minute
greiciu. Atskirta plazma buvo saugoma —70 °C temperatiiroje iki analizavimo.
SuPAR buvo tiriama naudojantis komerciniu rinkiniu Human suPAR ELISA
(BioVendor — Laboratorni medicina, Cekija) remiantis gamintojo pateiktomis
instrukcijomis. Apatiné aptikimo riba buvo 5,1 pg/ml. SICAM-1 koncentra-
cijos nustatymui serume buvo naudojami RayBio Human sICAM-1 ELISA
komerciniai rinkiniai (RayBiotech, JAV), kuriy zemiausia nustatymo riba
buvo 150 pg/ml. SuPAR norma, remiantis atliktais tyrimais, 2—3 ng/ml [178,
180—-183]. Normali sSICAM-1 koncentracija kraujyje suaugusiyjy populiaci-
joje, remiantis atliktais tyrimais, aprasoma nevienodai, todél musy tyrimo
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metu normos riba pasirinkta didziausia i§ apraSomy normalios koncentracijos
riby — 350 ng/ml [198].

Tiriant limfocitus tekmés citometrijos metodu buvo taikyta tiesioginio da-
zymo metodika su lagsteliy lizavimu ir plovimu (angl. Stain Lyse Wash). Veni-
nio kraujo méginiai buvo inkubuojami su fluorochromais Zymétais monoklo-
niniais antikiinais prie$ Siuos zmogaus lgsteliy antigenus: CD3 (FITC, klonas
UCHT1), CD4 (PE-Cy™7, klonas SK3), CD8 (APC-Cy™7, klonas SK1),
CD45RA (PerCP-Cy™S5.5, klonas HI100), CD27 (APC, klonas M-T271),
CD38 (PE, klonas HIT2). Méginiai buvo analizuoti naudojant FACS Canto
tekmés citometrg (BD Immunocytometry Systems, JAV). Duomeny analizei
naudota FACSDiva programing jranga (Becton Dickinson, JAV). T limfocity
populiacija buvo identifikuota ir jos santykinis dydis apskai¢iuotas remian-
tis morfologiniy savybiy — lasteliy dydzio ir strukttriSkumo, nustatyty pa-
gal prieking ir Sonin¢ sklaida, deriniu su CD3 raiska. Limfocity populiacijy
santykiniai dydziai nustatyti vertinant populiacijai specifiniy Zymeny raiska,
nurodant limfocity populiacijos dydj procentais nuo T limfocity populiacijos
skaiCiaus.

Analizés metu analizuotos Sios populiacijos: CD4+CD45RA+CD27+
(naiviis); CD4+CD45RA-CD27+ (atminties); CD4+CD45RA+CD27-;
CD4+CD45RA-CD27- (atminties/efektoriniai); CD8+CD45RA+CD27+
(naiviis); CD8+CD45RA-CD27+ (atminties); CD8+CD45RA+CD27- (ci-
totoksiniai efektoriniai); CD8+CD45RA-CD27- (atminties/efektoriniai);
CD8+CD38+CD3+ (aktyvuoti supresoriai/citotoksiniai); CD8+CD38-CD3+.

Absoliutiis T limfocity ir jy populiacijy skaiciai apskaiciuoti naudojant
bendra limfocity skaiciy, nustatytg automatine hematologine sistema Sysmex
XE-5000 (Sysmex Corporation, Japonija), bei santykines (procentines) reiks-
mes, nustatytas tekmes citometrijos metodu.

2.4. Statistiné analizé

Remiantis standartine baigtinés imties dydzio apskaic¢iavimo formule ap-
skaiciuotas reikalingas imties turis:

[(Z%) x (P) x (1 =p) = (e*)] = [1 +(Z%) x (P) x (1 —p) = (¢*) * (N)],

kur:
N — tiriama populiacija serganciyjy TB — 888
Z—-1,96

e — pasirinktas tikslumas — 5 proc.
P — populiacijos proporcija ar sergamumo veiksnys — 4 proc.
p — pasikliautinumo intervalas.
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Reikalingas imties tiiris — 55 tiriamieji. Imties tiiris apskaiciuotas 5 proc.
statistiniu reikSmingumu, esant 95 proc. pasikliautinumo intervalui.

Statistiné analiz¢ atlikta naudojant SPSS v.23.0 Statistical Package for the
Social Sciences (Cikaga, JAV).

Naudoti apraSomosios ir analitinés statistikos metodai. Duomeny norma-
lumas buvo vertintas Kolmogorovo ir Smirnovo testu. Normalyji skirstinj
tenkinantys duomenys pateikti kaip vidurkis ir standartiné¢ vidurkio paklai-
da, normaliojo skirstinio netenkinantys — kaip mediana ir interkvartilinis in-
tervalas. Kategoriniai kintamieji buvo lyginti naudojantis Pearson y? testu,
tolydieji kintamieji —naudojant Mann-Whitney U testg. Koreliacijoms jvertin-
ti — Spearman rangineés koreliacijos koeficientas. DvireikSmé logistiné re-
gresija naudota su dichotominiais kintamaisiais. Kai dvireikSmés logistinés
regresijos metu vertinti tolydieji kintamieji, jie perkoduoti j dviejy reikSmiy
kintamgjj, mediang naudojant kaip ribg tarp dviejy reikSmiy.

Rezultatai laikyti statistiSkai reikSmingais, kai statistinis patikimumas (p)
buvo < 0,05.
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3. REZULTATAI IR JU APTARIMAS

3.1. Tiriamyjy charakteristikos

I tyrima buvo jtraukti 113 pacienty. Penki i§ jy véliau i tyrimo pasalinti
(3 — nustadius ZIV infekcija; 2 — skrepliy pasélyje identifikavus atipines mi-
kobakterijas). Vienas pacientas atsisaké toliau dalyvauti po pirmojo vizito dél
asmeniniy priezasciy. Viso analizuoti 107 pacientai.

Viso istirti 62 jautria vaistams TB sergantys pacientai, 31 DVA-TB sergan-
tys pacientai (i$ jy 17 DVA-TB, pre YVA-TB — 10, YVA-TB —4), 14 mono- ar
poli- atsparia vaistams TB, kuri nepriskiriama DVA-TB.

D¢l tyrimo dizaino jtraukiant visus stacionarizuotus pacientus, turin¢ius
jtraukimo ir neturincius nejtraukimo kriterijy, grupés skiriasi pagal pacienty
skaiCiy, jy amziy ir lytj. 77 pacientai buvo vyrai, 30 — moterys. Duomenys
néra pasiskirstg pagal normalyjj skirstinj, todél rezultatuose pateikiama me-
diana ir interkvartilinis plotis.

KMI mediana jautrios vaistams TB grupéje 21,53 [19,77-23,24], mono-/
poli- vaistams atsparios TB grup¢je 21,71 [17,9-24,94], DVA-TB gru-
peje 21,77 [20,13-24,22]. Demografiniai pacienty duomenys pateikiami
3.1.1 lenteléje.

3.1.1 lentelé. Demografiniai tirty pacienty duomenys

Jautri vaistams TB _ Mono-/poli- DVA-TB
vaistams atspari TB

Lytis vyrai/moterys 49/13 10/4 18/13
Amzius, metais, mediana 37 [31,3-48] 37,25 [32,5-47,5] 29 [20-44]
[IQR]
Séekmingas/nesékmingas 53/9 12/2 28/3
gydymas
Gyvena mieste/kaime 28/34 7/7 18/12
ISsilavinimas vidurinis ar 38/24 8/6 16/15
zemesnis/aukstesnis nei
vidurinis
Gyvena su Seima/vienisas 26/36 8/6 15/16
Dirba, mokosi/nedirba, 29/33 77 13/18
pensijoje

IQR — interkvartilinis plotis; DVA-TB — daugeliui vaisty atspari tuberkuliozé.
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3.2. Tuberkuliozés mikobakterijuy atsparumas vaistams nuo
tuberkuliozés ir atsparumo vaistams jtaka skrepliy pasélio konversijai

Tarp tirty pacienty DVA-TB nustatyta 28,7 proc. Atsparumas rifampicinui
nustatytas 31 pacientui (28,7 proc.), atsparumas izoniazidui — 45 (42 proc.)
pacientams. Mono atsparumo rifampicinui nustatyta nebuvo, taigi visiems
pacientams, kuriems nustatytas atsparumas rifampicinui buvo patvirtinta
DVA-TB.

Tarp tyrimo pacienty dalinis atsparumas bedakvilinui buvo nustatytas tik
vienam pacientui, kuris TB susirgo pirma karta gyvenime ir anks¢iau nei
klofazimino, nei bedakvilino nevartojo. Kartu Siam pacientui nustatytas ir
atsparumas izoniazidui, etambutoliui, levofloksacinui, ofloksacinui, moksi-
floksacinui ir kanamicinui. Jdomu tai, kad nei atsparumo klofaziminui, nei
atsparumo rifampicinui nenustatyta, todel pacientas priklauso ne DVA-TB
grupei, bet poli vaistams atsparios TB grupei. Nezinant kontakto, neatliekant
detalaus epidemiologinio tyrimo ir genetiniy TM mutacijy paiesky nejmano-
ma biity pasakyti kas $iuo atveju saglygojo atsparumo iSsivystyma.

Tarp tirty pacienty, TM atsparumo linezolidui ir klofaziminui nenustatyta.

Pabandéme jvertinti kaip atsparumas vaistams jtakoja skrepliy pasélio
konversijg po pirmojo TB gydymo ménesio. Vertinant visas isskirtas grupes
atskirai (jautri vaistams TB, mono-/poli- vaistams atspari TB, DVA-TB) sta-
tistiSkai patikimo skirtumo nestebéta (3.2.1 lentelé).

3.2.1 lentelé. Atsparumas vaistams skirtingose skrepliy pasélio konversijos
grupése gydant plauciy tuberkulioze

Ivykusios Nejvykusios p
Veiksnys konve;sg(:‘slgrupe konvelgsg (;s6grupe reikimé
Jautri ar vaistams atspari plauc¢iy TB: 0,457*
Jautri vaistams TB 23 (56,1) 34 (60,7)
Mono-/poli- vaistams atspari TB 7(17,1) 5(8,9)
DVA-TB 11 (26,8) 17 (30,4)

DVA-TB — daugeliui vaisty atspari tuberkuliozé; N — tiriamyjy skaicius.

Suskirs¢ius pacientus i dvi grupes (sergantys jautria vaistams TB ir ri-
fampicinui atsparia TB) bei atlikus dvireik§meés logistinés regresijos analize
gauta, kad nustacius atsparuma rifampicinui rizika konversijai nejvykti po
pirmojo ménesio did¢ja (RR — 39,13, PI 3,04-503,8, p = 0,005).
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3.2.1. Rezultaty aptarimas

DVA-TB dalis, nustatyta tarp visy misy tirty pacienty yra reikSmingai
didesné nei bendra Lietuvoje nurodoma DVA-TB dalis tarp naujy TB atve-
ju (11,7 proc. pagal 2018 mety Europos ligy prevencijos ir kontrolés centro
(angl. European Centre for Disease Prevention and Control) pateikiamus
duomenis [52]). Nors Romainiy tuberkuliozés ligoninés pacientai turéty ge-
rai atspindéti situacija tarp Kauno regiono pacienty (Romainiy tuberkuliozés
ligoniné yra pagrindiné TB ligonin¢ Kauno regione ir dauguma TB pacienty
gydoma c¢ia), reikia atsizvelgti i tai, kad i tyrimg nejtraukti pacientai gydyti
ambulatoriskai, bei turintys nejtraukimo kriterijy, tokiy kaip ZIV infekcija ar
kitos gretutinés ligos.

Tiriant atsparuma rifampicinui ir izoniazidui atskirai, miisy tyrime nusta-
tyta, kad mono atsparumo rifampicinui tarp tiriamyjy nebuvo. Remiantis kity
tyréjy duomenimis, daugiau nei 90 proc. atvejy, esant atsparumui rifampici-
nui kartu nustatomas ir atsparumas izoniazidui, todé¢l vien atsparumas rifam-
picinui gali biiti naudojamas kaip DVA-TB zymuo [288].

Tarp poli vaistams atsparios TB ir DVA-TB pacienty tirtas ir atsparumas
vieniems i$ naujausiy prieStuberkulioziniy vaisty: bedakvilinui, klofaziminui
bei linezolidui. Sie vaistai ypatingai svarbiis DVA-TB gydymui, nes priklauso
patiems efektyviausiems, pirmojo pasirinkimo vaistams nuo DVA-TB [91].
Pasaulinése rekomendacijose pateikiamoje gydymo schemoje [91] bedakvi-
linas ir linezolidas priklauso pirmajai — A grupei, klofaziminas — B grupei.
Nors visi Sie vaistai TB gydymui pradéti naudoti pakankamai neseniai, pasau-
lyje jiems jau nustatomas vis didéjantis atsparumas [79, 80].

Linezolidas Lietuvoje TB pacientams centralizuotai pradétas skirti nuo
2016 mety, nors pavieniy TB gydymo Siuo vaistu atvejy bita ir anksciau.
Kokio atsparumo paplitimo galétume tikétis po keleriy mety galima bandyti
suprasti remiantis kity Saliy duomenimis. Pirmieji atvejai linezolidui atspariy
TM Vokietijoje apraSyti 2007 metais: tuomet 1§ 210 izoliaty iStirty naciona-
lin¢je referentinéje laboratorijoje 2003—-2005 metais, atsparumas linezolidui
nustatytas 4 pacientams t.y. 1,9 proc. tiriamyjy [289]. Véliau (2008-2013 m.)
toje pacioje Salyje atlikto tyrimo metu atsparumas linezolidui nustatytas jau
3 proc. tirty pacienty, nors tiesiogiai rezultatus sunku palyginti, nes pastarojo
tyrimo metu vertinta tik migranty populiacija [290]. 2019 metais Piety Afri-
koje tyrimo metu, atspariis linezolidui TM izoliatai nustatyti mazdaug trec-
daliui pacienty tarp jau gydyty nuo DVA-TB ir patyrusiy gydymo nesékme
[291]. Tyréjy nuomone, viena i§ to priezas¢iy gal¢jo biiti tai, kad linezolidas
buvo pridedamas kaip papildomas vaistas prie TB gydymo rezimo, kuris jau
buvo neefektyvus. Taigi, nors, turimais duomenimis, atsparumas linezolidui
Lietuvoje nustatomas retai, remiantis kity Saliy duomenimis, negalima atmes-
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ti, kad ateityje, vis dazniau $§j vaistg skiriant, tikétinas atsparumo linezolidui
daznio augimas.

Tarp tirty pacienty, atsparumo klofaziminui nenustatyta nei vienam, taciau
svarbu pazymeéti, kad Sio tyrimo atlikimo metu klofaziminas Lietuvoje dar
nebuvo naudojamas. Sis vaistas pradétas teikti ligoninéms Lietuvoje tik 2020
metais. Siekiant suprasti kaip gali keistis atsparumas klofaziminui tarp Lietu-
vos pacienty taip pat naudinga jvertinti kity Saliy patirtj. Piety Afrikoje klofa-
ziminas naudojamas jau nuo 2012 mety, o 2020 metais atliekant viso TM ge-
nomo sekoskaitg ¢ia nustatyti 92 TM izoliatai turintys mutacijg Rv0678, kuri
gali salygoti atsparumg bedakvilinui ir klofaziminui [74, 292]. Nei vienas 1§
pacienty, infekuoty Siais TM izoliatais anks¢iau nebuvo gaves gydymo Siais
vaistais [292]. Yra duomeny, kad mutacijos susijusios su atsparumu bedakvi-
linui ir klofaziminui Piety Afrikoje cirkuliavo dar ir 2009-2012 metais, t. y.
prie§ bedakvilino ir klofazimino jtraukima ; TB gydymo kliniking praktika
[74]. 2014 m. Vokietijoje atlikto tyrimo metu atsparumas klofaziminui nusta-
tytas 5 proc. tirty pacienty [290].

Kaip matome i§ pasaulyje atlikty tyrimy, bégant laikui, atsparumo nau-
jiems vaistams nuo TB nustatoma vis daugiau. Siekiant to iSvengti, remiantis
eksperty susitarimais, biitina laikytis TB gydymo rekomendacijy, nepridéti
naujo vaisto kaip vienintelio galimai efektyvaus vaisto prie esamo DVA-TB
gydymo rezimo, kai manoma, kad skiriamas gydymas nebeefektyvus [291,
293].

3.3. Skrepliu pasélio konversija itakojantys veiksniai

Tarp tirty pacienty visi buvo Lietuvos pilie¢iai, imigranty i$ kity Saliy ne-
buvo, visi neigé narkotiky vartojima, tik vienas pacientas neturéjo nuolatinés
gyvenamosios vietos, tod¢l Siy veiksniy jtakos skrepliy pas¢lio konversijai
i8tirti nepavyko.

Atskirai jvertintos jautrios ir atsparios vaistams TB grupés, kad rezultaty
neiskreipty atsparumas vaistams ir taikomas gydymas.

3.3.1. Skrepliy pasé¢lio konversija itakojantys veiksniai gydant
vaistams jautria plauciy tuberkulioze

Siam disertacijos uzdaviniui atsakyti ir pirmam straipsniui disertacijos
tema naudoti 52 pirmieji | tyrimg jtraukti pacientai, kuriems nustatyta vais-
tams jautri plauciy TB.

IS 52 | sig grupe patekusiy pacienty, skrepliy pasélio konversija po pir-
mojo gydymo meénesio stebéta mazesnei daliai: 20 pacienty (38,5 proc.). 32
(62,5 proc.) pacientams pase¢lio konversija po pirmo gydymo ménesio nejvy-
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ko. Prie pastarosios grupés priskiriami ir tie 3 pacientai, kurie miré per pirma

gydymo ménes;.

Tirty veiksniy pasiskirstymas tarp tirty pacienty pateikiamas 3.3.1.1 len-

tel¢je.

3.3.1.1 lentelé. Pacienty socialiniai ir kiti tirti veiksniai skirtingose skrepliy
pasélio konversijos grupése gydant vaistams jautrig tuberkulioze

>30
<30

4(20)
15 (80)

19 (59,37)
13 (40,63)

Ivykusios Nejvykusios
Veiksnys konve;sﬁozsogrupé konve;sﬁt;szgrupé reil?émé
Lytis. n (proc.): 0,677*
Vyrai 16 (80,0) 24 (75)
Moterys 4(20,0) 8 (25)
Amzius metais, mediana [IQR] 36 [29-45] - 0,587"
Amziaus grupés, n (proc.): 0,768*
>40 m. 11 (55) 22 (68,75)
<40 m. 9 (45) 10 (31,25)
Gyvenamoji vieta, n (proc.): 0,07*
Miestas 12 (60,0) 11 (34,37)
Kaimas 8 (40,0) 21 (65,63)
Seimin¢ padétis, n (proc.): 0,93%
Vienisas 11 (55) 18 (62,1)
Su Seima/partneriu 9 (45) 14 (60,9)
Darbas, n (proc.): 0,508
Dirba, mokosi 10 (50) 13 (40,62)
Bedarbis, pensininkas 10 (50) 19 (59,38)
I$silavinimas, n (proc.): 0,284"
Vidurinis ar zemesnis 10 (50) 21 (65,62)
Aukstesnysis ar aukstasis 10 (50) 11 (34,38)
Subjektyviai jvertinta sveikatos 0,113*
buklé, n (proc.):
Labai gera 3 (15) 1 (3,125)
Gera 8 (40) 4(12,5)
Vidutiniska 7 (35) 17 (53,125)
Bloga 2 (10) 8 (25)
Labai bloga 0 (0) 2 (6,25)
Subjektyviai jvertintos sveikatos 0,007*
buklés grupés, n (proc.):
Labai gera, gera sveikata 11 (55) 6 (18,75)
Vidutiniska, bloga ir labai bloga 9 (45) 26 (81,25)
sveikata
SGRQ bendras balas, mediana 22,13 [4,03-29,05] | 32,79 [26,17-47,86] | 0,009
[IQR]
SGRQ bendras balas, n (proc.): 0,008*
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3.3.1.1 lentelés tesinys

Ivykusios Nejvykusios
Veiksnys konve;sﬁozsogrupé konvelzsﬁ(;szgrupé reilgmé

Alkoholio vartojimas, n (proc.): 0,91*

2-3 k. per savaite ir dazniau 8 (40) 10 (31,25)

Recdiau nei 2-3 k./sav. 8 (40) 14 (43,75)

Nevartoja 4 (20) 8(25)
Kritinés Igstos rentgenogramos 53,33 [8,3-58,33] |95,83 [74,16-109,16] | <0,001"
skalé, mediana [IQR]
Albumino koncentracija kraujyje 36 [28-39] 25,5 [24-35] 0,012
(g/1), mediana [IQR]
Hipoalbuminemija (<35 g/1), 0,046*
n (proc.):

Taip 5(25) 17 (53,12)

Ne 15 (75) 15 (46,88)
KMI (kg/m?), mediana [IQR] 22,37[19,89-24,06]| 22,21 [19,94-23,93] | 0,837
KMI grupés, n (proc.): 0,252%

Nepakankamas svoris

(KMI <18,5 kg/m?) 3(15) 3(9,375)

Normalus svoris 18,5-24,9 kg/m? 13 (65) 24 (75)

Virssvoris 25-29,9 kg/m? 4(20) 3(9,375)

Nutukimas >30 kg/m? 0 (0) 2 (6,25)
Rikantis, n (proc.) 15 (75) 28 (87,5) 0,246
neriikantis, n (proc.) 5(25) 4(23,5)
Pakmeciai, mediana [IQR] 12,5 [5-16] 20 [5-25] 0,33
Riko daugiau nei 20 pakmeciy, 0,046
n (proc.):

Taip 5(25) 17 (53,12)

Ne 15 (75) 15 (46,88)
RAB kiekis skrepliuose pries pra- <0,0001*
dedant gydyma, n (proc.):

RAB 3+ 0 (0) 21 (65,6)

RAB 2+ 5(25) 5(15,6)

RAB 1+ 3(15) 4(12,5)

Pavieniai RAB 4 (20) 2(6,3)

RAB nerasta 8 (40) 0(0)
Vitamino D koncentracija (nmol/l), | 35,2 [24,5-43,5] | 29,35 [24,58-38,55] | 0,342"
mediana [IQR]
Vitamino D grupé, n (proc.): 0,43*

<50 nmol/l 13 (65) 25 (78,125)

50-69 nmol/l 6 (30) 7 (21,875)

Optimalus kiekis (70-250 nmol/l) 1(5) 0(0)

* — Mann-Whitney U testas

# — Pearson chi-kvadrato testas

IQR — interkvartilinis plotis; SGRQ — Sv. Jurgio ligoninés kvépavimo klausimynas (angl. Sz.
George Respiratory Questionnaire); KMI — kiino masés indeksas; RAB — riig§¢iai atsparios
bakterijos.

51



Tarp tirty pacienty maziausias KMI buvo 16,56, didziausias — 34,05 kg/m?.
Vitamino D koncentracija — 17,8-73,9 nmol/l (vidurkis 43,39, standarti-
nis nuokrypis (SN) 2,01). Tik vienam pacientui, remiantis laboratorijos
pateikiamomis reik§mémis, nustatyta normali vitamino D koncentracija
(70-250 nmol/l).

Kaip parodyta pateiktoje lentel¢je (3.3.1.1), veiksniai, kurie tarp vaistams
jautrios TB pacienty statistiSkai reikSmingai skyrési abiejose skrepliy pasélio
konversijos grupése, buvo pacienty subjektyviai jsivertinta sveikatos bikle,
SGRQ balai, skrepliy mikroskopijos duomenys, kriitinés 1gstos rentgenogra-
mos skalés baly skaicius, albumino koncentracija kraujyje bei tai, ar pacien-
tas ruké daugiau, ar maziau kaip 20 pakmeciy.

Atlikus dvireikSmés logistinés regresijos analize (3.3.1.2 lentel¢), statistis-
kai reikSmingg jtaka skrepliy pasélio konversijai po pirmojo gydymo meénesio
tur¢jo prie§ gydyma rastas RAB kiekis skrepliy mikroskopijoje, kriitinés 13s-
tos rentgenogramos skalés baly skaiius bei subjektyvus paciento sveikatos
jsivertinimas.

3.3.1.2 lentelé. Dvireiksmés logistinés regresijos analizé jautrios vaistams tu-
berkuliozés grupéje, vertinant kurie is tirty veiksniy reiksmingai jtakoja skre-
pliy pasélio konversijos jvykimg

. . Beta koefi- ndartini n

Tirtas veiksnys ectiint(:les Sltlzllmcll::‘ytpiss reilgmé s:::tysl?is 95 proc. P1
RAB kiekis skrepliuo- -1,553 0,518 0,003 0,212 | 0,077 | 0,584
se pries gydyma
Albumino koncentra- -0,186 0,134 0,164 0,830 | 0,639 | 1,079
cija
Rentgeno skalés jvertis -0,062 0,027 0,019 0,939 0,892 | 0,990
Vitamino D koncen- 0,056 0,045 0,214 1,057 | 0,968 | 1,154
tracija
Subjektyvus sveikatos -1,624 0,727 0,026 0,197 | 0,047 | 0,820
buklés jsivertinimas
SGRQ jvertis -0,013 0,030 0,674 0,987 | 0,930 | 1,048
Lytis (vyras/moteris) -0,237 1,000 0,813 0,789 0,111 | 5,600
Amzius -0,011 0,046 0,812 0,989 | 0,905 | 1,082
Gyvenamoji vieta 0,178 0,987 0,857 1,195 | 0,173 | 8,267
(miestas/kaimas)
Pakmeciy skaicius 0,115 0,082 0,159 1,122 | 0,956 | 1,318
Alkoholio vartojimo 0,843 0,698 0,227 2,324 | 0,591 | 9,134
jprocCiai
ISsilavinimas 0,475 0,482 0,324 1,608 | 0,625 | 4,138
KMI —-0,008 0,133 0,953 0,992 | 0,764 | 1,288
Dirba/bedarbis 0,474 0,865 0,583 1,607 | 0,295 | 8,755
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3.3.1.2 lentelés tesinys

Tirtas veiksnys Bet.a koefi- Standartu.ns L Sansq. 95 proc. PI
cientas nuokrypis | reikSmé | santykis
Vieni$as/gyvenantis su 0,053 0,942 0,955 1,055 0,167 | 6,679
Seima

PI — pasikliautinasis intervalas; SGRQ — Sv. Jurgio ligoninés kvépavimo klausimynas (angl.
St. George Respiratory Questionnaire); KMI — kiino masés indeksas; RAB — riig§¢iai atspa-
rios bakterijos.

Vertinant statistiSkai reikSmingai konversijos grupése besiskirianc¢ius
veiksnius, kiekybinius bei ranginius kintamuosius perkodavus  dvireikSmius,
dvireikSmés logistinés regresijos analiz¢ atlikta pakartotinai (lentelé 3.3.1.3).
Pritaikius zingsninés regresijos procediirg gautas optimalus modelis, kuriame
liko trys pozymiai. Modelio Nagelkerkés pseudodeterminacijos koeficien-
tas — 0,578, teisingas klasifikavimas — 82,4 proc. Kaip matoma lentel¢je (len-
tele¢ 3.3.1.3), pacientai, kuriems prie§ gydyma skrepliuose mikroskopiSkai
buvo nustatyta 2+ RAB ar 3+ RAB, lyginant su tais, kuriy skrepliuose nu-
statyta maziau RAB, tur¢jo 20,8 karty didesng rizika, kad po pirmojo TB
gydymo meénesio skrepliy paselio konversija nejvyks. Skrepliy pasélio kon-
versijg taip pat gal€jo prognozuoti SGRQ klausimynas: pacientai, kurie Siame
klausimyne surinko 30 ar daugiau baly turéjo 7 kartus didesne rizika, kad
skrepliy pasélio konversija po pirmojo TB gydymo ménesio nejvyks. Riky-
mo anamnez¢ (daugiau kaip 20 pakmeciy rukymo), vertinant atskirai, nebuvo
statistiSkai patikimas veiksnys prognozuojant skrepliy pasélio konversija.

3.3.1.3 lentelé. Dvireiksmés logistinés regresijos Zingsninés analizés optima-
lus modelis, vertinant veiksnius turincius jtakq skrepliy pasélio konversijos
nejvykimui po 1 ménesio jautrios vaistams plauciy tuberkuliozés grupéje

Tirtas veiksnys Sansq. 95 proc. PI | P reikSmé
santykis
SGRQ klausimyno bendras jvertis (<30/>30) 7,1 1,26-39,99 0,026
Tabako riikymo pakmeciai (<20 pakmeciy/>20 5,2 0,93-29,1 0,061
pakmeciy)
Skrepliy mikroskopijos jvertinimas pries gy- 20,8 3,77-114,72 <0,0001
dyma (<2+ RAB/>2+ RAB)

PI — pasikliautinasis intervalas; SGRQ — Sv. Jurgio ligoninés kvépavimo klausimynas (angl.
St. George Respiratory Questionnaire); RAB - rlig§¢iai atsparios bakterijos.

Remiantis 3.3.1.3 lenteléje pateiktais Sansy santykiais bandéme sukurti
skrepliy pasélio konversijos nejvykimo po pirmojo gydymo ménesio rizikos
skale. Jei pacientas surinko 30 ar daugiau SGRQ baly jam rizikos skal¢je skir-
ti 7 balai, jei SGRQ baly buvo maziau — rizikos skaléje skirta 0 baly. Jei ruky-
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mo pakmeciy paciento anamnezéje buvo 20 ar daugiau, rizikos skaléje skirta
5 balai, o jei pries paskiriant TB gydyma skrepliuose rasta 2+ ar 3+ RAB,
pacientui skirtas 21 balas. Minimalus rizikos skalés jvertis buvo 0, maksima-
lus — 33. Rizikos skalés ROC kreivé pateikiama 3.3.1.1 paveikslélyje. Plotas
po kreive (angl. area under curve (AUC)) — 0,87, 95 proc. PI1 0,733-0,968.

ROC kreivé

1,0

0,81

Jautrumas
(=}
2

s
~
1

0,21

1 1
0,0 0,2 0,4 0,6 0,8 1,0
1-Specifiskumas

3.3.1.1 pav. ROC kreivé vertinant sudarytq rizikos skale nepatirti skrepliy
pasélio konversijos po pirmojo tuberkuliozés gydymo ménesio esant jautriai
vaistams tuberkuliozei

Remiantis Sia ROC kreive, konversijos prognozés skalés reikSme 16,5
skrepliy pasé¢lio konversijos nejvykimg prognozuoja su 81,3 proc. jautrumu
ir 75 proc. specifiSkumu. Teigiama predikciné verté 83,88 proc., neigiama
predikciné verté — 71,48 proc.

3.3.2. Skrepliy pasé¢lio konversija itakojantys veiksniai gydant
daugeliui vaisty atsparia plauciy tuberkulioze

Atskirai tirta DVA-TB grupé, kuriai priklausé 31 pacientas. Triko duo-
meny apie 3 pacienty konversija (netinkamai paimtas ar nepaimtas skrepliy
éminys). IS tirty pacienty skrepliy pasélio konversija po 1 gydymo ménesio
ivyko 11 pacienty, nejvyko — 17. Kaip konversijos grupése pasiskirsté tirti
veiksniai pateikta 3.3.2.1 lenteléje.
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3.3.2.1 lentelé. Pacienty socialiniai ir kiti tirti veiksniai skirtingose skrepliy
pasélio konversijos grupése gydant daugeliui vaisty atspariq tuberkulioze

skalé, mediana [IQR]

Ivykusios Nejvykusios
Veiksnys konvell\'lsi_jolslgrupé konvell\'lsﬁols7grupé reil?émé
Lytis, n (proc.): 0,823
Vyrai 6 (54,54) 10 (58,8)
Moterys 5 (45,45) 7 (41,2)
Amzius metais, mediana [IQR] 56 [20-60] 43 [32,5-52] 0,43
Amziaus grupés, n (proc.): 0,934%
>40 m. 6 (54,54) 9 (53)
<40 m. 5 (45,45) 8 (47)
Gyvenamoji vieta, n (proc.): 0,093*
Miestas 8 (72,7) 8 (47)
Kaimas 2 (18,2) 9 (53)
Seiminé padétis, n (proc.): 0,102%
Vienisas 3(27,3) 10 (58,8)
Su Seima/partneriu 8 (72,7) 7 (41,2)
Darbas, n (proc.): 0,142%
Dirba, mokosi 7 (63,6) 6 (35,3)
Bedarbis, pensininkas 4 (36,4) 11 (64,7)
I8silavinimas, n (proc.): 0,184%
Vidurinis ar Zemesnis 5 (45,45) 12 (70,6)
Aukstesnysis ar aukstasis 6 (54,54) 5(29,4)
Subjektyviai jvertinta sveikatos 0,705%
buklé, n (proc.):
Labai gera 1(9,1) 1(5,9)
Gera 3(27,3) 5(29.4)
Vidutiniska 4 (36,4) 9 (53)
Bloga 3(27,3) 2 (11,8)
Labai bloga 0 (0) 0 (0)
Subjektyviai jvertintos sveikatos 0,954*
buklés grupés, n (proc.):
Labai gera, gera sveikata 4 (36,4) 6(35,3)
Vidutiniska, bloga ir labai bloga 7 (63,6) 11 (64,7)
sveikata
SGRQ bendras balas, mediana 33,15[10,35— 24,62 [15,28-35,99] | 0,194°
[IQR] 54,27]
SGRQ bendras balas, n (proc.): 0,934%
>30 5 (45,45) 8 (47)
<30 9 (81,81) 9 (53)
Alkoholio vartojimas, n (proc.): 0,004%
2-3 k. per savaite ir dazniau 1(9,1) 6 (35,3)
Reciau nei 2-3 k./sav. 3(27,3) 10 (58,8)
Nevartoja 7 (63,6) 1(5,9)
Kritinés Iastos rentgenogramos 14,25 [1,33-42,09] | 61,83 [40,33-77,5] 0,019°
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3.3.2.1 lentelés tesinys

<50 nmol/l
50-69 nmol/l

Optimalus kiekis (70-250 nmol/l)

5 (45,45)
4(36,4)
19

12 (70,6)
3(17,6)
2(11,8)

Ivykusios Nejvykusios p
Veiksnys konversnios grupé konve;sgols7grupe reikimé

Albumino koncentracija kraujyje, 40 [39,5-41,5] 40 [37-40] 0,675"
g/l , mediana [IQR]
Hipoalbuminemija (<35g/1), 0,239%
n (proc.):

Taip 3(27,3) 2 (11,8)

Ne 7 (63,6) 15 (88,2)
KMI (kg/m?), mediana [IQR] 22,26 [19,2-25,5] | 21,97 [20,33-23,59] | 0,264
KMI grupés, n (proc.): 0,32*

Nepakankamas svoris 0(0) 2 (11,8)

(KMI <18,5 kg/m?)

Normalus svoris 18,5-24,9 kg/m? 7 (63,6) 12 (70,6)

Virssvoris 25-29,9 kg/m? 4 (36,4) 3(17,6)

Nutukimas >30 kg/m? 0 (0) 0(0)
Rikantis, n (proc.) 7 (63,6) 15 (88,2) 0,121%
nertikantis, n (proc.) 4(36,4) 2 (1L,8)
Pakmeciai, mediana [IQR] 2,510,5-2,25] 10[3,5-25,5]] 0,134
Riko daugiau nei 20 pakmeciy, 0,066
n (proc.): 1(9,1) 7 (41,2)

Taip 10 (91) 10 (58,8)

Ne
RAB kiekis skrepliuose pries pra- 0,001%
dedant gydyma, n (proc.):

RAB 3+ 1(9,1) 3(17,6)

RAB 2+ 0(0) 5(29,4)

RAB 1+ 0(0) 3(17,6)

Pavieniai RAB 1(9,1) 5(29,4)

RAB nerasta 9 (81,8) 1(5,9)
Vitamino D koncentracija (nmol/l), | 35,5 [19,35-60,5] 47,9 [26,25-62] 0,675
mediana [IQR]
Vitamino D grupé, n (proc.): 0,437*

* — Mann-Whitney U testas
# — Pearson chi-kvadrato testas

IQR — interkvartilinis plotis; SGRQ — Sv. Jurgio ligoninés kvépavimo klausimynas (angl. Sz.
George Respiratory Questionnaire); KMI — kiino masés indeksas; RAB — riig§¢iai atsparios

bakterijos.

Kaip ir jautrios vaistams TB atveju, statistiSkai reikSmingai abiejose gru-
pése skyrési RAB jvertis skrepliy mikroskopijoje prie§ pradedant gydyma
bei apskaiciuota kriitinés lgstos rentgenogramos skalé. Ne taip, kaip jautrios
vaistams TB grupéje, nesiskyré subjektyvus sveikatos vertinimas, gyvenimo
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kokybés klausimyno jverciai. Skirtingai nei jautrios vaistams TB atveju, gy-
dant DVA-TB statistiSkai reikSmingai skyrési alkoholio vartojimo jprociai
abiejose konversijos grupése.

Atlikus dvireikSme logisting regresija DVA-TB grupéje stebéta, kad reiks-
mingg jtakg skrepliy pasélio konversijai turéjo tik tai ar pacientas buvo var-
tojantis alkohol; ar ne. Pacientams, kurie stacionarizavimo metu teige, kad
vartojo alkoholj, buvo mazesné tikimybé po pirmojo gydymo ménesio nu-
statyti skrepliy pasélio konversijg (lentelé 3.3.2.2). Nestebéta, kad kuris nors
kitas 18 tirty veiksniy turéty jtakg skrepliy pasélio konversijos jvykiui, taciau
atkreipiamas démesys, kad §i grupé gana nedidelé ir rezultatai galimai skirty-
si iStyrus daugiau pacienty.

3.3.2.2 lentelé. Dvireiksmes logistinés regresijos analizé daugeliui vaisty at-
sparios tuberkuliozés grupéje, vertinant kurie is tirty veiksniy reikSmingai
jtakoja skrepliy pasélio konversijos nejvykimg po 1 gydymo ménesio. Patei-
kiami tik statistiskai reikSmingq jtakq turintys veiksniai

. . Beta Standartinis P Sansy
Tirtas veiksnys koeficientas | nuokrypis | reikSmé | santykis 95 proc. PI
Ar pacientas vartoja 3,87 1,53 0,01 48 2,4 1985,24
alkoholj

Duomenys apie mono-/poli- vaistams atsparios TB grupe, atskirai nepatei-
kiami, nes §i grupé buvo dar mazesné, ir logistinés regresijos analizés metu
statistiSkai reik§mingos veiksniy jtakos nestebéta.

3.3.3. Skrepliy pasélio konversija jtakojantys veiksniai gydant
plauciy tuberkulioze

Taip pat jvertintos visos TB grupés bendrai neskirstant pagal atsparu-
ma vaistams. Visoms Sioms grupés kartu priklaus¢ 107 pacientai, taciau
triko duomeny apie 10 pacienty skrepliy konversija. Tarp tirty TB pacien-
ty konversija jvyko 41 pacientui, nejvyko — 56. Gauti rezultatai pateikiami
3.3.3.1 lentelé¢je.
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3.3.3.1 lentelé. Pacienty socialiniai ir kiti tirti veiksniai skirtingose skrepliy
pasélio konversijos grupése gydant plauciy tuberkulioze

skalé, mediana [IQR]

Ivykusios Nejvykusios P
Veiksnys konve;sgt:‘slgrupe konve;sgoss(sgrupe reikimé
Lytis, n (proc.): 0,705"
Vyrai 30(73,2) 39 (69,6)
Moterys 11 (26,8) 17 (30,4)
Amzius metais, mediana [IQR] 42 [32-51,5] 46 [37-55,75] 0,852%
Amziaus grupés, n (proc.): 0,565%
>40 m. 24 (58,5) 36 (64,3)
<40 m. 17 (41,5) 20 (35,7)
Gyvenamoji vieta, n (proc.): 26 (63.,4) 21 (37,5) 0,008*
Miestas 14 (34,1) 35 (62,5)
Kaimas
Seiminé padétis, n (proc.): 17 (41,5) 33 (58,9) 0,089*
Vienisas 24 (58,5) 23 (41,1)
Su Seima/partneriu
Darbas, n (proc.): 0,197
Dirba, mokosi 23 (56,1) 24 (42,9)
Bedarbis, pensininkas 18 (43.,9) 32 (57,1)
I8silavinimas, n (proc.): 19 (46,3) 35(62,5) 0,114%
Vidurinis ar Zemesnis 22 (53,7) 21 (37,5)
Aukstesnysis ar aukstasis
Subjektyviai jvertinta sveikatos 0,215*
buklé, n (proc.):
Labai gera 5(12,2) 2 (3,6)
Gera 13 (31,7) 11 (19,6)
Vidutiniska 15 (36,6) 28 (50)
Bloga 6 (14,0) 13 (23,2)
Labai bloga 1(2,4) 2 (3,6)
Subjektyviai jvertintos sveikatos 0,024*
buklés grupés, n (proc.):
Labai gera, gera sveikata 18 (43.,9) 13 (23,2)
Vidutiniska, bloga ir labai bloga 22 (53,7) 43 (76,8)
sveikata
SGRQ bendras balas, mediana 22,8 [7,23-39,73] | 32,79 [23,14-52,96] | 0,005"
[IQR]
SGRQ bendras balas, n (proc.): 0,039*
>30 14 (34,1) 31 (55,4)
<30 27 (65,9) 25 (64,6)
Alkoholio vartojimas, n (proc.): 0,27
2-3 k. per savaite ir dazniau 14 (34,1) 11 (19,6)
Reciau nei 2-3 k./sav. 16 (39) 26 (46,4)
Nevartoja 11 (26,83) 19 (33,9)
Kriitinés Igstos rentgenogramos 41,67 [4,58-57,92] | 82,25 [62-106,46] |<0,0001"
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3.3.3.1 lentelés tesinys

<50 nmol/l
50-69 nmol/l
Optimalus kiekis (70-250 nmol/I)

22 (53,7)
15 (36,6)
2(4,9)

41(73,2)
13 (23.2)
2 (3,6)

Ivykusios Nejvykusios P
Veiksnys konve;sg(:‘slgrupe konve;sg(;zgrupe reikimé

Albumino koncentracija kraujyje 40 [36,5-43,5] 37 [31,75-40] 0,089*
(g/1), mediana [IQR]
Hipoalbuminemija (<35g/1) , n 0,698"
(proc.):

Taip 10 (24,4) 16 (28,6)

Ne 30 (73,2) 40 (71,4)
KMI (kg/m?), mediana [IQR] 21,91[19,19-24,72]| 21,72 [19,94-23,24] | 0,926"
KMI grupés, n (proc.): 0,307*

Nepakankamas svoris

(KMI <18,5 kg/m?) 6 (14,6) 7 (12,5)

Normalus svoris 18,5-24,9 kg/m? 26 (63,4) 38 (67,9)

Virssvoris 25-29,9 kg/m? 9(22) 7 (12,5)

Nutukimas >30 kg/m? 0 (0) 3(5,4)
Rikantis, n (proc.) 30 (73,2) 49 (87,5) 0,073*
nertikantis, n (proc.) 11 (26,8) 7(12,5)
Pakmeciai, mediana [IQR] 7[0-19] 10 [5-25] 0,147*
Riko daugiau nei 20 pakmeciy, n 0,011%
(proc.):

Taip 10 (24,4) 28 (50)

Ne 31(75,6) 28 (50)
RAB kiekis skrepliuose pries pra- <0,0001"
dedant gydyma, n (proc.):

RAB 3+ 3(7,3) 25 (44,6)

RAB 2+ 5(12,2) 12 (21.,4)

RAB 1+ 5(12,2) 9(16,1)

Pavieniai RAB 8(19,5) 8 (14,3)

RAB nerasta 20 (48,8) 2 (3,6)
Vitamino D koncentracija (nmol/l), | 42,3 [35,3-56,3] | 40,2[28,13-59,15] | 0,081%
mediana [IQR]
Vitamino D grupé, n (proc.): 0,232%

* — Mann-Whitney U testas
# — Pearson chi-kvadrato testas

IQR — interkvartilinis plotis; SGRQ — Sv. Jurgio ligoninés kvépavimo klausimynas (angl.
St. George Respiratory Questionnaire); KMI — kiino masés indeksas; RAB — riig§¢iai atspa-

rios bakterijos.

Kaip matome lenteléje 3.3.3.1, jvykusios ir nejvykusios skrepliy pasélio
konversijos grupése stebétas statistiSkai reikSmingas skirtumas tarp gyve-
namosios vietos, SGRQ balo, pakmeciy skai¢iaus, kriitinés lastos rentgeno-
gramos skalés baly skaiciaus bei RAB kiekio pries gydyma. Vis tik atlikus
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dvireik§me logistine regresija gauta, kad konversijg statistiSkai reikSmingai
itakojo tik kratinés lgstos rentgenogramos balas bei RAB kiekis prie$ gydy-
m3. Kiekvienas didesnis rentgeno skalés balas didino konversijos nejvykimo
rizika (RR 1,08; 95 proc. PI 1,02-1,14; p = 0,01); kekvienas aukstesnis RAB
jvertis (0; pavieniai; 1+;2+;3+) taip pat didino konversijos nejvykimo rizika
(RR —4,84; 95 proc. PI 1,95-12,04; p=0,001).

Rentgeno skalés baly skaiciy ir RAB kiekj skrepliuose prie§ pradedant
TB gydyma sugrupavus j dvi grupes, kaip jautrios vaistams TB grupégje ir
atlikus dvireikSme logisting regresija (lentelé 3.3.3.2) gauname, kad statistis-
kai reikSmingai konversijos nejvykima po pirmojo gydymo ménesio jtakojo
rentgenogramos skalé¢, RAB kiekis skrepliuose pries pradedant gydyma, ir
rukymo pakmeciy skaicius, kai jis virSija 20. Tarp kity tirty veiksniy, neisski-
riant nei SGRQ klausimyno jvercio, statistiSkai reikSmingos itakos skrepliy
pasélio konversijai po pirmojo gydymo ménesio nerasta.

3.3.3.2 lentelé. Dvireiksmés logistinés regresijos analizé bendroje tuberkulio-
zés grupéje, vertinant kurie is tirty veiksniy reikSmingai jtakoja skrepliy pa-
sélio konversijos nejvykimg po 1 gydymo meénésio. Pateikiami tik statistiskai
reiksmingq jtakq turintys veiksniai

Tirtas veiksnys Beta koe- | Standartinis p gansq 95 proc.
ficientas | nuokrypis | reikSmé | santykis PI

RAB kiekis skrepliuose pries 2,62 0,95 0,006 13,76 |2,12{89,21
gydymg (iki 2-+/2+ ir 3+)
Rentgeno skalés jvertis (iki 1,86 0,83 0,026 6,4 1,25(32,83
70/70 ir daugiau)
Pakmeciy skaicius (iki 20/20 0,92 0,34 0,008 2,5 1,27 4,9
ir daugiau)

PI — pasikliautinasis intervalas; RAB — riig§¢iai atsparios bakterijos.

Remiantis gautais rezultatais, konversijos nejvykima bendroje TB grupé-
je geriausiai prognozavo RAB kiekis skrepliuose prie§ pradedant gydyma
bei kriitinés lastos rentgenogramos skalé. Siy pozymiy nauda prognozuojant
skrepliy konversijos nejvykimg jvertinta ROC kreiviy metodu. Skrepliy mi-
kroskopijoje rasta RAB kiekj perkodavome 4 baly sistema (RAB nerasta —
0 baly; rasta pavienés RAB — 1 balas; rasta 1+ RAB — 2 balai; rasta 2+ RAB
— 3 balai; rasta 3+RAB — 4 balai). Rentgeno skalé naudota esama skaitine
iSraiska (0—140 baly). Gautos ROC kreivés pateikiamos 3.3.3.1 pav.
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ROC kreivé

—— Mikroskopijos rezultatai

"""" Rentgeno skalé
— — Atskaitos linija

Jautrumas

1 1
0,0 0,2 0,4 0,6 0,8 1,0
1-Specifiskumas

3.3.3.1 pav. Konversijos nejvykimo prognozavimas pagal pradinius skrepliy
mikroskopijos ir rentgeno skalés jvercius. ROC kreivé

Remiantis plotu po ROC kreive (AUC) (3.3.3.1 pav), nustatyta, kad ir
skrepliy mikroskopijos rezultatai, ir rentgeno skalé¢ yra geros prognostinés
vertés tyrimai (AUC — 0,8-0,9 ribose) vertinant skrepliy konversijos nejvy-
kimo rizikg. Skrepliy mikroskopijos AUC lygus 0,884; 95 proc. PI 0,803—
0,964; p<0,001. Rentgeno skalés AUC = 0,826; 95 proc. PI 0,723-0,93;
p <0,001. Remiantis Younden J indeksu apskaiCiuotos ribinés rezultaty
reik§meés konversijos nejvykimo prognozavimui. Mikroskopijos metu radus
1+ RAB ar daugiau, konversijos nejvykimas prognozuojamas esant 85 proc.
jautrumui ir 75 proc. specifiSkumui. Prognostiné rentgeno skalés ribiné verté
(pasitelkiant Youden J reikSme) — 59,17. Jei rentgeno skalés verté yra didesné
uz §13, konversijos nejvykimo prognozavimo jautrumas 80 proc, specifiSku-
mas 82 proc.

3.3.4. Rezultaty aptarimas

.....

nuo TB biozymuo [294] naudojamas ir klinikiniuose tyrimuose [28, 102].
Tarp DVA-TB pacienty skrepliy pas¢lio konversija po 2 ménesiy yra reiks-
mingai susijusi su gydymo iSeitimi [16, 295]. UzZtrukusi skrepliy paselio kon-
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versija taip pat lemia ir ilgesnj laikotarpj, kuomet pacientas gali biiti epide-
miologiskai pavojingas aplinkiniams.

Daugelyje saliy siekiant sumazinti nasSta sveikatos apsaugos sistemai, pa-
gerinti pacienty gyvenimo kokybe siekiama pacientus sergancius TB kuo
anksCiau pradeti gydyti ambulatoriS8kai. Tam, kad biity nutraukta izoliacija
iprasta gauti bakteriologinj skrepliy mikroskopijos ar skrepliy paselio kon-
versijos patvirtinimg. Lietuvoje, remiantis ir galiojan¢iomis rekomendacijo-
mis [7] ir Lietuvos Respublikos sveikatos apsaugos ministro jsakymu [90]
skrepliy pasé¢lio konversija TB sergantiems pacientams rekomenduojama
vertinti po dviejy gydymo ménesiy. Siame tyrime, siekdami kuo grei¢iau
jvertinti gydymo efektyvuma, skrepliy pasélio konversija tyréme po 1 méne-
sio. Konversija visais atvejais buvo patvirtina po 2 gydymo ménesiy atliktu
pakartotinu skrepliy paséliu (praé¢jus ne maziau kaip 30 dieny nuo buvusio
neigiamo pasélio). Skrepliy konversijos vertinimg po pirmojo TB gydymo
ménesio renkasi ir kai kurie kiti tyrimy autoriai [95, 296, 297]. Sie tyrimai kol
kas atlikti tik su DVA-TB pacientais.

Kaip pateikta rezultatuose, svarbiausi veiksniai galintys padéti progno-
zuoti konversijg po pirmojo TB gydymo ménesio yra RAB kiekis rastas mi-
kroskopuojant skreplius ir kriitinés Igstos rentgenogramos skalés balai pries
pradedant TB gydyma.

Jau anksciau zZinoma, kad pacientai, kuriems kriitinés 1gstos rentgenogra-
moje nustatoma kavitacija turi didesnj TM kiekj plauciuose, jiems greiciau
nustatomas TM augimas skrepiy paséliuose [298] ir véliau nustatoma skre-
pliy pasélio konversija [18, 260]. Tai aiSkinama ir tuo, kad farmakokineti-
niuose tyrimuose nustatyta, jog prieStuberkulioziniai vaistai suboptimaliai
penetruoja i kavernas [299], kuriose paprastai ir nustatoma didziausia TB mi-
kobakterijy koncentracija. Miisy tyrimo atlikimo metu pavyko rasti tik vieng
validuotg krutinés lastos rentgenogramos skale skirta TB gydymo monitora-
vimui [287], kaip aprasSyta tyrimy metoduose. Kai kuriy kity autoriy tyrimuo-
se rentgenogramos jvertinimos paprastesniais metodais, pavyzdziui vien tik
nustatant kavitacijos buvimg ar nebuvimg [300]. Lietuvoje vis dar naudoja-
ma rentgenologiné plauc¢iy TB klasifikacija (zidiningé, infiltraciné, fibroziné
kavernin¢, diseminaciné) [301], kuri pateikiama ir formuluojant TB diagno-
ze. Taciau néra jrodyta, kad Sios rentgenologinés formos kaip nors jtakoty
paciento prognoze ar galéty turéti jtakos gydymo pasirinkimui. Neradome
duomeny, kad $i radiologin¢ klasifikacija buty plac¢iau naudojama kitose Saly-
se. Manome, kad buty naudingiau rentgenologiniam TB iSplitimo vertinimui
naudoti kitas, tyrimais patvirtintas metodikas. Misy tyrime naudota Ralph et
al. skale, vertinanti kavitacijg ir TB i$plitima, kity tyréjy duomenimis, buvo
reik§mingai susijusi su pradiniu mikobakterijy kiekiu skrepliy mikroskopijo-
je [287]. Miisy duomenys antrina anks¢iau atliktiems tyrimams: kuo didesnis
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skalés baly skaicius ir tuo paciu — radiologinis ligos iSplitimas, tuo didesné
ir konversijos nejvykimo tikimybé¢ [279]. Kituose tyrimuose vertinta ir $ios
skalés sgsaja su kitais pacienty pozymiais: nustatyta, kad pacientai, kuriems
buvo nustatyta kavitacija kriitinés lastos rentgenogramoje, turéjo mazesng al-
bumino koncentracija kraujyje [279], taciau pradinis TM kiekis skrepliuose,
etniné paciento grup¢, infekuotumas 71V, cukrinio diabeto buvimas, amZius,
lytis, simptomy iSreikStumas radiologiniy pokyc¢iy iSreikStumui jtakos neturé-
jo [279]. Manome, kad Ralph et al. siiloma skalé galéty pasitarnauti klininéje
praktikoje, vertinant TB iSplitimg plauc¢iuose ir monitoruojant gydymo efek-
tyvuma, taciau jos naudojimas gali biiti apsunkintas kai pacientas kartu turi
gretutiniy plauciy ligy, sukelian¢iy papildomy radiologiniy poky¢iy.

Antrasis svarbus veiksnys galintis padéti prognozuoti skrepliy pasélio
konversijg nustatytas miisy tyrime buvo RAB kiekis skrepliy mikroskopijoje
prie§ pradedant TB gydyma. Miisy tyrime stebéta, kad skrepliy mikrosko-
pijoje nustacius 2+ ar 3+ RAB, konversijos nejvykimo rizika did¢jo 13 kar-
ty. Panasius rezultatus, vertinant RAB kiekio skrepliuose gydymo pradzioje
itaka skrepliy pas¢lio konversijai, gavo ir kiti tyréjai: pavyzdziui, Eliene D
Mesquita et al. [302] tyrimo metu rasta stipri sgsaja tarp didesnio bakterijy
kiekio skrepliuose prie§ gydyma ir teigiamo pasélio SeSiasdeSimtg gydymo
diena.

Lietuvos TB registro duomenimis, 2020 metais, tarp visy TB serganciy
pacienty, 65,3 proc. buvo riikkantys [51]. Zinoma, kad tabako riikymas yra
svarbus TB rizikos veiksnys [260, 303]. Kai kuriuose tyrimuose jis buvo su-
sietas su pertekliniu sisteminiu uzdegiminiu atsaku, sunkesne TB eiga ir mir-
timi [256-258], kavitacija, teigiama skrepliy mikroskopija ir paséliu, létes-
ne mikroskopine ir pasélio konversija pradéjus TB gydyma [260, 303, 233].
Miisy tyrimo metu taip pat [304] nustatéme, kad pacientai riikke daugiau kaip
20 pakmeciy turéjo didesn¢ rizika nepatirti skrepliy pasélio konversijos po
pirmo gydymo meénesio. Kity autoriy duomenimis, po to kai Zmogus meta
rukyti, mirties nuo TB rizika zenkliai sumaz¢ja todel galima teigti, kad ruky-
mo metimas — svarbus veiksnys mazinantis su TB susijusj mirtinguma [255,
264].

Kiti tirti veiksniai nebuvo tokie svarbiis konversijos prognozavimui ir, miisy
tyrimo duomenimis, neturéjo statistiSkai reikSmingos jtakos skrepliy pasélio
konversijai po pirmojo TB gydymo ménesio. Lietuvos TB registro duome-
nimis, 2020 metais, tarp visy TB serganciy pacienty 27,8 proc. piktnaudzia-
vo alkoholiu [51]. Yra aprasyta, kad alkoholis veikia slopindamas bakterici-
ding makrofagy funkcijg [305], mazina dendritiniy lgsteliy [ 139] ir neutrofily
kiekj [252] organizme, moduliuoja T limfocity funkcija [139], keicia priestu-
berkulioziniy vaisty absorbcija virSkinamgjame trakte [254]. Alkoholio var-
tojimo jtakos konversijos jvykimui nenustatéme tarp jautrios vaistams TB
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pacienty, taciau alkoholio vartojimo iprociy jtaka skrepliy pasélio konversijai
stebéta tarp DVA-TB pacienty. Kity tyréjy duomenimis, pacientams, gausiai
vartojantiems alkoholj, nustatoma létesné pasélio konversija [249], didesne
gydymo nesekmés ir mirties tikimybeé [244, 249, 306]. Manoma, kad tai su-
sij¢ ir su tuo, kad alkoholj vartojantys pacientai yra labiau linke nesilaikyti
TB gydymo rezimo [250], taciau misy tyrimo pacientai pirmuosius gydy-
mo ménesius praleido ligoningje, esant uztikrintam DOTS gydymui, todél §i
priezastis negaléty pilnai paaiskinti alkoholio vartojimo jtakos miisy pacienty
skrepliy pasélio konversijai.

Kai kuriy autoriy duomenimis, mazas KMI yra susij¢s su blogesne ligos
prognoze [280, 281]. Didesnis kaip 10 proc. kiino svorio netekimas laikomas
predisponuojanciu veiksniu TB i$sivystymui [275]. Mazas KMI siejamas ir
su mazesne interferono gama koncentracija kraujyje ir, tuo paciu, su mazes-
ne apsauga nuo TB reaktyvacijos [277]. Nustatyta, kad TB pacientai su per
mazu KMI turéjo labiausiai radiologiSkai iSplitusig plauciy TB, jiems ilgiau
uztruko pasélio konversija ir buvo didesné¢ gydymo nesékmés ar mirties ti-
kimybe [278, 279, 307]. TB pacientams sumazgjes apetitas, makro ir mikro
nutrienty malabsorbcija ir pakitgs metabolizmas prisideda prie kacheksijos
vystymosi [276]. Visgi, ne visi tyrimai patvirtina, kad mazas KMI turi jtakos
TB gydymo iSeitims [308]. Tarp miisy tirty pacienty nesteb&jome statistiskai
reikSmingo KMI skirtumo tarp konversijos grupiy. Atkreiptinas démesys ir |
tai, kad dauguma pasaulyje atlikty tyrimy vertina KMI ir TB gydymo iSeiciy
ry$], o ne skrepliy pasélio konversijg. Pavyko rasti tik vieng tyrimg, kuriame
skrepliy konversijos jvykimas siejamas su KMI, tadiau tuo atveju tirta tik
DVA-TB pacienty populiacija [19], o kaip stebima ir miisy tyrime — ne vi-
suomet skrepliy konversija veikiantys veiksniai vienodi skirtingo atsparumo
vaistams grupése.

Tiriant mitybos nepakankamuma TB pacientams, kitas daZznai pasiren-
kamas rodiklis yra albumino koncentracija kraujyje. Aprasoma, kad pacien-
tams, kuriems naujai nustatoma plauciy TB, dazniau nustatomas sumazg¢jes
albumino kiekis kraujyje, lyginant su sveikais Zzmonémis [282]. Citokinai,
cirkuliuojantys infekcijos metu, gali supresuoti albumino sinteze ir sumazinti
albumino kiekj kraujyje, taciau svarbu jvertinti, kad albumino koncentracija
kraujyje gali biiti sumazéjusi ir dél mitybos nepakankamumo, todél nustatyti
albumino jtakg TB iSeitims neatsizvelgiant | KMI ir infekcijos aktyvuma gali
buti sudétinga [22]. Publikuotuose straipsniuose nurodoma, kad per Zema al-
bumino koncentracija kraujo serume TB pacientams susieta su didesniu mir-
tingumu ligoningje [283]. Pacientai, kuriems nustatyta hipoalbuminemija,
taip pat buvo labiau linke patirti TB gydymo nes¢kme [278, 279]. Hipoalbu-
minemija kai kuriy autoriy vertinama kaip vienas i§ veiksniy, salygojanciy
sunkesng TB ligos eiga [279]. Miisy tyrime albumino koncentracija tarp kon-
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versijos grupiy statistiSkai reikSmingai nesiskyré, nors jvykusios konversijos
grupése stebétos nezenkliai didesnés albumino koncentracijos bei mazesné
pacienty su hipoalbuminemija dalis.

Dar vienas biocheminis tyrimas kai kur atliekamas vertinant TB gydymo
efektyvumg yra vitamino D koncentracija kraujyje. Seniai zinoma, kad vita-
mino D koncentracija priklauso nuo geografinio regiono [309]: tiriant TB pa-
cientus Malaizijoje, vitamino D trilkumas buvo nustatytas labai mazai daliai
pacienty [310], tuo tarpu miisy tyrime optimalus vitamino D kiekis nustatytas
tik keturiems 1§ visy tirty pacienty. Vis tik pacientams sergantiems TB, daz-
niau nei bendroje populiacijoje, nustatomas vitamino D deficitas [270]. Apra-
Soma, kad TB metu kinta vitamino D metabolizmas [271]. Pasaulyje vis dar
iSlieka diskusinis klausimas ar tikslinga TB pacientams tirti vitamino D kon-
centracijg. Nusprendus, kad tirti vitamino D koncentracijg tikslinga ir nusta-
¢ius Sio vitamino trilkuma, tuomet reikéty skirti gydyma vitaminu D, taciau
nepaisant aprasyty imunomoduliaciniy vitamino D sgvybiy [311], istorinés
vitamino D reik§més TB gydyme, skiriant vitamino D papildus pacientams
sergantiems TB ne visada stebimas teigiamas efektas [312]. Papildomai prie
prieStuberkuliozinio gydymo skiriant vitaming D, net ir koregavus jo deficita,
nepastebéta, kad bendros populiacijos pacientams skrepliy pasélio konversija
buty jvykusi greiciau [312, 313]. Vis tik, jei pacientai biity atrinkti pagal Tag!/
vitamino D receptoriaus tt genotipg, vitamino D papildai Zenkliai sutrumpino
laikg iki skrepliy pasélio konversijos [314]. Taip pat apraSyta, kad Siai pa-
cienty grupei vitamino D koncentracija buvo reikSmingai mazesn¢ esant
DVA-TB [315]. Tarp miisy tirty pacienty vitamino D koncentracijos skirtumy
tarp DVA-TB ir jautrios vaistams TB pacienty nepastebéta (p — 0,132). Siuo
metu dazniau laikomasi nuomonés, kad normali vitamino D koncentracija
sergant TB gali turéti kity privalumy: pavyzdziui, nustatyta, kad pacientai,
turéje didesne vitamino D koncentracijg kraujo plazmoje, grei¢iau priaugo
svorio TB gydymo metu [310].

Iki Siol neradome tyrimy vertinanc¢iy TB pacienty gyvenimo kokybés klau-
simynus ir jy s3saja su paselio konversija, ta¢iau aprasoma, kad TB simptomy
buvimas diagnozés nustatymo metu susij¢ su didesniu TB isSplitimu [316].
IStyrus miisy pacientus stebéta, kad statiskai reikSmingai didesni SGRQ jver-
¢iai (blogesné gyvenimo kokybé) nustatyti pacientams kuriems skrepliy pasé-
lio konversija nejvyko (iSskyrus DVA-TB grupe), nors, remiantis logistine re-
gresija, §is pozymis turéjo jtakos pasélio konversijos jvykimui tik jautrios TB
grup¢je. Gyvenimo kokybe, suprantama, gali jtakoti ne tik pacientui nustatyta
TB, bet ir kiti jo/jos gyvenimo aspektai. Vis tik, miisy tyrimo atveju, galima
biity daryti prielaida, kad bloga gyvenimo kokybé¢ gal¢jo biti labiau susijusi
su i$plitusia TB liga nei kitais paciento gyvenimo kokybés aspektais, kadangi
atskirai jvertinus pacientus, kurie surinko didziausig SGRQ klausimyno baly
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skai¢iy, daugumai jy kartu nustatyta ir didelis bakterijy kiekis mikroskopijoje
ir/arba radiologinis ligos iSplitimas.

Kadangi gyvenimo kokybe jtakoja ne tik paciento ligos simptomai ir pro-
gnoze, bet ir kiti socialiniai veiksniai, nutaréme jvertinti ir kity socialiniy
veiksniy jtaka skrepliy paselio konversijai. Tyrimy, kuriy metu vertinta so-
cialiniy veiksniy (iSskyrus amziy ir lytj) jtaka skrepliy pasélio konversijai
radome labai nedaug. 1994-1995 metais JAV atliktame tyrime nurodoma,
kad tokie socialiniai veiksniai kaip buvimas be gyvenamosios vietos, injek-
ciniy narkotiky vartojimas netur¢jo jtakos skrepliy pasélio konversijai [317].
Kinijoje 2020 metais atliktame tyrime su DVA-TB pacientais tirta jvairiy so-
cialiniy veiksniy jtaka (pacienty darbo pobudis, gyvenamoji vieta (miestas,
kaimas) etniné grupé, lytis), taciau Siy veiksniy jtakos skrepliy pasélio kon-
versijai nerasta [318]. Vertinant paciento lyties jtakg skrepliy pasélio kon-
versijai, kai kuriy tyrimy duomenimis, vyriskos lyties pacientams konversija
ivyksta lé¢iau nei moteriskos [233, 319, 320], taciau kiti autoriai, kaip ir mes,
lyties jtakos skrepliy pasélio konversijai nerado [317]. Ivairiy tyréjy duome-
nimis, su skrepliy paselio konversijos jvykimu, taip pat gali biiti susij¢s paci-
ento amzius. Autoriai teigia, kad vyresnis amzius susijes su létesne skrepliy
pasélio konversija [233, 321], taCiau tarp miisy tirty pacienty amziaus jtakos
konversijai nestebeéta.

Apskritai, vertinant miisy tyrime tirtus veiksnius, svarbu atkreipti déme-
si, kad tyrimas atliktas ligoninéje, kur vykdomas tiesiogiai stebimas kontro-
livojamas gydymas, kas gali turéti reikSme vertinant apraSyty veiksniy jtaka
skrepliy pasélio konversijai. Kaip pavyzd] pateikiant alkoholio vartojimg —
ligoninéje gydomas pacientas turi gerokai maziau galimybiy testi alkoho-
lio vartojima, taip pat nesuvartoti skiriamy vaisty. Galima daryti prielaida,
kad gydant stacionare, kai uztikrinamas DOTS, socialiniy veiksniy jtaka su-
menksta.

Vienas 1§ miisy tyrimo trikumy yra tai, kad ne visiems DVA-TB grupés
pacientams tinkamas gydymas pagal galiojanc¢ias DVA-TB gydymo rekomen-
dacijas buvo pradétas i§ karto. Vietoj DVA-TB gydymo Sie pacientai gavo
Jprasta jautrios vaistams TB gydyma. Tai nutiko dél to, kad tyrimo atlikimo
metu LSMUL KK dar nenaudoti genotipiniai TB diagnostikos metodai, todél
atsparumas vaistams buvo nustatomas fenotipiniais TB diagnostikos meto-
dais, kas prailgino DVA-TB nustatymo ir tinkamo gydymo paskyrimo laika.

3.4. Uzdegimo Zymeny gydant jautrig ir atsparig vaistams tuberkulioze
sasajos su skrepliy pasélio konversija

Siam uzdaviniui naudoti visi iki tyrimo pabaigos jtraukti pacientai. Pa-
cienty, kuriems nustatyta vaistams jautri TB buvo 62, kitose grupése pa-
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cienty skaiCius nesiskyré nuo tirty pirmiesiems uzdaviniams (skyrius 3.3).
Cia siekéme jvertinti ar CRB, sSICAM-1, suPAR koncentracijos i§matuotos
prie§ pradedant gydyma turi sgsaja su skrepliy pasélio konversija. Vertinta
skrepliy paselio konversija po 1 ir po 5 gydymo ménesiy.

Skrepliy pasé¢lio konversija bendroje TB grupéje, neskirstant pacienty pa-
gal nustatyta atsparuma vaistams nuo TB, po pirmojo gydymo ménesio jvyko
41 pacientui, 56 pacientams nejvyko, duomeny apie 10 pacienty skrepliy pa-
s¢lio konversijg néra (gydymas nutrauktas, mirtis, netinkama medziaga pasé-
liui ar kitos priezastys). Po 5 ménesiy konversija nejvyko 2 pacientams, abu
jie priklaus¢ DVA-TB grupei; 29 pacientams duomeny apie skrepliy paselio
konversijg po 5 gydymo ménesiy néra (gydymas nutrauktas, paciento mirtis,
netinkama medziaga paséliui ar kitos priezastys).

Konversijos jvykimo/nejvykimo po pirmojo gydymo ménesio pasiskirsty-
mas atskirose TB grupése pagal atsparuma vaistams parodytas 3.4.1 lenteléje.

3.4.1 lentelé. Skrepliy pasélio konversija po pirmojo gydymo ménesio tuber-
kuliozés grupése pagal atsparumg vaistams

TB grupé Konversija jvyko Konversija nejvyko
Jautri vaistams TB 23 (40,4 proc.) 34 (59,6 proc.)
Mono-/poli- vaistams atspari TB 7 (58,3 proc.) 5 (41,7 proc.)
DVA -TB 11 (39,3 proc.) 17 (60,7 proc.)

TB — tuberkuliozé; DVA-TB — daugeliui vaisty atspari tuberkuliozé.

Uzdegiminiy Zymeny koncentracijy skirtumai po pirmojo meénesio jvy-
kusios ir nejvykusios skrepliy pasélio konversijos grupése pateikiami 3.4.2;
3.4.3 ir 3.4.4 lentelése.

3.4.2 lentelé. Pradinés C reaktyviojo baltymo koncentracijos jvykusios ir ne-
jvykusios skrepliy pasélio konversijos grupése

CRB koncentracija CRB koncentracija p
prie§ gydyma (mg/ml) | prie§ gydyma (mg/ml) | (Mann-
ivykusios konversijos | nejvykusios konversijos | Whitney

grupéje, mediana [IQR] | grupéje, mediana [IQR] | U testas)
Jautri vaistams TB 7,92 [2,45-50,96] 41,33 [18,45-118,16] 0,008
Mono-/poli- vaistams 10,82 [1-27,34] 35,13 [13,41-156,6] 0,149
atspari TB
DVA-TB 4,84 [1,67-12,97] 11,63 [3,69-39,64] 0,675
Visi TB atvejai bendrai 7,85 [2,16-26,73] 33,24 [10,88-94,55] 0,02

IQR — interkvartilinis plotis; DVA-TB — daugeliui vaisty atspari; CRB — C reaktyvusis bal-

tymas.
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3.4.3 lentelé. Pradines tirpiy tarplgstelinés adhezijos molekuliy-1 koncentra-
cijos jvykusios ir nejvykusios skrepliy pasélio konversijos grupése

sICAM-1 koncentracija | SICAM-1 koncentracija p
pries gydyma (mg/ml) | pries gydymg (mg/ml) | (Mann-
ivykusios konversijos | nejvykusios konversijos | Whitney

grupéje, mediana [IQR] | grupéje, mediana [IQR] | U testas)

Jautri vaistams TB 57,77 [51,56-101,12] 56,8 [13,1-64,905] 0,196
Mono-/poli- vaistams 86,18 [62,0725-101,12] 57,1 [56,44-101,12] 1,0
atspari TB

DVA-TB 70,37 [30,055-94,4625] 101,12 [43,49-101,12] 0,414
Visi TB atvejai bendrai 64,27 [44,48-101,12] 64,905 [56,5-101,12] 0,295

IQR — interkvartilinis plotis; DVA-TB — daugeliui vaisty atspari tuberkuliozé; sSICAM-1 —
tirpios tarplastelinés adhezijos molekulés.

3.4.4 lentelé. Pradinés tirpiy urokinazeés tipo plazminogeno aktyvatoriaus re-
ceptoriy koncentracijos jvykusios ir nejvykusios skrepliy pasélio konversijos
grupése

suPAR koncentracija pries | suPAR koncentracija pries§ p

gydyma (mg/ml) ivykusios | gydyma (mg/ml) nejvyku- | (Mann-

konversijos grupéje, medi- | sios konversijos grupéje, | Whitney

ana [IQR] mediana [IQR] U testas)

Jautri vaistams TB | 1894,69 [1648,58-2621,05] | 2443,51 [1875,15-4555,31] | 0,073
Mono-/poli- vais- |2205,055 [1647,68-4087,07]| 3011,87 [2375,07-4986,49] | 0,429
tams atspari TB
DVA-TB 1676,6 [1254,25-1849,87] | 2144,33 [1875,15-2616,58] | 0,078
Visi TB atvejai 1875,15 [1507,27-2540,32] (2355,435 [1875,15-3158,41]| 0,025
bendrai

IQR — interkvartilinis plotis; DVA-TB — daugeliui vaisty atspari tuberkulioze; suPAR — tirplis
urokinazés tipo plazminogeno aktyvatoriaus receptoriai.

Kaip matoma 3.4.2 lenteléje, ivykusios ir nejvykusios konversijos grupé-
se, CRB reikSmés tarp jautrios TB ir bendros TB grupés pacienty skyrési sta-
tististiskai reik§mingai. Siose grupése apskaiGiuota, kad kai prie§ pradedant
TB gydyma buvo nustatyta normali CRB koncentracija, konversija jvyko
dazniau (p<0,05). Didesni CRB jverciai stebéti kai konversija nejvyko.

Pries pradedant TB gydyma, suPAR koncentracijos bendroje TB grupé¢je
nustatytos statistiSkai reikSmingai didesnés tiems pacientams, kuriems skre-
pliy pasélio konversija po pirmojo gydymo ménesio nejvyko (3.4.4 lentele).
SICAM-1 koncentracijos tarp visy TB grupiy pacienty ir skirtingos konversi-
jos iSei¢iy grupiy statistiSkai reikSmingai nesiskyré (3.4.3 lentelé).

D¢l salyginai mazy grupiy iSskirs€¢ius TB pagal atsparuma, tolesniems
statistiniams skai¢iavimams naudotos tik jautrios vaistams TB ir bendra TB
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grupé. Atliekant dvireikSmés logistinés regresijos analizg ir jautrios vaistams
TB grupgje, ir bendroje TB grupéje, nustatyta, kad nei CRB, nei sSICAM-1,
nei suPAR koncentracijy kiekybiniai jver¢iai prie§ pradedant gydyma nuo
TB, neturéjo statistiSkai reikSmingos sasajos su skrepliy paselio konversija
po pirmojo ir po penktojo TB gydymo ménesio. Taip pat nebuvo statistiSkai
patikimo skirtumo tarp suPAR ir SICAM-1 padid¢jimo fakto bendroje TB
grupéje pries pradedant gydyma ir konversijos jvykimo (statistinéje analizéje
suskirs¢ius pacientus j dvi grupes: tiems kuriems nustatytas suPAR/sICAM-1
padidéjimas, ir tiems, kam Sie rodikliai nustatyti normos ribose).

3.4.1. Rezultaty aptarimas

CRB - turbiit vienas i§ daugiausiai tyrinéty uzdegiminiy Zymeny esant
aktyviai plauciy TB. Aukstos CRB vertés siejamos su labiau isreiksta kavita-
cija plauciuose ir plauciy funkcijos sutrikimu [322, 323]. CRB koncentracija
linkusi mazéti TB gydymo metu [324], o Sios koncentracijos nemazéjimas po
2 gydymo savaiciy susijes su blogesne TB prognoze [191]. Vis tik remiantis
kitais ank$c¢iau atliktais tyrimais, CRB reik§mé prognozuojant skrepliy pase-
lio konversijg yra diskutuotina. Vieny autoriy duomenimis, aukstos CRB ver-
tes gali biiti susije su velyvesne skrepliy pasélio konversija [325, 326], taciau
kiti autoriai tokio rySio nepastebi [260]. Miisy atlikto tyrimo metu nustatyta,
kad nors jvykusios/nejvykusios skrepliy pasélio konversijos grupése stebétas
reikSmingas skirtumas tarp CRB koncentracijy, CRB nebuvo naudingas pro-
gnozuojant skrepliy pasélio konversijg.

CRB néra specifiskas uzdegiminis biozymuo, ir kadangi pats vienas CRB
turi zemga prognosting verte [327], kai kuriy autoriy TB atveju siiiloma nau-
doti ne vieng biozymenj o jy rinkinius [8, 37]. D¢l Sios priezasties, kartu su
CRB pasirinkome vertinti ir du kitus bioZymenis — sSICAM-1 ir suPAR. Kaip
jau minéta literatiiros apzvalgos skiltyje, ir suPAR, ir SICAM-1 laikomi po-
tencialiais TB bioZymenimis ir yra susieti su TB i$plitimu, ligos sunkumu bei
prognoze [178, 179].

Kity autoriy duomenimis sSICAM-1 koncentracijos nustatomos padidéje
esant TB [328] ir nustatomos didesnés esant labiau iSplitusiai TB [109]. Sia-
waya et al [325] tyrime nustatyta, kad sSICAM-1 koncentracijos reikSmingai
nekito iki tryliktos TB gydymo savaités, tuo tarpu Demir et al [33] tyrimo
metu nustatyta, kad po 1 ménesio TB gydymo sICAM-1 koncentracija reiks-
mingai sumaz¢jo. Nustatyti statistiSkai reikSmingi SICAM-1 koncentracijos
skirtumai tarp TB ir kity plauciy ligy (pneumonijos, bronchektaziy, plauciy
vézio) [33]. Reikalinga atkreipti démesj, kad ir anksciau atliktuose tyrimuose,
nagrin¢janciuose SICAM-1 reikSme¢ TB gydymo monitoravime, ir miisy tyri-
me naudotos salyginai mazos tiriamyjy grupes.
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Ivairiy autoriy duomenys leisty teigti, kad suPAR TB gydyme gali turéti
savo verte: V. Indumati et al. [185] tyrimo metu nustatyta, kad suPAR koncen-
tracija reikSmingai sumaZzéjo po dviejy TB gydymo ménesiy, o Paulo Rabna
et al. [184] tyrimo metu pademonstruota, kad didesnés suPAR koncentracijos
prie§ pradedant TB gydymga susij¢ su didesne mirties nuo TB tikimybe. H.
Schulman et al. [35] tyrime parodyta, kad TB aktyvumas koreliuoja su suPAR
koncentracija kraujyje. Vis tik, tiriant TB sergancius vaikus, suPAR koncen-
tracijos kitimo po dviejy TB gydymo ménesiy nebuvo rasta [187]. PrieStarin-
gi rezultatai vertinant suPAR biozymens nauda TB atveju taip pat tikriausiai
gali biiti dél mazy tiriamyjy grupiy.

Nepavyko rasti nei vieno publikuoto tyrimo, kurio metu biity vertinta su-
PAR ar sSICAM-1 jtaka skrepliy pasélio konversijai esant TB, todél negalime
detaliau palyginti miisy gauty rezultaty su kity autoriy duomenimis.

3.5. T limfocity populiacijy sasajos su tuberkuliozés gydymo iSeitimis ir
tuberkuliozés sukelta plauciy destrukcija

3.5.1. T limfocity populiacijos ir tuberkuliozés gydymo iSeitys

Gydymo iSeitys vertintos atskirai jautrios TB grupé¢je (siekiant kad rezulta-
ty neiskreipty skirtingas gydymas) ir bendrai tarp visy TB pacienty. Atskirai
nevertintos mono-/poli- vaistams atsparios ir DVA-TB grupés dél per mazo
tiriamyjy skai¢iaus. Siam uzdaviniui naudotos tik pradinés (prie§ gydyma i3-
matuotos) T limfocity populiacijy reikSmés.

Pradiniai T limfocity populiacijy dydziai pateikiami 3.5.1.1 lentel¢je.

3.5.1.1 lentelé. Pradiniai T limfocity populiacijy dydziai, pacientams, ku-
riems nustatyta jautri vaistams plauciy tuberkuliozé ir bendroje tuberkuliozés

grupéje

Li o s . . Jautrios vaistams Bendroje tuberkuliozés
imfocitai ir T limfocity Lo . .

.. tuberkuliozés gru- | grupéje (neskirstant pagal

populiacijos péje, mediana [IQR] | atsparumg), mediana [IQR]

Bendras limfocity kiekis (N) x10%1 1,53 [1,14-2,15] 1,61 [1,24-2,22]
Bendras limfocity kiekis (proc.) 19,85 [12,95-26,6] 21,4 [13,6-28]
CD3+ (x10%/1) 0,99 [0,59-1,50] 1,07 [0,72-1,55]
CD3+ (proc.) 66,55 [52,4-71,52] 68,2 [56,2-73,1]
CD4+ (x10°/1) 0,64 [0,33-0,85] 0,68 [0,43-0,9]
CD4+ (proc.) 63,0 [53,27-70,6] 63 [56,8-70,1]
CD8+ (x10%/1) 0,34 [0,21-0,55] 0,41[0,25-0,55]
CD8+(proc.) 35,25 [29,03-43,15] 34,6 [29,3-42,8]
CD4/CD8 1,79 [1,21-2,45] 1,8[1,34-2,39]
CD4+/CD45RA+/CD27- (x10°/1) 0,004 [0,002-0,02] 0,006 [0,001-0,02]
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3.5.1.1 lentelés tesinys

Limfocitai ir T limfocity
populiacijos

Jautrios vaistams
tuberkuliozés gru-
péje, mediana [IQR]

Bendroje tuberkuliozés
grupéje (neskirstant pagal
atsparumg), mediana [IQR]

CD4+/CD45RA+/CD27- (proc.)

0,7 [0,07-3.4]

110,2-3.2]

CD4+/CD45RA+/CD27+ (x10°/1)

0,2 10,11-0,37]

0,2510,13-0,37]

CD4+/CD45RA+/CD27+ (proc.)

40,65 [30,55-54,9]

38,9 [25,7-51,4]

CD4+/CD45RA-/CD27- (x10°/1)

0,06 [0,03-0,1]

0,07 [0,04-0,12]

CD4+/CD45RA-/CD27- (proc.)

11,2 [7,07-16,9]

12,3 [7,3-18,1]

CD4+/CDRA-/CD27+ (x10°/1)

0,29 [0,14-0,4]

0,29 [0,16-0,42]

CD4+/CD45RA-/CD27+ (proc.)

41,6 [35,73-51,05]

41,8 [36-51,5]

CD8+/CD45RA+/CD27- (x10°/1)

0,07 [0,02-0,15]

0,09 [0,02-0,16]

CD8+/CD45RA+/CD27- (proc.)

23,0 [13,25-44,35]

22,7[13,1-43,8]

CD8+/CD45RA+/CD27+ (x10°/1)

0,09 [0,04-0,15]

0,11[0,05-0,17]

CD8+/CD45RA+/CD27+ (proc.)

23,7 [14,7-38,95]

24,2 [16-40,6]

CD8+/CD45RA-/CD27- (x10°/1)

0,06 [0,03-0,11]

0,06 [0,03-0,11]

CD8+/CD45RA-/CD27- (proc.)

15,3 [10,18-26,15]

15,3 [9,8-25]

CD8+/CD45RA-/CD27+ (x10°/1)

0,08 [0,04-0,12]

0,09 [0,05-0,13]

CD8+/CD45RA-/CD27+ (proc.)

22,15 [13,48-30,75]

23,4[14-32]

CD8+/CD38- (x107/1)

0,27 [0,17-0,5]

0,33 [0,19-0,49]

CD8+/CD38- (proc.)

83,35 [70,45-90,57]

84,4 [72,4-90,3]

CD8+/CD38+ (x10°/1)

0,05 [0,02-0,1]

0,06 [0,03-0,09]

CD8+/CD38+ (proc.)

16,65 [9,42-29,55]

15,6 [9,7-27,6]

IQR — interkvartilinis plotis.

Jautrios vaistams TB grupéje s¢kminga gydymo iSeitis (pasveikimas) nu-
statyta 53 pacientams, nes¢kminga — 9 (gydymo nutraukimas (4) ar mirtis
cienty rasti statistiSkai reikSmingi, véliau iSvardinty, prie§ TB gydyma tirty,
limfocity populiacijy skirtumai. ReikSmingai skyrési bendras limfocity kiekis
tarp skirtingy gydymo iSei¢iy grupiy. Didesnis limfocity kiekis stebétas pa-
cientams, kuriy gydymo iSeitis buvo sekminga (p = 0,001). Taip pat nustaty-
ta, kad nes¢kmingos gydymo iSeities pacienty grup¢je statistiSkai reikSmin-
gai mazesnés buvo Sios T limfocity populiacijos: CD3+ (p < 0,001); CD4+
(p=0,001); CD8+ (p <0,001); CD4+/CD45RA+/CD27+ (p = 0,021); CD4+/
CD45RA-/CD27+ (p <0,001); CD8+/CD45RA+/CD27- (p <0,001); CD8+/
CD45RA+/CD27+ (p < 0,001); CD8+/CD45RA-/CD27+ (p = 0,032); ir
CD8+/CD38- (p < 0,001). Lyginant procenting T limfocity populiacijy dalj
tarp visy limfocity, pastebéta, kad procentine CD4+/CD45RA-/CD27+
(p<0,001), CD8+/CD45RA-/CD27+ (p=0,032), ir CD8+/CD38- (p <0,001)
dalis buvo mazesné nes¢kmingos gydymo iseities pacienty grupéje. Vis tik at-
liekant logisting regresing analiz¢ nebuvo stebéta, kad kuri nors T limfocity
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populiacija turéty statistiSkai reikSmingg jtaka jautrios vaistams TB gydymo
iSeiciai.
Vertinant TB bendrai ir neskirstant pagal atsparuma vaistams, skirtingy

.....

zesneje tirty T limfocity populiacijy dalyje (zr. 3.5.1.2 lentelg).

3.5.1.2 lentelé. T limfocity populiacijy skirtumai tarp sékmingos ir nesékmin-
gos gydymo iSeities pacienty bendroje tuberkuliozés grupéje. Pateikiamos tik

tos populiacijos, kurios reiksmingai skyrési gydymo iSeiciy grupése

Limfocity populiacija

Sékminga gydymo iSei-
tis, mediana [IQR]
N =286

Nesékminga gydymo
iSeitis, mediana [IQR]
N=13

CD8+/CD45RA+/CD27+ (proc.)

26,5 [16,45-42,55]

17,1 [13,15-24,95]

CD8+/CD45RA+/CD27+ (x10°/1)

0,11 [0,05-0,17]

0,04 [0,013-0,10]

CD4+/CD45RA+/CD27- (proc.)

0,85 [0,2-2,75]

2,0[0,7-12,1]

CD8+/CD45RA-/CD27+ (x10%/1)

23,85 [15,05-32,77]

13,7 [5,65-28,05]

CD8+/CD38- (proc.)

84,9 [73,0-90,57]

75,3 [43,8-84,3]

CD8+/CD38+ (proc.)

15,1 [9,42-27,0]

27,7[15,7-56,2]

3.5.2. T limfocity populiacijos ir skrepliy pasélio konversija

Skrepliy paselio konversija vertinta atskirai jautrios, mono-/poli- atspa-
rios TB ir DVA-TB grupéje ir bendrai tarp visy TB pacienty. Siam uzdavi-
niui naudotos tik pradinés (prie§ gydyma iSmatuotos) T limfocity populiacijy
reikSmes.

Jautrios vaistams TB grupé¢je reikSmingai skyrési bendras procentinis lim-
focity kiekis tarp skirtingy konversijos po pirmojo gydymo ménesio grupiy
(p = 0,023). ReikSmingi T limfocity populiacijy skirtumai tarp konversijos
grupiy pateikiami 3.5.2.1 lentel¢je.

3.5.2.1 lentelé. T limfocity populiacijy skirtumai tarp jautria plauciy TB ser-
ganciy pacienty grupés kai skrepliy pasélio konversija jvyko ir grupés kai
skrepliy pasélio konversija po pirmojo ménesio gydymo nejvyko. Pateikiamos
tik tos populiacijos, kurios reikSmingai skyrési

Ivykusios konversi- | Nejvykusios kon- p(ﬁlak;::e
Limfocity populiacija jos grupé, mediana Versijos grupé, Whitney
[IQR] mediana [IQR] U)
CD4+/CD45RA-/CD27- (proc.) 9,25[5,82-12,42] | 13,55[9,57-21,7] 0,006
CD8+/CD45RA-/CD27- (x10°/1) 0,056 [0,02-0,11] | 0,064 [0,04—0,12] 0,037
CD8+/CD45RA-/CD27- (proc.) 11,75 [6,35-19,75] |20,5[13,15-50,05]| 0,002
CD8+/CD45RA+/CD27+ (x10%1) | 1,31 [0,06-1,83] 0,07 [0,03-0,12] 0,011
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3.5.2.1 lentelés tesinys

Ivykusios konversi- | Nejvykusios kon- p(ﬁlak:::e
Limfocity populiacija jos grupé, mediana Vers§j0s grupé, Whitney
[IQR] mediana [IQR] U)
CD8+/CD45RA+/CD27+ (proc.) | 31,4[21,85-45,55] |19,7[12,92-28,72]| 0,016
CD8+/CD38- (proc.) 89,1 [79,15-95,12] |84,9[70,87-90,07]| 0,033
CD8+/CD38+ (proc.) 10,9 [4,87-20,85] | 15,1[9,92-29,12] 0,033

Mono-/poli- vaistams atsparios ir DVA-TB grupéje reikSmingy T limfoci-
ty populiacijy skirtumy tarp konversijos grupiy nerasta.

Vertinant TB bendrai ir neskirstant pagal atsparumg vaistams, stebéta, kad
reikSmingai skyrési bendras limfocity kiekis tarp skirtingy konversijos grupiy
(p = 0,007). Didesnis limfocity kiekis stebétas pacientams, kuriems skrepliy
pasélio konversija jvyko (mediana 1,93 [1,31-2,35]), nei tiems, kuriems kon-
versija nejvyko (mediana 1,6 [1,25-2,25]). ReikSmingi T limfocity populia-
cijy skirtumai tarp konversijos grupiy, neskirstant TB pagal atsparumg vais-
tams, pateikiami 3.5.2.2 lenteléje.

3.5.2.2 lentelé. T limfocity populiacijy skirtumai tarp plauciy TB serganciy
pacienty grupés kai skrepliy pasélio konversija jvyko ir grupés kai skrepliy
pasélio konversija po pirmojo ménesio gydymo nejvyko. Pateikiamos tik tos
populiacijos, kurios reiksmingai skyrési

Ivykusios konver- | Nejvykusios kon- p(;,e[g{ns::e
Limfocity populiacija sijos grupé, media- | versijos grupé, Whitne
na [IQR] mediana [IQR] v) Y

CD8+/CD45RA+/CD27+ (x10°%1) | 0,13[0,08-0,19] | 0,08 [0,04-0,14] | 0,036
CD8+/CD45RA-/CD27- (proc.) 11,75 [6,5-19,67] | 17,0[12,1-26,8] | 0,003

Atlikus dvireikSmés logistinés regresijos analize, rasta, kad ir bendroje,
ir jautrios vaistams TB grupéje skrepliy konversijai jtakos gali turéti CD8+/
CD45RA-/CD27- (proc.) populiacija ir bendras limfocity skai€ius (proc.)
(lentele 3.5.2.3). Jautrios vaistams TB grupéje taip pat stebéta kai kuriy po-
puliacijy jtaka konversijai. Teisinga iSei¢iy klasifikacija jautrios vaistams TB
grupéje 76,8 proc; bendroje TB grupéje 68,2 proc.
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3.5.2.3 lentelé. Dvireiksmes logistinés regresijos analizé jautrios vaistams ir
bendroje tuberkuliozés grupéje, vertinant kurios is tirty T-limfocity populia-
cijy reiksmingai jtakoja skrepliy pasélio konversijos nejvykimg po pirmojo
gvdymo meénesio. Pateikiamos tik tos populiacijos, kurios buvo statistiSkai
reiksmingos

Limfocity (sub) | Beta koe- | Standartinis p gansq 95 proc. pasikliau-
populiacija ficientas | nuokrypis | reikSmé | santykis | tinasis intervalas
Bendra TB grupé
Limfocity bendras | —0,069 0,027 0,009 0,933 0,885 0,983
skaicius (proc.)
CD8+/CD45RA-/ 0,074 0,028 0,007 1,077 1,020 1,136

CD27- (proc.)

Jautrios vaistams TB grupé

Limfocity bendras | —0,117 0,045 0,009 0,890 0,815 0,972
skaiéius (proc.)

CD8+/CD45RA-/ 0,075 0,036 0,035 1,078 1,005 1,156
CD27- (proc.)

CD4+/CD45RA-/ 0,153 0,064 0,017 1,165 1,028 1,321

CD27- (proc.)

Atlikus dvireikSmes logistinés regresijos analizg, Sias populiacijas (CD8+/
CD45RA-/CD27- (proc.); CD4+/CD45RA-/CD27- (proc.)) bei bendrg lim-
focity skai¢iy procentais padalinus per mediang bendroje TB grupé¢je, gauti
rezultatai pateikiami 3.5.2.4 lentelé¢je.

3.5.2.4 lentelé. Dvireiksmeés logistinés regresijos analizés rezultatai bendro-
je tuberkuliozés grupéje, vertinant CD8+/CD45RA-/CD27- (proc.); CD4+/
CD45RA-/CD27- (proc.) bei bendro limfocity skaiciaus (proc.) jtakq skrep-
liy pasélio konversijos jvykimui. Pateikiamos tik tos populiacijos, kurios buvo
statistiskai reikSmingos

. . . Beta koe- | Standartinis| p Sansy 95 proc. pa-
Limfocity grupé . . s A sikliautinasis
ficientas | nuokrypis | reikSmé | santykis .
intervalas
Limfocity bendras skai- 1,476 0,692 0,033 4,376 | 1,128 | 16,971

cius

(<21,45/>21,45 proc.)
CD8+/CD45RA-/CD27-| —1,178 0,480 0,014 0,308 | 0,120 | 0,789
(<15,3/>15,3 proc.)

Kaip matome lentel¢je 3.5.2.4, jei bendras limfocity skaicius, prie§ pra-
dedant gydyma virSijo 21,45 proc. tarp visy leukocity, konversijos jvykimo
tikimybé¢ padidéjo mazdaug 4 kartus. Jei CD8+/CD45RA-/CD27- pries pra-
dedant gydyma virsijo 15,3 proc. tarp visy T limfocity, skrepliy pasélio kon-
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versijos jvykimo tikimybé mazéjo mazdaug 3 kartus (RR 3,249, 95 proc. PI
1,267-8,326, p = 0,014).

CD4+/CD45RA-/CD27- populiacijos dydis tur¢jo itakos skrepliy pasélio
konversijai tik vaistams jautrios TB grupéje. Konversijos tikimybé sumazéjo
1,16 karto, jei CD4+/CD45RA-/CD27- populiacija prie§ pradedant tuberku-
liozés gydyma virsijo 12,6 proc. visy T limfocity.

3.5.3. T limfocity populiaciju ir tuberkuliozés sukeltos plauciy
destrukcijos sasajos

Siam uzdaviniui vertinti TB grupés neskirstytos pagal atsparuma vais-
tams (misy rezultatai tik su jautrios vaistams TB grupe pateikti straipsnyje
,,Is analysis of inflammatory biomarkers and lymphocyte populations useful
in prediction of tuberculosis treatment outcomes?*‘). Naudoti T limfocity po-
puliacijy bei kriitinés lastos rentgenogramos skalés jverciai prie§ pradedant
plau¢iy TB gydyma ir po 5 ménesiy TB gydymo.

Tikrinant duomeny pasiskirstymg pagal normaluma, kriitinés lastos rent-
genogramos skalés jverciai pasiskirste normaliai, ta¢iau dauguma T limfocity
populiacijy — nenormaliai, todé¢l Sio uzdavinio vertinimui pasirinktas Spear-
man koreliacijos koeficientas. 3.5.3.1 lentel¢je pateikiamos statistiSkai reiks-
mingos sasajos tarp pradiniy rentgeno skalés ir T limfocity populiacijy bei
bendro limfocity skaiciaus.

3.5.3.1 lentelé. Statistiskai reiksmingos sqgsajos tarp pradiniy rentgeno ska-
lés ir limfocity populiacijy dydzio bendroje tuberkuliozés grupéje neskirstant
pagal atsparumgq vaistams

. . - Sasaja su rentgeno skale s

Limfocity populiacija (Spearman koreliacijos koeficientas) P reiksme
Bendras limfocity skai¢ius (x10°/1) 0,355 0,001
Bendras limfocity skaicius (proc) —0,625 <0,001
CD3+ (x10°/1) —0,433 <0,001
CD3+ (proc.) —-0,404 <0,001
CD4+ (x10°/1) —0,419 <0,001
CD8+ (x10°/1) -0,411 <0,001
CD4+/CD45RA-/CD27+ (proc.) 0,265 0,018
CD4+/CD45RA-/CD27+ (x10°/1) 0,493 <0,001
CD4+/CD45RA-/CD27- (x10°/1) —-0,334 0,002
CD8+/CD45RA-/CD27+ (x10°/1) —0,46 <0,001
CD8+/CD45RA-/CD27+ (proc.) —-0,229 0,041
CD8+/CD38- (x10%/1) —0,478 <0,001
CD8+/CD38- (proc.) 0,649 <0,001
CD8+/CD38+ (proc.) 0,649 <0,001
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Kaip matoma 3.5.3.1 lentel¢je, stiprios sasajos (=0,7) tarp limfocity ir
rentgeno skalés pradiniy jver¢iy nerasta, taciau stebétos vidutings, silpnos
sasajos. Stipriausiy (vidutinio stiprumo) sasajy grafikai pateikiami 3.5.3.1;
3.5.3.2 paveiksléliuose.
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Lyginant kriitinés 1astos rentgenogramos skalg, pakartotinai vertintg po 5
meénesiy ir pradinius tékmés citometrijos rezultatus, statistiSkai reikSminga
sgsaja stebéta reCiau. Vidutinio stiprumo sgsaja nustatyta tarp rentgeno skalés
ir bendro limfocity skaiciaus procentais (0,408, p = 0,003); CD8+/CD38-
(proc.) (0,435, p = 0,002); CD8+/CD38+ (proc.) (0,435, p = 0,002). Lygi-
nant kriitinés 1astos rentgenogramos skalés po 5 gydymo ménesiy ir limfocity
populiacijy po 5 ménesiy sgsajas statistiSkai reikSmingy sgsajy nerasta.

3.5.4. Rezultaty aptarimas

T limfocity atsakas yra biitinas efektyviam imuniniam atsakui | M. tuber-
culosis infekcija. Sis atsakas gali biti detaliau apraSomas vertinant T lim-
focity fenotipus periferiniame kraujyje [176]. Dalis tyréjy renkasi vertinti
imuniteto atsakg j TB tirdami in vitro stimuliuotus limfocitus, kad jvertinty
specifinj atsaka i1 TB [329], taciau mes nusprendéme istirti nespecifines T
limfocity populiacijas, nes atlikti Siuos tyrimus klinikingje praktikoje bty
pigiau ir papras¢iau. Tyrimy su nespecifiniais T limfocitais TB atveju iki Siol
néra daug [176, 330, 331].

T limfocity populiacija, kuri tarp skirtingos iSeities grupiy bendroje TB
grupéje statistiSkai reikSmingai skyrési tiek procentine iSraiska, tiek absoliu-
¢iu apskaiciuotu lgsteliy kiekiu buvo tik CD8+/CD45RA+/CD27+. Tai nai-
viis efektoriniai limfocitai (zymenys CD27 ir CD45R A ekspresuojami naiviy,
ankstyvos diferenciacijos efektoriniy T limfocity [169, 332]). CD4+ T limfo-
citai turintys Zema CD27 raiSkg apraSomi kaip aktyvios TB bioZymuo [333,
334], o mazéjanti CD27 raiSka gali rodyti, kad dél ekspozicijos antigenu
vyksta T limfocity efektoriy diferenciacija [333]. Miusy tyrimo metu gauti re-
zultatai rodo, kad nes¢kmingos TB gydymo iSeities atveju CD8+/CD45RA+/
CD27+ populiacijos nustatoma statistiSkai reikSmingai maziau. Nors Siame
tyrime nejrodéme, kad pradinis Sios populiacijos limfocity kiekis gali turéti
jitaka TB gydymo iSeiciai, galbut biity tikslinga iStirti didesnj kiekj pacienty
norint gauti tikslesnius duomenis.

CD38 — transmembraninis glikoproteinas, imuninés aktyvacijos Zymuo
[174]. CD38+ atsiradimas yra susietas su lgstelinio imuniteto aktyvacija
[335]. Yra duomeny, kad, lyginant su latentine TB, didesni CD8+/CD38+ T
limfocity kiekiai nustatomi asmenims sergantiems aktyvia TB [176], o pa-
sveikus nuo TB TM specifiSky T limfocity su ekspresuojamu CD38 sumazéja
[174]. Tiriant nespecifinius T limfocitus TB ligos metu taip pat nustatytas
didesnis procentinis CD38+ T limfocity kiekis, nei sveikiems savanoriams
[176]. Sio tyrimo autoriy nuomone, tai susije su bendra T limfocity akty-
vacija esant aktyviai TB infekcijai [176]. Miisy tyrimo metu nestebéta, kad

.....
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presuojancios CD38, taciau stebéta, kad reikSmingai skyrési CD8+ limfoci-
ty ekspresuojanciy ir neekspresuojanciy CD38 dalis tarp visy T limfocity.
Nes¢kmingos gydymo iSeities grupéje nustatyta didesné¢ CD8+/CD38+ dalis.
Tai atitinka ir kity autoriy stebétus pakitimus biidingus aktyviai TB infekcijai
tiriant ir specifiSkus TM limfocitus [174]. Misy tyrimo rezultatai rodo, kad
esant TB, budingi T limfocity populiacijy pokyc¢iai gali biiti nustatomi ir ti-
riant nespecifinius T limfocitus.

Vertinant T limfocity populiacijy sgsaja su TB sukelta plauciy destrukci-
ja prie§ gydymo pradzia, rasta statistiSkai patikimy koreliacijy. Didziausios
sgsajos rastos tarp bendro procentinio limfocity kiekio ir CD8+/CD38+ bei
CD8+/CD38- limfocity populiacijy. Sie radiniai pagrjsty jau minétus kity
autoriy pastebéjimus, kad esant aktyviai TB ligai (o tuo paciu tikriausiai ir
didesnei destrukcijai plauc¢iuose) nustatomas didesnis CD38+ limfocity skai-
Cius [176]. Maz¢éjant bendram limfocity skai€iui kriitinés 13stos rentgenogra-
mos skale didé¢ja, kas taip pat iliustruoja jau anksc¢iau kity autoriy aprasSyta
teiginj, kad aktyvios TB metu vyksta lgstelinio imuniteto slopinimas [143].
Zinoma, ir tai, kad CD4+ ir CD8+ T limfocity kiekis mazéja aktyvios TB
atveju [336, 337], maziau nustatoma ir CD3+ T limfocity [330]. Prieinamoje
literatiiroje neradome jokio kito tyrimo, kurio metu buty lyginamos nespeci-
finiy T limfocity populiacijos su radiologiniais aktyvios plau¢iy TB simpto-
mais, todél palyginti Sio tyrimo rezultaty su kitais negalime.

79



ISVADOS

. Riikantiems daugiau kaip 20 pakmeciy, rizika neivykti skrepliy paselio
konversijai po pirmojo tuberkuliozés gydymo ménesio padidéjo. Al-
koholio vartojimo jprociai skrepliy pas¢lio konversijos dazniui jtakos
turéjo daugeliui vaisty atsparios tuberkuliozés grupéje, kur skrepliy pa-
s¢lio konversijos nejvykimo rizika buvo didesn¢ alkoholj vartojantiems
asmenims. Skrepliy pasélio konversijos sgsajy su kitais tirtais paciento
socialiniais veiksniais, kiino masés indeksu ir gyvenimo kokybés ne-
rasta.

. Atsparumas rifampicinui tarp naujai diagnozuotos tuberkuliozés nu-
statytas 28,7 proc. pacienty. Siems pacientams rizika nejvykti skrepliy
paseélio konversijai po pirmo gydymo ménesio padidéjo 39 kartus. Ver-
tinant atsparumag naujiems vaistams nuo tuberkuliozés patvirtintas tik
vienas dalinio atsparumo bedakvilinui atvejis, linezolidui ir klofazimi-
nui atsparumo nenustatyta.

. Kuo didesnis tuberkuliozés iSplitimas plauc¢iuose ir daugiau riig§ciai
atspariy bakterijy skrepliuose prie§ pradedant tuberliozés gydyma, tuo
mazesné skrepliy pasélio konversijos po pirmojo gydymo ménesio ti-
kimybé.

. Skrepliy pas¢lio konversija, tuberkulioze sergantiems pacientams, jvy-
ko daZniau, kai prie§ tuberkuliozés gydyma C reaktyvusis baltymas
(CRB) nebuvo padidéjes. Skrepliy pasélio konversijos sgsajy su uz-
degimo Zymeny (CRB, sICAM-1, suPAR) koncentracijomis kraujyje
pries pradedant plauciy tuberkuliozés gydyma nerasta. Sasajy tarp al-
bumino, vitamino D koncentracijy kraujyje prie§ gydyma ir skrepliy
pasélio konversijos nerasta.

. Po pirmojo tuberkuliozés gydymo ménesio nustatytos bendro limfocity
skai¢iaus ir jy CD8+/CD45RA-/CD27- populiacijos sasajos su skrepliy
pasé¢lio konversijos dazniu. CD4+/CD45RA-/CD27- populiacijos dy-
dis turéjo jtakos skrepliy pasélio konversijai vaistams jautrios tuberku-
liozés grupéje. Nustatytas tiesioginis rySys tarp CD3+, CD4+, CD8+,
CD4+/CD45RA-/CD27+, CD4+/CD45RA-/CD27-, CD8+/CD45RA-/
CD27+, CD8+/CD38-, CD8+/CD38+ T limfocity populiacijy ir plau-
¢iy pazeidimo apimties, vertinant radiologiskai, tac¢iau T limfocity ir
ju populiacijy kiekio pokyciai neturéjo jtakos tuberkuliozés gydymo
1Seitims.
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PRAKTINES REKOMENDACIJOS

. Vertinant turimus duomenis, rekomenduotume atlikti greita genotipinj
testg dél tuberkuliozés mikobakterijy visais atvejais nustacius didelés
apimties plauciy pazeidima radiologiskai bei didelj riigSc¢iai atspariy
bakterijy (RAB) kiekj skrepliuose. Tai jgalina greitai pradéti tinkama
gydyma.

. Nepaisant to, kad $iuo metu Lietuvoje atsparumo naujiems vaistams
nuo tuberkuliozés praktiskai nenustatoma, remiantis kity Saliy duome-
nimis, atsparumas Siems vaistams palaipsniui didéja, todel tikslinga ir
toliau tirti atsparumg Siems vaistams gydant vaistams atsparig tuberku-
liozg.

. Svarbiausi veiksniai, leidziantys prognozuoti skrepliy pas¢lio kon-
versijg — rentgeninis plauciy pazeidimo iSplitimas ir riig§ciai atspariy
bakterijy kiekis skrepliuose pries pradedant tuberkuliozés gydyma. Kol
nejvyksta skrepliy pasélio konversija, dél padidéjusio aplinkiniy uzkre-
¢lamumo, Siuos pacientus biitina gydyti stacionare, taikant adekvacias
infekcijos kontrolés priemones.

. Misy nuomone, Anna P. Ralph ir kolegy pasitilyta kriitinés 1astos rent-
genogramos vertinimo skalé galéty buti naudinga ir taikoma kasdieni-
néje klinikinéje praktikoje objektyvizuojant ir monitoruojant radiologi-
nj tuberkuliozés i$plitima bei gydymo efektyvuma.

. Pacientai, sergantys plauciy tuberkulioze, turéty biiti skatinami atsisa-
kyti rikymo ir alkoholio vartojimo, nes Sie zalingi jprociai tiesiogiai
susije su blogesniais gydymo rezultatais.

. UZdegiminiai zymenys suPAR, sSICAM-1, galimai néra naudingi klini-
kin¢je praktikoje prognozuojant skrepliy pas¢lio konversijos jvykima
po pirmojo tuberkuliozés gydymo ménesio.

. Vertinant tuberkuliozés gydymo rezultatus, nespecifiniy T limfocity
populiacijy tyrimas nebuvo naudingesnis nei bendro limfocity kiekio
matavimas, todél manome, kad Sie tyrimai greiCiausiai nebus naudingi
klinikingje praktikoje. Siems rezultatams patvirtinti reikéty atlikti deta-
lesnius tyrimus su didesnémis tiriamyjy grupémis.
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SUMMARY

ABBREVIATIONS
AFB — acid fast bacilli
BMI — body mass index
Cl — confidence interval
CRP — Creactive protein
DOT — directly observed treatment
IQR — interquartile range
LUHS — Lithuanian University of Health Sciences
MDR-TB - multidrug-resistant tuberculosis (resistant to at least isoniazid
and rifampin)

MT — Mycobacterium tuberculosis
RR — relative risk
SD — standard deviation
SGRQ — St. George Respiratory Questionnaire
SICAM-1 - soluble intercellular adhesion molecule-1
suPAR — soluble urokinase-type plasminogen activator receptor
TB — tuberculosis
WHO — World Health Organization.

INTRODUCTION

Tuberculosis (TB) — is an infectious, inflammatory disease caused by my-
cobacteria, belonging to Mycobacterium tuberculosis (MT) complex. World-
wide, TB is among the leading infectious killers [39].

Based on expert recommendations [5, 6], to reduce the incidence of TB,
it is recommended to: identify socio-economic factors influencing the spread
of TB; collect data on the molecular epidemiology of TB and prevent drug
resistance; diagnose TB as early as possible; provide adequate TB treatment;
seek new diagnostic methods and new safer, more effective, and shorter treat-
ment regimens.

Depending on national laws and treatment recommendations, patients with
positive sputum culture or microscopy may be isolated in hospital until they
are no longer considered to be infectious. These patients are also usually hos-
pitalized in Lithuania. It is recommended to repeat sputum cultures for my-
cobacteria after two months of treatment to assess sputum culture conversion
[7]. Although sputum culture conversion after two months of treatment is a
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good predictor of TB treatment success [8, 9], 2 months spent in hospital can
have a significant impact on a patient’s personal and professional life.

To date, there is no universally accepted single biomarker that can predict
the outcome of TB treatment at an early stage. Such biomarker would be a
major achievement in effective TB control, clinical trials of new anti-tuber-
culosis drugs, and, in the case of an individual patient, it could help to decide
on whether treatment time can be shortened or if treatment failure can be
suspected.

Study aim:

To evaluate the potential influence of social, laboratory and other fac-
tors on sputum culture conversion in the treatment of drug-susceptible and
drug-resistant tuberculosis.

Objectives:

1. To evaluate the associations between social factors, smoking, body
mass index (BMI), quality of life, and sputum culture conversion in
drug-susceptible and and drug-resistant tuberculosis (TB).

2. To determine the frequency of infection with drug resistant mycobac-
teria among the studied patients and to evaluate the influence of drug
resistance on sputum culture conversion.

3. To determine and evaluate the associations between sputum culture
conversion and the X-ray spread of TB-induced lung injury and the
number of acid-fast bacilli (AFB) in sputum

4. To determine the changes of biochemical and immune markers (albu-
min, vitamin D, C-reactive protein (CRP), soluble intercellular adhesion
molecule-1 (sSICAM-1), soluble urokinase-type plasminogen activator
receptor (suPAR)) in patients with TB and to evaluate their association
with sputum culture conversion in the treatment of drug-susceptible
and drug-resistant TB.

5. To determine and evaluate the associations of T lymphocyte popula-
tions in blood with sputum culture conversion, spread of TB-induced
lung injury and TB treatment outcomes.

Novelty of the study

To date, it is not entirely clear what factors may affect sputum culture con-
version in the treatment of TB. To our knowledge, there have been no such
studies in Lithuania so far. We also found only a few published studies eval-
uating factors influencing sputum culture conversion in multidrug-resistant
TB (MDR-TB) patients.
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We also investigated some possible biomarkers as factors influencing spu-
tum culture conversion and treatment outcomes. In addition to CRP, various
immune markers are being investigated. Many of them are not specific for
TB and their practical benefits are not yet clear. Based on the current litera-
ture, we chose SICAM-1, suPAR and non-specific T-lymphocyte populations
as possible TB biomarkers. Data on the association of these molecules with
clinical or other treatment efficacy criteria are not yet sufficient. Chest X-ray
is one of the cornerstones in the diagnosis of TB and the assessment of the
severity of the disease, but no studies have been performed to evaluate the
association of radiological TB spread with the biomarkers used in our study.

We also chose to evaluate the frequency of TB drug resistance among the
studied patients. Among the drugs studied, were some of the newest drugs
for TB treatment: bedaquiline, clofazimine and linezolid. No studies on re-
sistance to these drugs and the effect of this resistance on sputum conversion
have been performed in Lithuania.

METHODS

The study was performed at the hospital Lithuanian University of Health
Sciences Kaunas Clinics (LUHS KC), Clinic of Pulmonology. All patients
admitted to the LUHS KC affiliated hospital Romainiai TB Hospital from
April 2016 to April 2018 who met the inclusion criteria and did not have the
exclusion criteria were asked to participate in the study. Patients were treated
in an inpatient setting for at least 1 month under directly observed treatment
(DOT).

Only subjects who have signed an informed consent form were included
in the study.

The resistance to new TB drugs (bedaquiline, clofazimine, linezolid) has
been determined in an international clinical trial. Permission to use the data
of this study for the dissertation has been obtained.

Inclusion criteria were the following: men and women 18 to 90 years of
age with bacteriologically suspected (acid fast bacilli (AFB) in sputum mi-
croscopy) of confirmed (growth of MT in sputum culture) pulmonary TB for
the first time in their lifetime.

Exclusion criteria were: pregnant or breastfeeding women; persons with
autoimmune diseases; persons diagnosed with oncological disease within a
period of 5 years; patients with other mental and/or internal organ diseases
and conditions that may affect the levels of immune markers or are consid-
ered by the investigator to be an exclusion criterion.

The duration of the participation in the study was one year or until the end
of treatment if drug-resistant TB was detected.
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After signing the informed consent form, before the start of the treatment,
patient completed St. George’s Respiratory Questionnaire (SGRQ), medi-
cal and social history (citizenship, place of residence (urban/rural /without
a residence), marital status, education, occupation (employed/unemployed),
gender, age, history of drug use) was clarified, chest X-ray was done, periph-
eral blood was drawn for CRP, albumin, vitamin D. Peripheral blood was
also drawn for suPAR, sSICAM-1 testing with enzyme-linked immunosorbent
assay (ELISA) and for immunophenotypic characterization of peripheral T
lymphocytes by flow cytometry. Sputum was inoculated into liquid medi-
um for bacteriological confirmation of TB and drug resistance testing. Chest
X-ray scale score was calculated by a method described by Anna P. Ralph
et al. [287]. Testing for antibodies to HIV1/HIV2 and p24 antigens was per-
formed according to national guidelines. If HIV infection was confirmed, the
patient was excluded from the study.

If pulmonary TB was diagnosed and susceptibility to first-line anti-TB
drugs was known, or still pending treatment with the drug-susceptible TB reg-
imen was initiated (2HREZ/4HR: isoniazid, rifampicin, ethambutol, pyrazi-
namide for the first two months and then isoniazid and rifampicin for four
more months). If drug resistance was detected during treatment, treatment
regimen was adjusted according to national guidelines. Longer of the avail-
able treatment regimens were assigned to the MDR-TB patients. The start of
treatment was the day on which the patient was first prescribed anti-TB drugs.

One month after the start of treatment, sputum microscopy for AFB and
sputum culture for TM was repeated, blood was drawn for CRP, suPAR and
sICAM-1 testing.

Five months after starting treatment, chest X-ray was performed again,
sputum microscopy for AFB and sputum culture for MT was performed,
blood was drawn for CRP, suPAR, SICAM-1 and immunophenotypic charac-
terization of peripheral T lymphocytes.

One year after the start of treatment (or after completion of TB treatment
if patient was diagnosed with MDR-TB), the patient or his physician was
contacted to find out the outcome of the TB treatment. Outcomes for TB treat-
ment were divided into two groups according to WHO definitions: successful
treatment (cured); treatment failure (death, loss to follow-up).

Patient inclusion is shown schematically in Figure 1.
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All patients admitted to Romainiai Tuberculosis Hospital who met the
inclusion criteria and had no exclusion criteria were asked to participate
in the study. 113 patients agreed.

Y

_| 1 patient refused to participate after

112 patients. HIV testing

was

done

\ 4

" | the 1% day

3 patients were diagnosed with HIV

Y

and excluded from study

109 patients. Sputum
culture us performed

2 patients were diagnosed with

pulmonary mycobacteriosis and

)\ excluded from study

107 patients continued their
participation

Y

_| 8 patients died during treatment.
6 — in the first month of treatment

A
Treatment and participation
was continued in 99
patients

Figure 1. Patient inclusion diagram.

Evaluation of the quality of life

St. George’s Respiratory Questionnaire (SGRQ) was used to assess the
quality of life. It is a standardized questionnaire used to measure disorder of
health and quality of life in respiratory diseases. It is designed to compare
differences in health between individual patients and changes in the quality
of life during treatment. The questionnaire assesses the severity of the symp-
toms of the disease, the activity of the patient and the impact of the disease on
the patient’s daily life in 76 questions. It takes 8-15 minutes to complete the
questionnaire. In previous studies, SGRQ results have significantly correlated
with other signs of disease activity, such as cough, dyspnea, 6-minute walk-
ing test, and forced expiratory volume in the first second.

The numerical value of SGRQ was calculated with a calculator prepared
in MS Excel. The overall score was calculated, as well as separate results for
symptoms, activity and disease effect which are presented on a scale from 0
to 100. In our study we used the official Lithuanian version of the SGRQ and
the calculator available on the St. George University page with the permission
of the organization.
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The first question of the questionnaire when patients rate their overall
health condition on a five-point scale from 1 (very good) to 5 (very poor) was
presented separately in the results section.

Evaluation of smoking history

The smoking history was assessed by the calculation of pack-years. The
number pack-years was calculated on the basis of a patient survey — the num-
ber of packs of cigarettes smoked per day was multiplied by the number of
years of smoking and expressed in numerical terms.

Evaluation of chest X-ray

Chest radiographs were evaluated using a scale described by Anna P. Ralph
and colleagues [287]. The numerical score from 0 to 140 was used to describe
lung injury caused by pulmonary TB. For the evaluation of each radiograph,
the following steps were performed: the radiologist divided the visible image
of the lungs into six zones of approximately equal size in two horizontal lines.
The image was then evaluated from top to bottom by comparing the left and
right sides and assessing what percentage of the visible lung image in each
area was damaged. The assessment was made whether the injury was focal or
homogeneous. If the injury was focal, the percentage was multiplied by 0.5, if
homogeneous — the percentage was multiplied by 1. If cavitation was observed
on the radiograph, 40 was added to the number obtained. The numerical value
of the scale was given by the following formula: the percentage of lung injury
+ 40 (if cavitation was detected).

In our study, the evaluation of chest radiographs was performed by an
experienced radiologist who specializes in the evaluation of pulmonary radi-
ology.

Sputum smear for acid-fast bacilli

Sputum smear for acid-fast bacilli (AFB) was performed in two stages
according to the methodology approved by the clinic of Laboratory Medicine
of the Lithuanian University of Health Sciences (LUHS): the sample was first
stained by the fluorescence method, followed by the Ziehl-Neelsen method if
the sample showed a characteristic glow.

The results were presented according to the system proposed by the WHO
and International Union Against Tuberculosis and Lung Disease: “scanty” or
recording the number of bacteria found (1-9 AFB after reviewing 100 fields of
oil immersion); “1+” (1099 AFB after reviewing 100 oil immersion fields);
“2+” (1-10 AFB per field of oil immersion) and “3+” (> 10 AFB per field of
oil immersion).

Sputum culture for Mycobacterium tuberculosis

Prior to inoculation, the test sample was treated to eliminate non-specific
microorganisms and to liquefy the sample itself. Solid and liquid media were
used to grow mycobacteria. Liquid media were used during initial diagno-
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sis, and solid media were used to evaluate the treatment efficacy and sputum
culture conversion. Sputum culture conversion was defined as two consecu-
tive negative cultures after the first sputum sample, collected at least 30 days
apart. Culture conversion time was reported as the date where the first nega-
tive sample was collected.

The samples were delivered to the laboratory in a sterile Falcon tube with-
in 2 hours after collection. Then samples were filled with NALC-NaOH solu-
tion and centrifuged after 15 to 20 minutes. The supernatant was then aspi-
rated and the sediments were mixed with 1-2 mL of phosphate buffer. The
inoculum was inoculated into Levenstein-Jensen medium (solid medium) or
BACTEC MGIT 960 (liquid medium). A smear for AFB microscopy was
prepared from the remaining sediment. The culture was incubated in a CO,
incubator at 37°C for up to 8 weeks (solid medium) or 6 weeks (liquid me-
dium). If growth was detected, a smear was prepared from the pure culture
for microscopy. If bacterial contamination was ruled out, mycobacteria were
identified and the susceptibility of MT complex bacteria to anti-TB drugs was
determined.

Drug susceptibility in our study was determined by phenotypic meth-
ods. Resistance to second-line anti-TB drugs was determined in the samples
of patients whose sputum cultures had grown poly-drugresistant or multi-
drug resistant MT isolates. Minimal inhibitory concentration for bedaquiline
was measured by microdilution of 7H11 agar and 7H9 broth using special-
ly prepared frozen Thermo Fisher plates and following the manufacturer’s
instructions. For other drugs, only the 7H9 broth microdilution method was
used, using specially prepared frozen Thermo Fisher plates and following the
manufacturer’s instructions. Drugs and dilution intervals are listed in Table 1.

Table 1. Drugs and broth dilution intervals

Drug name Interval (ug/mL) Quality control interval (ug/mL)
Bedaquiline 0.008—4 0.015-0.06
Rifampicine 0.064 0.03-0.25
Isoniasid 0.03-16 0.03-0.12
Ethambutol 0.25-16 0.25-2
Ofloxacin 0.12-8 0.25-2
Levofloxacin 0.064 0.12—1
Moxifloxacin 0.06-4 0.06-0.5
Kanamycin 0.12-16 0.25-2
Amikacin 0.12-16 0.25-2
Capreomycin 0.12-16 0.54
Linezolid 0.12-8 0.25-2
Clofazimine 0.015-4 0.03-0.25

88



Periferal blood testing

Laboratory tests were performed in the laboratory of Department of Labo-
ratory Medicine of LHUS. Peripheral blood was collected for analysis in BD
Vacutainer K3EDTA tubes. CRP was determined using the Becman Coulter
UniCel DxC Synchron 800 clinical biochemistry system (USA). The normal
CRP value was <7.5 mg/L. The results of the vitamin D test were divided into
the following ranges: <50 nmol/L — vitamin D deficiency, 51-69 nmol/L —
insufficiency, 70-250 nmol/L optimal vitamin D concentration, >250 nmol/L
— intoxication. Normal albumin concentration limits were 35-48 g/L.

Peripheral blood for ELISA assays was collected into plain BD Vacutainer
tubes (BD, USA), centrifuged at 1600xg for 15 min. Sera were separated
from the blood, aliquoted and stored at —70°C temperature until analysis.
Serum suPAR was assessed using commercial kits Human suPAR ELISA
(BioVendor — Laboratorni medicina, Czech Republic) according to manufac-
turer’s instructions. Lower detection limit was 5.1 pg/mL for suPAR. RayBio
Human sICAM-1 ELISA commercial kits (RayBiotech, USA) with a lower
detection limit of 150 pg/mL were used for assessment of SICAM-1 in serum.
CRP level was detected using clinical chemistry system Becman Coulter Uni-
Cel DxC Synchron 800 (USA).

For flow cytometry cell aliquots were directly stained following a standard
procedure with monoclonal anti-human antibodies (BD Biosciences Pharmin-
gen, USA): CD3 (FITC, clone UCHTTI), CD4 (PE-Cy™7, clone SK3), CD8
(APC-Cy™7, clone SK1), CD45RA (PerCP-Cy™S5.5, clone HI100), CD27
(APC, clone M—T271), CD38 (PE, clone HIT2). Subsequently samples were
analysed using FACS Canto flow cytometer (BD Immunocytometry Systems,
USA). The T lymphocyte population was identified based on side scatter and
the level of CD3 expression. The number of positive cells with CD expres-
sion was evaluated as a percentage of cells in the T lymphocyte gate. These
T-cell subsets were assessed during analysis: CD4+/CD45RA+/CD27+ (na-
ive); CD4+/CD45RA-/CD27+ (memory); CD4+/ CD45RA+/CD27-; CD4+/
CD45RA-/CD27- (memory/effector); CD8+/CD45RA+/CD27+ (naive);
CD8+/CD45RA-/CD27+ (memory); CD8+/CD45RA+/CD27- (cytotoxic
effector); CD8+/CD45RA-/CD27- (memory/effector); CD8+/CD38+/CD3+
(activated suppressor/cytotoxic); CD8+/CD38-/CD3+. Absolute counts of
T-cell subsets were calculated from total cell counts, enumerated by automat-
ed hematology system Sysmex XE-5000 (Sysmex Corporation, Japan).

Statistical analysis

The required sample size was calculated according to the formula for cal-
culating the finite sample size:
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[(Z%) x (P) x (1 =p) = (eH)] = [1 +(Z%) x (P) x (1 —p) = (¢*) x (N)]

Where:
N — population of TB patients (888)
Z-1.96

e — selected accuracy — 5%
P — population proportion — 4%
p — significance level.

Sample size — 55. The sample volume was estimated at 5% statistical signif-
icance with 95%. confidence interval. Statistical analysis was performed using
SPSS v.23.0 Statistical Package for the Social Sciences (Chicago, IL, USA).

Descriptive and analytical statistical methods were used. The normality
of the data was assessed by the Kolmogorov and Smirnov test. Data with the
normal distribution were presented as mean and standard error of mean, and
data with no normal distribution were presented as median and interquartile
range. Categorical variables were compared using the Pearson y? test, contin-
uous variables — using the Mann-Whitney U test. Spearman rank correlation
coefficient was used to evaluate correlations. Binary logistic regression was
used with dichotomous variables. When continuous variables were evaluated
with binary logistic regression, they were recoded into a two-value variables,
using the median as the cut-off between the two values.

The results were considered statistically significant when p was <0.05.

RESULTS AND DISCUSSION

A total of 62 drug- susceptible TB patients, 31 MDR-TB, and 14 mono- or
poly-resistant TB patients were studied. 77 patients were men, 30 — women.
The data was not normally distributed so the results are presented as median
and interquartile range.

Median BMI in the drug-susceptible TB group was 21.53 [19.77-23.24],
21.71 [17.9-24.94] in mono- / poly-resistant TB group, 21.77 [20.13-24.22]
in MDR-TB group. Patient demographics are presented in Table 2.

Table 2. Demographic data of study patients

Drug-suscep- Mono-/poly-
tilg)le TB P resistanI; T}I,l MDR-TB
Gender: men/women 49/13 10/4 18/13
Age, yers (median, IQR) 37 [31.3-48] | 37.25[32.5-47,5] |29 [20-44]
Successfull/unsuccessfull treatment 53/9 12/2 28/3
Urban/rural living 28/34 7/7 18/12
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Table 2 continued

Drug-suscep- Mono-/poly-
tilg)le TB P resistanI; T}],?' MDR-TB
Education: secondary or lower/higher 38/24 8/6 16/15
than secondary
Lives with family/lives alone 26/36 8/6 15/16
Student or employed/retired or 29/33 7/7 13/18
unemployed

IQR — interquartile range; MDR-TB — multidrug-resistant TB.

Drug resistance of Mycobacterium tuberculosis and the influence of
drug resistance to sputum culture conversion

Among the patients studied, MDR-TB was detected in 28.7%. Resistance
to rifampicin was identified in 31 patients (28.97%) and resistance to isonia-
zid — 45 patients (42.05%). Mono-resistance to rifampicin was not identified,
therefore all patients with rifampicin resistance were confirmed to be MDR-
TB patients.

Among the patients in the study, partial resistance to bedaquiline was
found in one patient. MT resistance to linezolid was not identified. We found
no patients with MT resistance to clofazimine or linezolid.

We also attempted to evaluate how drug resistance affects sputum culture
conversion after the first month of TB treatment. We found the there was an
increased risk of non-conversion after the first month of TB treatment if re-
sistance to rifampicin was detected (RR —39.13, CI 3.04-503.8, p = 0.005).

Discussion

The percentage of MDR-TB among our patients was significantly higher
than the total share of reported MDR-TB among new TB cases in Lithuania
(11.7% according to European Center for Disease Prevention and Control
[52]). Although our patients should accurately reflect the situation among pa-
tients in Kaunas region, it should be considered that some patients with TB
were not included in the study due to exclusion criteria, such as HIV or other
concomitant diseases and some did not agree to participate.

In our study we found that there was no mono resistance to rifampicin
among the patients. According to other researchers, more than 90 percent of
resistance to rifampicin is also associated with resistance to isoniazid, and
rifampicin alone can be used as a marker for MDR-TB [288].

Among poly-resistant TB and MDR-TB patients, resistance to the new
anti-TB drugs (bedaquiline, clofazimine and linezolid) has also been studied.
These drugs are particularly important for the treatment of MDR-TB, as they
are among the most effective, first choice drugs for MDR-TB [91]. Although
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these drugs have only recently been introduced for the treatment of TB, there
is already data on emerging resistance worldwide [79, 80].

Linezolid has been centrally administered to TB patients in Lithuania
since 2016. To understand if we can expect wider linezolid resistance in the
coming years it would be useful to study the situation in other countries. The
first cases of linezolid-resistant MT in Germany were reported in 2007 (out
of 210 isolates tested in the national reference laboratory, linezolid resistance
was found in 4 patients (1.9%)) [289]. Later (in 2008-2013), a study in the
same country found linezolid resistance in 3% of patients, although it is dif-
ficult to directly compare the results, since the latter study only assessed the
migrant population [290]. In a 2019 study in South Africa, linezolid-resistant
MT isolates were identified in approximately one-third of MDR-TB patients
who have already experienced treatment failure [291]. According to these
researchers, one of the reasons for such prevalent linezolid resistance, may
have been that linezolid was added as an adjunct to the already failing TB
treatment regimen. So although, according to the available data, resistance to
linezolid in Lithuania is rarely detected, it cannot be ruled out that an increase
in the frequency of linezolid resistance is expected in the future.

Clofazimine has not been used in Lithuania at the time of this study. This
drug was introduced to hospitals in Lithuania only in 2020. To understand
how resistance to clofazimin may change among Lithuanian patients, it would
also be useful to evaluate the experience of other countries. In South Africa,
clofazimin has been used since 2012, and 92 TM isolates with the Rv0678
mutation have been identified in the whole MT genome sequencing in 2020
[74, 292].

According to previous studies, resistance to new TB drugs is increasing
over time [74, 290, 331]. Based on expert agreements, to avoid the spread
of drug resistance, it is necessary to follow TB treatment recommendations
and not to add a new drug as an only potentially effective drug to the already
failing TB treatment [291, 293].

Factors associated with sputum culture conversion

Among the studied patients, all were of Lithuanian nationality, there were
no immigrants from other countries, all denied illicit drug use, only one pa-
tient did not have a permanent place of residence. Therefore, the influence of
these factors on sputum culture conversion could not be investigated.

Factors influencing sputum culture conversion in the treatment of
drug-susceptible pulmonary tuberculosis

The first 52 patients included in the study who were diagnosed with
drug-sensitive pulmonary TB were used to answer this question of the disser-
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tation. Out of the 52 patients in this group, sputum culture conversion after
the first month of treatment was observed in 20 patients (38.5%).

The distribution of the studied factors among our patients is presented in
Table 3.

Table 3. Social and other factors in diferent sputum culture conversion
groups (conversion/non-conversion) after the first month of drug-susceptible

tuberculosis treatment

Factor Conversion group | - Nowconversion | p e
Gender, n (%): 0.677*
Men 16 (80.0) 24 (75)
Women 4(20.0) 8 (25)
Age, years, median [IQR] 36 [29-45] 37 [32.6-46.5] 0.587"
Age groups, n (%): 0.768*
>40 years 11 (55) 22 (68.75)
<40 years 9 (45) 10 (31.25)
Living environment, n (%): 0.07*
Urban 12 (60.0) 11 (34.37)
Rural 8 (40.0) 21 (65.63)
Family status, n (%): 0.93*
Alone 11 (55) 18 (62.1)
With family/partner 9 (45) 14 (60.9)
Occupation, n (%): 0.508"
Employed, student 10 (50) 13 (40.62)
Unemployed, retired 10 (50) 19 (59.38)
Education, n (%): 0.284*
Secondary or lower 10 (50) 21 (65.62)
Higher education 10 (50) 11 (34.38)
Subjective self-assessment of the 0.113%
patient’s overall health, n (%):
Very good 3 (15) 1 (3.125)
Good 8 (40) 4(12.5)
Average 7 (35) 17 (53.125)
Bad 2 (10) 8 (25)
Very bad 0(0) 2 (6.25)
Subjective self-assessment of 0.007*
the patient’s overall health
(grouped), n (%):
Good and very good 11 (55) 6 (18.75)
Average, bad and very bad 9 (45) 26 (81.25)
SGRQ total score, median [IQR] | 22.13 [4.03-29.05] | 32.79 [26.17-47.86] 0.009"
SGRQ total score, n (%): 0.008"
>30 4 (20) 19 (59.37)
<30 15 (80) 13 (40.63)
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Table 3 continued

Conversion group

Non-conversion

Factor N =20 group N = 32 P value

Alcohol use, n (%): 0.91%

2-3 times per weak and more 8 (40) 10 (31.25)

Less frequently 8 (40) 14 (43.75)

Never 4 (20) 8 (25)
Chest X-ray scale, median [IQR] | 53.33 [8.3-58.33] | 95.83[74.16-109.16] | <0.001"
Albumin concentration in blood 36 [28-39] 25.5 [24-35] 0.012°
(g/L) , median [IQR]
Hypoalbuminemia (<35 g/L), 0.0467
n (%):

Yes 5(25) 17 (53.12)

No 15 (75) 15 (46.88)
BMI (kg/m?), median [IQR] 22.37[19.89-24.06]| 22.21[19.94-23.93] 0.837"
BMI grouped, n (%): 0.252*

Underweight (<18.5 kg/m?) 3(15) 3(9.375)

Normal weight (18.5-24.9 kg/m?) 13 (65) 24 (75)

Overweight (25-29.9 kg/m?) 4 (20) 3(9.375)

Obesity (>30 kg/m?) 0 (0) 2 (6.25)
Smoker, n (%) 15 (75) 28 (87.5) 0.246"
Non-smoker, n (%) 5(25) 4(23.5)
Pack-years, median [IQR] 12.5 [5-16] 20 [5-25] 0.33"
Smoker for more than 20 pack- 0.046"
years, n (%):

Yes 5(25) 17 (53.12)

No 15 (75) 15 (46.88)
AFB in sputum before the start <0.0001*
of treatment, n (%):

AFB 3+ 0(0) 21 (65.6)

AFB 2+ 5(25) 5(15.6)

AFB 1+ 3(15) 4 (12.5)

Scanty AFB 4 (20) 2 (6.3)

No AFB 8 (40) 0(0)
Vitamin D concentration 35.2 [24.5-43.5] 29.35[24.58-38.55] 0.342"
(nmol/L), median [IQR]
Vitamin D concentration 0.43%
(grouped), n (%):

<50 nmol/L 13 (65) 25 (78.125)

50-69 nmol/L 6 (30) 7 (21.875)

Optimal (70-250 nmol/L) 1(5) 0(0)

* — Mann-Whitney U test
# — Pearson chi-quadrat test

IQR — interqartile range; SGRQ — St. George Respiratory Questionnaire; BMI — body mass

index; AFB — acid fast bacilli.
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As seen in table 3, the amount of AFB found in the sputum microscopy,
the chest X-ray scale score and the subjective self-assessment of the patient’s
overall health had a statistically significant impact on sputum culture conver-
sion after the first month of TB treatment.

We also performed logistic regression analysis. Patients who were micro-
scopically detected with 2+ or 3+ AFB in their sputum prior TB treatment
had a 20.8-fold increased risk of sputum culture non-conversion after the first
month of TB treatment. Patients who scored 30 or more on SGRQ were 7
times more likely to have no sputum culture conversion after the first month
of TB treatment. Smoking history (more than 20 pack-years of smoking)
alone, was not a statistically significant factor in predicting sputum culture
conversion.

Factors influencing sputum culture conversion in the treatment of
multidrug-resistant pulmonary tuberculosis

The MDR-TB group of 31 patients were studied separately. There were no
data on sputum culture conversion in 3 patients. Of the patients studied, 11
patients experienced sputum culture conversion after 1 month of treatment
and 17 did not. Factors that were analyzed are presented in table 4.

Table 4. Social and other factors in diferent sputum culture conversion gro-
ups (conversion/non-conversion) after the first month of multidrug-resistant
tuberculosis treatment

Factor Conve;s;oillgroup N gxs;ngezrsllgn P value
Gender, n (%): 0,823%
Men 6 (54,54) 10 (58,8)
Women 5(45,45) 7 (41,2)
Age, years, median [IQR] 56 [20-60] 43 [32,5-52] 0,43"
Age groups, n (%): 0.934*
>40 years 6 (54.54) 9 (53)
<40 years 5 (45.45) 8 (47)
Living environment, n (%): 0.093*
Urban 8 (72.7) 8 (47)
Rural 2 (18.2) 9 (53)
Family status, n (%): 0.102*
Alone 3(27.3) 10 (58.8)
With family/partner 8 (72.7) 7(41.2)
Occupation, n (%): 0.142%
Employed, student 7 (63.6) 6(35.3)
Unemployed, retired 4(36.4) 11 (64.7)
Education, n (%): 0.184*
Secondary or lower 5 (45.45) 12 (70.6)
Higher education 6 (54.54) 5(29.4)
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Table 4 continue

Conversion group

Non-conversion

Factor N=11 group N = 17 P value

Subjective self-assessment of the 0.705*
patient’s overall health, n (%):

Very good 1(9.1) 1(5.9)

Good 3(27.3) 5(29.4)

Average 4(36.4) 9(53)

Bad 3(27.3) 2 (11.8)

Very bad 0 (0) 0(0)
Subjective self-assessment of the 0.954*
patient’s overall health (grouped),
n (%):

Good and very good 4(36.4) 6 (35.3)

Average, bad and very bad 7 (63.6) 11 (64.7)
SGRQ total score, median [IQR] 33.15[10.35— 24.62 [15.28-35.99] | 0.194"

54.27]

SGRQ total score, n (%): 0.934*

>30 5(45.45) 8 (47)

<30 9 (81.81) 9 (53)
Alcohol use, n (%): 0.004*

2-3 times per weak and more 1(9.1) 6(35.3)

Less frequently 3(27.3) 10 (58.8)

Never 7 (63.6) 1(5.9)
Chest X-ray scale, median [IQR] | 14.25[1.33-42.09] | 61.83 [40.33-77.5] 0.019"
Albumin concentration in blood 40 [39.5-41.5] 40 [37-40] 0.675"
(g/L), median [IQR]
Hypoalbuminemia (<35 g/L), 0.239%
n (%):

Yes 3(27.3) 2 (11.8)

No 7 (63.6) 15 (88.2)
BMI (kg/m?) , median [IQR] 22.26 [19.2-25.5] | 21.97[20.33-23.59] | 0.264"
BMI grouped, n (%): 0.327

Underweight (<18.5 kg/m?) 0(0) 2 (11.8)

Normal weight (18.5-24.9 kg/m?) 7 (63.6) 12 (70.6)

Overweight (25-29.9 kg/m?) 4(36.4) 3(17.6)

Obesity (>30 kg/m?) 0 (0) 0(0)
Smoker, n (%) 7 (63.6) 15 (88.2) 0.121*%
Non-smoker, n (%) 4(36.4) 2 (11.8)
Pack-years, median [IQR] 2.5[0.5-2.25] 10[3.5-25.5]] 0.134"
Smoker for more than 20 0.066*
pack-years, n (%):

Yes 1(9.1) 7(41.2)

No 10 (91) 10 (58.8)

96




Table 4 continued

Factor Convc;s;oillgroup Nggﬁ;ﬂl\\;eisllgn P value

AFB in sputum before the start of 0.001%
treatment, n (%):

AFB 3+ 1(9.1) 3(17.6)

AFB 2+ 0(0) 5(29.4)

AFB 1+ 0(0) 3(17.6)

Scanty AFB 1(9.1) 5(29.4)

No AFB 9 (81.8) 1(5.9)
Vitamin D concentration 35.5[19.35-60.5] 47.9[26.25-62] 0.675°
(nmol/L), median [IQR]
Vitamin D concentration 0.437*
(grouped), n (%):

<50 nmol/L 5(45.45) 12 (70.6)

50-69 nmol/L 4(36.4) 3(17.6)

Optimal (70-250 nmol/L) 1(9) 2 (11.8)

* — Mann-Whitney U test

# — Pearson chi-quadrat test

IQR — interqartile range; SGRQ — St. George Respiratory Questionnaire; BMI — body mass
index; AFB — acid fast bacilli.

There was a statistically significant difference of AFB quantity in the spu-
tum microscopy and the X-ray score between the two conversion groups.
Patients who reported of using alcohol prior hospitalization were less likely
to have sputum culture conversion after the first month of treatment (RR 48;
95% CI 2.4-985.24; p = 0.01).

It was not observed that any of the other studied factors influenced the
sputum culture conversion, but it should be noted that MDR-TB group is rel-
atively small, and the results may differ if more patients would be analyzed.

Data for the group of mono-/poly- drug-resistant TB are not presented sep-
arately because this group was even smaller and no statistically significant
influence of studied factors to sputum culture conversion was observed.

Factors influencing sputum culture conversion in the treatment of
pulmonary tuberculosis

We also evaluated all TB groups (drug-susceptible, mono-/poly-resistant,
MDR-TB) as a whole. A total of 107 patients were included, but there were
missing data on sputum conversion after 1* month of TB treatment in 10 pa-
tients. After first month of treatment, 41 patients converted and 56 did not.
Factors that were analyzed, are presented in table 5.
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Table 5. Social and other factors in diferent sputum culture conversion
groups (conversion/non-conversion) after the first month of tuberculosis
treatment (both drug-susceptible and drug-resistant)

Conversion group

Non-conversion group

(g/L) , median [IQR]

Factor N =41 N =56 P value
Gender, n (%): 0.705*
Men 30(73.2) 39 (69.6)
Women 11 (26.8) 17 (30.4)
Age, years, median [IQR] 42 [32-51.5] 46 [37-55.75] 0.852"
Age groups, n (%): 0.565%
>40 years 24 (58.5) 36 (64.3)
<40 years 17 (41.5) 20 (35.7)
Living environment, n (%): 0.008"
Urban 26 (63.4) 21(37.5)
Rural 14 (34.1) 35 (62.5)
Family status, n (%): 0.089%
Alone 17 (41.5) 33 (58.9)
With family/partner 24 (58.5) 23 (41.1)
Occupation, n (%): 0.197*
Employed, student 23 (56.1) 24 (42.9)
Unemployed, retired 18 (43.9) 32 (57.1)
Education, n (%): 0.114%
Secondary or lower 19 (46.3) 35(62.5)
Higher education 22 (53.7) 21 (37.5)
Subjective self-assessment of the 0.215*
patient’s overall health, n (%):
Very good 5(12.2) 2 (3.6)
Good 13 (31.7) 11 (19.6)
Average 15 (36.6) 28 (50)
Bad 6 (14.6) 13 (23.2)
Very bad 1(24) 2 (3.6)
Subjective self-assessment of the 0.024"
patient’s overall health (grouped),
n (%):
Good and very good 18 (43.9) 13 (23.2)
Average, bad and very bad 22 (53.7) 43 (76.8)
SGRQ total score, median [IQR] | 22.8[7.23-39.73] | 32.79[23.14-52.96] | 0.005"
SGRQ total score, n (%): 0.039%
>30 14 (34.1) 31 (55.4)
<30 27 (65.9) 25 (64.6)
Alcohol use, n (%): 0.27*
2-3 times per weak and more 14 (34.1) 11 (19.6)
Less frequently 16 (39) 26 (46.4)
Never 11 (26.83) 19 (33.9)
Chest X-ray scale, median [IQR] | 41.67 [4.58-57.92] 82.25 [62-106.46] [<0.0001"
Albumin concentration in blood 40 [36.5-43.5] 37 [31.75-40] 0.089"
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Table 5 continued

Conversion group | Non-conversion grou
Factor N = 41g P N =56 ErOUP | p value

Hypoalbuminemia (<35 g/L), 0.698"
n (%):

Yes 10 (24.4) 16 (28.6)

No 30(73.2) 40 (71.4)
BMI (kg/m2) , median [IQR] 21.91[19.19-24.72]| 21.72[19.94-23.24] | 0.926"
BMI grouped, n (%): 0.307*

Underweight (<18.5 kg/m?) 6 (14.6) 7 (12.5)

Normal weight (18.5-24.9 kg/m?) 26 (63.4) 38 (67.9)

Overweight (25-29.9 kg/m?) 9 (22) 7 (12.5)

Obesity (>30 kg/m?) 0(0) 3(5.4)
Smoker, n (%) 30(73.2) 49 (87.5) 0.073*
Non-smoker, n (%) 11 (26.8) 7 (12.5)
Pack-years, median [IQR] 7 [0-19] 10 [5-25] 0.147
Smoker for more than 0.011*
20 pack-years, n (%):

Yes 10 (24.4) 28 (50)

No 31 (75.6) 28 (50)
AFB in sputum before the start of <0.0001*
treatment, n (%):

AFB 3+ 3(7.3) 25 (44.6)

AFB 2+ 5(12.2) 12 (21.4)

AFB 1+ 5(12.2) 9 (16.1)

Scanty AFB 8 (19.5) 8(14.3)

No AFB 20 (48.8) 2 (3.6)
Vitamin D concentration 42.3 [35.3-56.3] 40.2 [28.13-59.15] 0.081"
(nmol/L), median [IQR]
Vitamin D concentration 0.232%
(grouped), n (%):

<50 nmol/L 22 (53.7) 41(73.2)

50-69 nmol/L 15 (36.6) 13 (23.2)

Optimal (70-250 nmol/L) 2 (4.9) 2 (3.6)

* — Mann-Whitney U test
# — Pearson chi-quadrat test

IQR — interqartile range; SGRQ — St. George Respiratory Questionnaire; BMI — body mass

index; AFB — acid fast bacilli.

After performing logistic regression analysis, it was shown that sputum
culture conversion was only affected by chest X-ray scale score and quantity
of AFB in sputum microscopy. Higher X-ray score and quantity of AFB in-
creased the risk of non-conversion.

After grouping the X-ray score and quantity of AFB in sputum microscopy
into two groups and performing binary logistic regression analysis (Table 6),
we found that the failure to convert after the first month of TB treatment was
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significantly affected by X-ray score, quantity of AFB in sputum microscopy
prior TB treatment, and tobacco smoking pack-years when they exceed 20.

Table 6. Binary logistic regression analysis in the overall tuberculosis group,
assessing which of the studied factors significantly influenced the absence
of sputum culture conversion after 1 month of treatment. Only factors with
statistically significant influence are presented

Studied factor Betz‘l Stal.ldi.‘rd Re{a tive 95% CI
coefficient | deviation risk

AFB in sputum microscopy prior TB 2,62 0,95 13,76 2,12 | 89,21
treatment (less than 2+/2+ and 3+)
X-ray scale score (less than 70/70 1,86 0,83 6,4 1,25 |32,83
and more)
Tobacco smoking pack-years (less 0,92 0,34 2,5 1,27 | 49
than 20/20 and more)

CI — confidence interval; AFB — acid fast bacilli.

Discussion

The aim in many countries is to start outpatient treatment for TB patients
as early as possible, to reduce the burden on the health care system and im-
prove the quality of life of the patient. Bacteriological confirmation of sputum
microscopy or sputum culture conversion is routinely obtained to terminate
isolation in Lithuania. According to the current order of the Lithuanian Min-
ister of Health, sputum tests should be repeated after two months of TB treat-
ment. In this study, to evaluate the effectiveness of the treatment as soon as
possible, we chose to evaluate sputum culture conversion after the first month
of TB treatment. Evaluation of sputum conversion after the first month of TB
treatment is also chosen by some other study authors [95, 296, 297], however,
these studies have so far only been performed with MDR-TB patients.

In Lithuania, radiographic classification of pulmonary TB (focal, infiltra-
tive, fibrous, cavernous, disseminated) is still used. However, these radiolog-
ical forms have not been shown to affect the patient’s prognosis or to influ-
ence treatment choices. We believe that it would be more beneficial to use
other research-proven methodologies to assess the radiological spread of TB.
It is already known that patients with more cavities in the lungs have higher
levels of MT [298] and subsequently later sputum culture conversion [18,
260]. We found only one scale (by Anna P. Ralph et al.) for evaluating chest
X-rays during TB treatment [287]. This scale was used in our study. Our
data are in line with previous studies: the higher the chest X-ray scale score
and thus the radiographic spread of the disease, the higher the probability of
non-conversion [279]. We believe that this chest X-ray scale could be useful
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in clinical practice to assess the initial lung injury and to monitor the effec-
tiveness of TB treatment. However, its use may be hampered if the patient
has concomitant pulmonary disease that may causes additional radiological
changes.

The second important factor that could help predict sputum culture con-
version that was found in our study, was the amount of AFB in the sputum
microscopy prior to TB treatment. Similar results were acquired by other re-
searchers [302].

We also found that patients who smoked for more than 20 pack-years were
at higher risk of sputum culture non-conversion after the first month of TB
treatment. According to other authors, after a patient quits smoking, the risk
of death from TB is significantly reduced, so it can be argued that smoking
cessation is an important factor in reducing TB-related mortality [255, 264].

We found no effect of alcohol consumption on sputum culture conver-
sion among drug-susceptible TB patients, but there was an effect of alcohol
consumption habits on sputum culture conversion among MDR-TB patients.
Other researchers have found that patients with heavy alcohol consumption
have a slower rate of sputum culture conversion [249], a higher risk of TB
treatment failure, and death [244, 249, 306]. This is believed to be, because
alcohol users are more likely not to adhere to the TB treatment regimen [250].
However, in our study, patients spent the first months of TB treatment in hos-
pital with DOT and this reason might not fully explain the impact of alcohol
use on our patients.

Other factors that we have analyzed were found to be not as important in
predicting conversion. Low BMI is sometimes associated with a poorer prog-
nosis of TB [280, 281], however some authors find no such association [308].
We did not observe a statistically significant difference in BMI between the
conversion groups among our patients. It should be noted that most previous
studies assess the relationship between BMI and TB treatment outcomes rath-
er than the conversion of sputum culture.

Previously published articles suggested that lower serum albumin levels in
TB patients have been associated with higher in-hospital mortality [283] and
TB treatment failure [278, 279]. In our study, there was no statistically sig-
nificant difference in albumin concentrations between the conversion groups,
although slightly higher albumin concentrations and a lower proportion of
patients with hypoalbuminemia were observed in the conversion groups.

Vitamin D levels have long been known to vary by geographic region
[309], but vitamin D deficiency is more common in patients with TB than in
the general population [270]. In a study of TB patients in Malaysia, vitamin
D deficiency was found in a very small proportion of patients [312], whereas
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in our study, optimal vitamin D levels were found in only four of all patients,
and its concentrations did not affect sputum culture conversion.

To date, we have not found studies evaluating quality of life questionnaires
in TB patients and their association with culture conversion. However, it is
described, that the presence of TB symptoms at diagnosis is associated with a
higher severity of TB [316]. In our study, higher SGRQ scores were observed
in patients in the non-conversion group (with the exception in the MDR-TB
group), although, based on logistic regression analysis, this only had an in-
fluence on the culture conversion in the drug-susceptible TB group. It could
be assumed, that poor quality of life may have been more associated with
advanced TB than other aspects of patients’ life, as the patients who scored
highest on the SGRQ questionnaire also had higher quantity of AFB in spu-
tum microscopy and/or higher radiological spread of the disease.

We found very few studies evaluating the influence of social factors (other
than age and gender) on sputum culture conversion. One study found that
homelessness and injectable illicit drug use did not affect sputum culture con-
version [317]. Another study with MDR-TB patients, examined the influence
of various social factors but found no influence on sputum culture conversion
[318]. Some studies have shown that conversion occurs more slowly in male
patients than in females [233, 319, 320], but other authors, including us, have
found no effect of gender on sputum culture conversion [317]. Some authors
state that older age is associated with slower sputum culture conversion [233,
321], however no effect of age on culture conversion was observed among
our patients.

In general, when evaluating the factors analyzed in our study, it is impor-
tant to note that the study was performed in a hospital where DOT was im-
plemented. This may be relevant in assessing the influence of the described
factors on sputum culture conversion. As an example of alcohol use, a pa-
tient treated in hospital is significantly less likely to continue drinking alcohol
while staying in hospital. It can be assumed that the influence of social factors
is reduced during inpatient treatment when DOT is ensured.

One of the disadvantages of our study is that not all patients in the MDR-
TB group were started on appropriate treatment during the first days in the
hospital and instead got the drug-susceptible TB treatment until the diagnosis
of MDR-TB was confirmed. Genotypic TB diagnostic methods were not yet
used in LUHS at the time of the study; therefore, drug resistance was de-
termined only by phenotypic TB diagnostic methods, which prolonged the
detection time of MDR-TB.
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Influence of inflammatory biomarkers on the sputum culture
conversion in the treatment of drug-susceptible and drug-resistant
tuberculosis

Sputum culture conversion in the overall TB group after the first month of
treatment occurred in 41 patients, did not occurre in 56 patients. No data on
sputum culture conversion was available in 10 patients. After 5 months of TB
treatment no conversion was seen only in 2 patients, both of whom, belonged
to the MDR-TB group. There was no data on sputum culture conversion in 29
patients after 5 months of treatment (due to treatment discontinuation, death,
inappropriate culture material or other causes). Culture conversion after the
first month of TB treatment occurred in 40.4% of patients in drug-susceptible
TB group, 58.3% in mono-/poly-resistant TB group and 39.3% in MDR-TB
group.

CRP values statistically significantly differed between different conver-
sion groups in the drug-susceptible TB and in overall TB groups. Conversion
was estimated to be more frequent (p < 0.05) when normal CRP levels were
detected prior to TB treatment. Higher CRP values were observed when spu-
tum culture conversion did not occur.

Prior to TB treatment, suPAR concentrations were found to be significant-
ly higher in patients who did not undergo sputum culture conversion after
the first month of treatment in the overall TB group. There were no statisti-
cally significant differences in SICAM-1 concentrations between conversion
groups.

Due to the relatively small groups of TB patients, only drug-susceptible
TB and the overall TB group were used for further statistical calculations,
however CRP, sSICAM-1, suPAR concentrations did not appear to have in-
fluenced sputum culture conversion after the first or the fifth month of TB
treatment.

Discussion

CRP is probably one of the most studied biomarkers in active pulmonary
TB, however its role in predicting sputum culture conversion is still debata-
ble. According to some authors, high CRP values may be associated with later
sputum culture conversion [325, 326], but other authors do not observe such
association [260]. In our study we found that although there was a significant
difference of CRP concentrations between the different conversion groups,
CRP was not useful in predicting sputum culture conversion.

Some authors suggest using more than one biomarker for the monitoring
of TB treatment [8, 37]. We chose to evaluate two other biomarkers along
with CRP: sSICAM-1 and suPAR, since these molecules are considered to be
potential TB biomarkers [178, 179]. According to other authors, SICAM-1
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concentrations are found to be elevated in TB [328] and are found to be high-
er in more severe TB [109].

Data from various authors would suggest that suPAR may have value in
the TB treatment monitoring [35,185] and may predict unsuccessful treat-
ment outcomes [184] . However, in a study of children with TB, no change
in suPAR concentrations was found after two months of TB treatment [187].

However, we were not able to find any published study that would evaluate
the effect of suPAR or sSICAM-1 on sputum culture conversion in TB patients,
so we cannot compare our results in more detail with those of other authors.

Associations of T lymphocyte populations with tuberculosis treatment
outcomes and tuberculosis-induced lung destruction

T lymphocyte populations and tuberculosis treatment outcomes

TB treatment outcomes were assessed separately in the drug-susceptible
TB group (to ensure that the results were not skewed by different treatment
regimens) and in overall TB group. Mono-/poly-resistant and MDR-TB
groups were not evaluated separately due to too small groups.

In the drug-susceptible TB group 53 patients were successfully treat-
ed and 9 had unsuccessful outcomes. Statistically significant differences of
some tested T lymphocyte populations between different treatment outcomes
were found. Higher total lymphocyte counts were observed in patients who
were successfully treated. The following populations of T lymphocytes were
found to be statistically significantly lower in the treatment failure group:
CD3+; CD4+; CD8+; CD4+/CD45RA+/CD27+; CD4+/CD45RA-/CD27+;
CD8+/CD45RA+/CD27-; CD8+/CD45RA+/CD27+; CD8+/CD45RA-/
CD27+; CD8+/CD38-. The percentage of CD4+/CD45RA-/CD27+; CD8+/
CD45RA-/CD27+ and CD8+/CD38- among all T lymphocytes were lower in
the unsuccessful treatment outcome group. However, in a logistic regression
analysis, no population of T lymphocytes was observed to have a statistically
significant effect on the outcome of drug-susceptible TB treatment.

Assessing overall TB group, there were statistically significant differences
between some of T lymphocyte populations among different treatment out-
come groups (CD8+/CD45RA+/CD27+; CD8+/CD45RA+/CD27+; CD4+/
CD45RA+/CD27-; CD8+/CD45RA-/CD27+; CD8+/CD38-; CD8+/CD38+).
However, logistic regression analysis revealed no evidence that any popula-
tion of T lymphocytes affected the outcome of TB treatment.

T lymphocyte populations and sputum culture conversion

In the drug-susceptible TB group, there was a significant difference in the
total percentage of lymphocytes between the different first month conver-
sion groups and some of the tested T lymphocyte populations. Higher lev-
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els of CD8+/CD45RA+/CD27+ and CD8+/CD38- were found in conversion
group. Higher levels of CD4+/CD45RA-/CD27-; CD8+/CD45RA-/CD27-;
CD8+CD38+ were found in non-conversion group. Logistic regression anal-
ysis revealed no evidence that any of the tested T lymphocyte populations
affected sputum culture conversion after the first month of drug-susceptible
TB treatment.

No significant differences in T lymphocyte populations were found be-
tween the conversion groups in the mono-/poly-resistant and MDR-TB
groups.

There was a significant difference of the total number of lymphocytes
between the different conversion groups when assessing overall TB group.
Higher lymphocyte counts were observed in patients with sputum culture
conversion after 1 month of treatment than in those without conversion.
Significant differences in T lymphocyte populations between conversion
groups in overall TB group were observed in CD8+CD45RA+CD27+ and
CD8+CD45RA-CD27- populations.

We also performed logistic regression analysis in overall TB group. We
found that if total lymphocyte count exceeded 21.45%. among all leukocytes
before treatment, the probability of conversion was approximately 4-fold
higher. If CD8+/CD45RA-/CD27- exceeded 15.3% among all T lymphocytes
before start of TB treatment, the probability of sputum culture conversion after
1** month of TB treatment decreased approximately 3-fold (RR 3.249, 95% CI
1.267-8.326,p =0.014). CD4+/CD45RA-/CD27- population only influenced
sputum culture conversion in drug-susceptible TB group. The probability of
conversion was reduced 1.16-fold if the CD4+/CD45RA-/CD27- population
exceeded 12.6%. of all T lymphocytes before the start of TB treatment.

Association between T lymphocyte populations and tuberculosis-
induced lung destruction

To assess this objective, TB groups were not grouped by drug resistance. T
lymphocyte population and chest X-ray scale prior to TB treatment and after
5 months of treatment were used.

Table 7 shows the statistically significant correlations between baseline
X-ray scale score and T lymphocyte populations, total lymphocyte counts.
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Table 7. Statistically significant correlations between baseline X-ray scale
and the lymphocyte populations in the overall tuberculosis group

Lymphocyte (sub)population Correlation with X-.ray scale score

(Spearman correlation coefficient)
Total lymphocyte count (x10°/1) —0.355
Total lymphocyte count (%) —0.625
CD3+ (x10%/1) —0.433
CD3+ (%) —0.404
CD4+ (x10°/1) -0.419
CD8&+ (x10°/1) —0.411
CD4+/CD45RA-/CD27+ (%) 0.265
CD4+/CD45RA-/CD27- (x10°/1) -0.334
CD4+/CD45RA-/CD27+ (x10°/1) —0.493
CD8+/CD45RA-/CD27+ (x10°/1) —0.46
CD8+/CD45RA-/CD27+ (%) -0.229
CD8+/CD38- (x10°/1) —0.478
CD8+/CD38- (%) —0.649
CD8+/CD38+ (%) 0.649

No strong correlations (>0.7) were found between baseline lymphocyte
and X-ray scale scores, but moderate to weak correlations were observed.

A statistically significant correlation was observed less frequently when
comparing the chest X-ray scale score re-evaluated after 5 months and the
baseline results of flow cytometry. Medium strength correlation was observed
between the chest X-ray scale score and total lymphocyte count (%); (—0.408,
p=10.003); CD8+/CD38- (%) (—0.435, p = 0.002); CD8+/CD38+ (%) (0.435,
p =0.002).

No statistically significant correlations were found when comparing the
correlations of the chest radiograph scale after 5 months of treatment and
lymphocyte populations after 5 months.

Discussion

The T lymphocyte response can be described in detail by evaluating T
lymphocyte phenotypes in peripheral blood [176]. Some researchers choose
to test in vitro stimulated lymphocytes to assess specific response to TB [329],
but we decided to investigate non-specific populations of T lymphocytes be-
cause these studies would be cheaper and simpler in clinical practice. Studies
with non-specific T lymphocytes in TB are still scarce [176, 330, 331].

The only population of T lymphocytes, which differed statistically sig-
nificantly between the different treatment outcome groups in the overall TB
group, both in absolute count and percentage, was CD8+/CD45RA+/CD27+.
These are naive effector lymphocytes [169, 332]. CD4 + T lymphocytes with
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low CD27 expression have been described to be a biomarker of active TB
[333, 334], and decreasing CD27 expression is believed to indicate that T
lymphocyte differentiation occurs due to antigen exposure [333]. The re-
sults obtained in our study show that CD8+/CD45RA+/CD27+ population
is significantly lower in unsuccessful TB outcomes. Although we have not
demonstrated that baseline counts of CD8+/CD45RA+/CD27+ can affect the
outcome of TB treatment, larger studies may be needed to get more accurate
data.

The emergence of CD38 + is associated with the activation of cellular
immunity [335]. There is evidence that after the recovery from TB, the num-
ber of MT-specific T lymphocytes expresing CD38 decreases [174]. In our
study, there was no significant difference in lymphocyte populations express-
ing CD38 between treatment outcome groups. However, a higher proportion
of CD8+/CD38+ was found in the unsuccessful outcome group. This is con-
sistent with the changes observed in active TB infection with MT specific
lymphocytes found by other authors [174].

We also attempted to evaluate the potential effect of T lymphocyte popu-
lations on sputum culture conversion after the first month of treatment. CD27
and CD45RA are expressed in naive, early-differentiation effector T lympho-
cytes, and decreasing CD27 expression indicates ongoing T-lymphocyte dif-
ferentiation [333]. We did not find studies evaluating the effect of expression
of these markers on nonspecific TB lymphocytes and their influence on spu-
tum culture conversion.

When assessing the correlation of T lymphocyte populations with TB-in-
duced lung destruction (via the X-ray scale proposed by Ralph at al. [287])
prior to treatment, statistically significant correlations were found. The highest
correlations were between the total percentage of lymphocytes and the popu-
lations of CD8+/CD38+ and CD8+/CD38-. These findings would support the
observations by other authors that a higher number of CD38 + lymphocytes
is detected in the presence of active TB disease (and thus probably greater
destruction in the lungs) [176]. As the number of lymphocytes decrease, the
chest X-ray scale score increases, which also illustrates that suppression of
cellular immunity occurs during active TB [143]. We have not found any
other study in the available literature comparing populations of nonspecific T
lymphocytes with the radiological symptoms of active pulmonary TB, so we
cannot compare the results of this study with others.
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CONCLUSIONS

. The risk of sputum culture non-conversion after the first month of tu-
berculosis treatment increased in smokers who have been smoking
for more than 20 pack-years. Alcohol use influenced sputum culture
conversion in multidrug-resistant tuberculosis group: sputum culture
non-conversion risk was higher in alcohol users. We found no associa-
tion between sputum culture conversion and social factors, body mass
index and quality of life.

. Resistance to rifampicin was identified in 28.7% patients and these pa-
tients had the risk of sputum culture non-conversion increased 39-fold.
When resistance to new anti tuberculosis drugs was determined only
1 case of partial resistance to bedaquiline and no resistance to linezolid
and clofazimine was found.

. The greater the radiographic spread of lung injury and the more acid-
fast bacilli in sputum before the start of tuberculosis treatment, the less
likely possibility of sputum culture conversion after first month of TB
treatment.

. Sputum culture conversion occurred more frequently when C reactive
protein (CRP) was not elevated before the start of tuberculosis treat-
ment. No association between sputum culture conversion and inflam-
mation biomarkers (CRP, SICAM-1, suPAR) before the start of tuber-
culosis treatment was found. No association between pre-treatment
albumin, vitamin D blood levels and sputum culture conversion was
found.

. Significant associations between total lymphocyte count, CD8+/
CD45RA-/CD27- population and sputum culture conversion rates
after first month of TB treatment were observed. The size of CD4+/
CD45RA-/CD27- population had an influence on sputum culture con-
version in drug susceptible TB group. We found significant correlati-
ons between CD3+, CD4+, CD8+, CD4+/CD45RA-/CD27+, CD4+/
CD45RA-/CD27- , CD8+/CD45RA-/CD27+, CD8+/CD38-, CD8+/
CD38+ T lymphocyte populations and radiographic spread of lung in-
jury, however there was no association between T lymphocyte populati-
ons and tuberculosis treatment outcomes.
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PRACTICAL RECOMMENDATIONS

. Based on the available data, we recommend a rapid genotypic test for
tuberculosis mycobacteria in all cases of high radiographic spread of
tuberculosis and high levels of acid-fast bacteria (AFB) in sputum. This
allows the rapid start the appopriate treatment.

. Even though resistance to new tuberculosis drugs is currently prac-
tically not detected in Lithuania, based on data from other countries,
resistance to these drugs is gradually increasing, so it is appropriate
to continue resistance testing for these drugs during the treatment of
drug-resistant tuberculosis.

. The most important factors in predicting sputum culture conversion are
the radiographic spread of lung injury and the number of AFB found in
the sputum prior to initiating tuberculosis treatment. Inpatient tubercu-
losis treatment and appropriate infection control measures are necessa-
ry for these patients.

. We believe that the X-ray score proposed by Anna P Ralph et al. could
be useful in clinical practice in objectifying and monitoring the radiolo-
gical spread and treatment efficacy of TB.

. Patients with pulmonary TB should be encouraged to refrain from smo-
king and alcohol use as these harmful habits are linked to poorer treat-
ment outcomes.

. Inflammatory biomarkers suPAR, sSICAM-1, may not be useful in cli-
nical practice to predict sputum culture conversion after the first month
of TB treatment.

. Meassuring nonspecific T lymphocyte populations was not more useful
than measuring total lymphocyte count, therefore, we believe that these
tests are unlikely to be useful in clinical practice. More detailed studies
with larger study groups would be required to confirm these results.
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Objective: The aim of this study was to determine what factors are associated with sputum
culture conversion after 1 month of tuberculosis (TB) treatment.
Materials and methods: A total of 52 patients with new drug susceptible pulmonary TB were
included in the study. Patients completed St. George respiratory questionnaire (SGRQ), they
were asked about smoking, alcohol use, living conditions and education. Body mass index
(BMI) measurements, laboratory tests (C reactive protein [CRP], vitamin D, albumin) were
performed, and chest X-ray was done. After 1 month of treatment sputum culture was
repeated.
Results: Culture conversion after 1 month of treatment was found in 38.5% cases. None of
investigated social factors appeared to have an effect on conversion, but worse overall
health status (as reported in SGRQ) and longer duration of tobacco smoking were detected in
the “no conversion” group. Concentrations of albumin, CRP, X-ray score and the time it took
Mycobacterium tuberculosis culture to grow also differed. Patients who scored 30 or more on
SGRQ were more than 7 times as likely to have no conversion. However, the most important
factor predicting sputum culture conversion was sputum smear grade at the beginning of
treatment: patients with grade of 2+ or more had more than 20-fold higher relative risk for no
conversion. Using receiver operating characteristic curve analysis, we also developed a risk
score for no conversion.
Conclusions: The most important factors in predicting sputum culture conversion after 1
month of treatment were grades of acid-fast bacilli in sputum smears at time of diagnosis
and scores of SGRQ.
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1. Introduction

According to the European Centre for Disease Prevention and
Control (ECDC), Lithuania is still a high tuberculosis (TB)
priority country [1] and, although the prevalence of TB is
slowly decreasing, in 2015 there were still 41.89 new TB cases
per 100000 population [2]. Among those 11.5% were multi
drug-resistant TB (MDR-TB) [2]. The prevalence of human
immunodeficiency virus (HIV) infection in Lithuania was 4.8
per 100 000 population (2014) [3] and the main AIDS-defining
illness was TB [4].

It is well known that TB is not only a medical condition but
also a social problem. Patients diagnosed with TB are
contagious and, at least at the beginning of treatment, are
kept in hospitals where they are separated from their family,
work and social life. It is a national policy to keep patients
isolated until they become culture negative.

In the national guidelines [5] it is recommended that
sputum smears and culture should be repeated after two
months of treatment. Sputum smear conversion at this time is
believed to be one of the best biomarkers for prognosis of
treatment success without the probability of relapse in the
future [6-8]. However, two months of isolation in hospital can
make a significant impact on professional or personal life of a
TB patient.

According to the previously published studies, the presence
of cavitary TB disease appears to be associated with an
increased time to sputum smear conversion [9]. It is assumed
that cavitation is related to a higher grade of bacteria in the
lungs. Other studies also found different factors that are
associated with sputum culture conversion. It was shown that
culture conversion could be influenced by history of smoking
[10], body mass index (BMI) [11], sputum smear grade before
the treatment [12], vitamin D concentration [13], albumin
concentration [14] and various social factors [15].

In this study we performed the microbiological testing after
1 month of treatment and aimed to determine what factors
were associated with faster sputum culture conversion in
cases of pulmonary TB.

2. Materials and methods

The study was carried out in one of the largest TB hospitals in
Lithuania. Approximately 95% of patients treated here are
from Kaunas district, which is the second largest district in
Lithuania and constitutes around 12.4% of Lithuania's territory
and 20% of population. Only adults are treated in our hospital
and directly observed treatment (DOT) is fully implemented as
the staff ensures that patients are taking their medication
seven days a week.

From November 2015 all patients with first-time diagnosis
of pulmonary TB, meeting no exclusion criteria (significant
morbidity due to other illnesses (e.g. cancer, autoimmune
diseases, renal insufficiency); HIV positive; pregnant or
breastfeeding) were asked to participate in this clinical trial.
We selected these exclusion criteria to avoid the variability of
laboratory tests and radiological changes, caused or influenced
by other diseases, except TB. There were no patients with
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diabetes mellitus in our study group. During the period of one
year (up to November 2016) 96 patients were included in the
study, and 52 of them with drug susceptible pulmonary TB
were analyzed in this article. Upon inclusion, acid-fast bacilli
(AFB) had to be found in sputum with Ziehl-Nielsen histochem-
ical reaction or positive Mycobacterium tuberculosis culture in
MGIT BACTEC had to be detected. Selection process can be
seen in Fig. 1. Two of sputum smear positive patients later
were confirmed to have atypical mycobacteriosis and were
excluded from the study. All patients in this study, eventually
were bacteriologically confirmed to be infected with M.
tuberculosis on MGIT BACTEC culture.

Quality control of smear microscopy was performed by the
Central Tuberculosis Reference Laboratory. AFB smear positive
results were as per World Health Organization/International
Union Against Tuberculosis and Lung Disease grading:
“scanty” with of 1-9 AFB per 100 oil immersion fields; “1+”
with 10-99 AFB per 100 oil immersion fields; “2+” with 1-10
AFB per 1 oil immersion field and “3+” with >10 AFB per oil
immersion field. All TB patients were offered rapid HIV testing
foreseen in the National guidelines [3,5]. None declined to be
tested. If a patient was found to be HIV positive, he/she was
excluded from the trial.

Before the initiation of the TB treatment postero-anterior
chest X-ray was done, patients completed St. George respira-
tory questionnaire (SGRQ) and answered the question about
their overall health status (multiple-choice question with 5
possible answers: “very good”, “good”, “average”, “bad”, and
“very bad”) in the Lithuanian (native) language, they were
asked about smoking habits, alcohol use, occupation, living
conditions (rural or urban residence; family status) and
education. The result of SGRQ was calculated using a program
provided by St George's University of London. Body mass index
(BMI) measurement, and laboratory tests from peripheral
blood (C reactive protein (CRP), vitamin D, and albumin) were
performed before the start of TB treatment. Pack-years of
cigarette smoking were calculated based on the interview with
a patient (by multiplying the number of packs of cigarettes
smoked per day by the number of years the person has been
smoking). Chest X-ray was evaluated by an experienced
radiologist and the score of disease spread was calculated
according to the method described by Ralph et al.: presence of
baseline cavitation and the total percentage of lung affected
were recorded and a score was calculated (CXR score = propor-
tion of total lung affected (%) + 40 if cavitation is present) [16].
CRP, albumin and vitamin D testing was performed at the
hospital of Lithuanian University of Health Sciences Kaunas
Clinics, an externally quality-assured laboratory. We defined
vitamin D values 70-250 nmol/L as optimal; 51-69 nmol/L, as
insufficient, and below 50 nmol/L, as deficient. Reference
values for CRP were 0-7.5 mg/L and for albumin, 35-48 g/L.

After 1 month of in-hospital DOT, sputum microscopy,
sputum culture and CRP were repeated.

Statistical analysis was performed using SPSS version 23.0
for Windows (Statistical Package for the Social Sciences,
Chicago, IL, USA). The following descriptive statistics were
reported: proportions with their 95% confidence intervals for
dichotomous variables and medians with their interquartile
ranges (IQR) for continuous variables. Categorical variables
were evaluated using the Pearson x? test. Comparisons of
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continuous variables between “conversion” and ‘“no-conver-
sion” group were made using Mann-Whitney U test, as there
were relatively few observations. P <0.05 was considered
statistically significant. Binary logistic regression was per-
formed with dichotomous variables (continuous variables
were transformed to categorical variables by splitting them
into two groups with the median being a cut-off value).
Dichotomous variables that had P < 0.1 were entered into the
logistic regression model.

All patients were examined as part of a clinical research
protocol approved by regional bioethics committee and
informed written consent was obtained from all partici-
pants. All TB patients received the standardized TB
treatment regimen in line with national TB treatment
guideline [5] (isoniazid, rifampicin, ethambutol, pyrazina-
mide for 2 months, later continuing isoniazid and rifampi-
cin for four months, with doses adjusted according to their
weight).

3. Results

Culture conversion after 1 month of treatment was seen in 20
(38.5%) cases. Conversion after 1 month of treatment was
confirmed by repeated sputum culture test after two months of
treatment (at least 30 days apart).

Of the 52 patients, 40 (76.9%) were men. All were Lithuanian
born, and there were no immigrants. None admitted to using
any illicit drugs. Most had a place to live and only one was

homeless. Other characteristics of the two groups can be seen
in Table 1.

Two groups (those who converted, and those who did not)
are relatively small, and we found no statistically significant
difference of age, sex or BMI. BMI ranged from 16.56 to 34.05 kg/
m?, with 9 (15.4%) patients being overweight and 6 (11.5%)
underweight (BMI <18.5). We did not detect any effect of BMI
on sputum culture conversion. However, there were statisti-
cally significant differences in albumin concentrations (as
seen in Table 1). Albumin concentration was significantly
lower (P < 0.05) in patients, who did not convert at the end of 1
month of treatment. Vitamin D concentrations between two
groups did not differ in a statistically significant way. Vitamin
D levels ranged from 17.8 to 73.9 (mean, 43.387; SD, 2.01).
Findings were abnormal in most of our patients: 51 patient
(98.1%) had insufficient values of vitamin D. Out of those, 36
had deficient values (below 50 nmol/L). Only one patient had
normal value of vitamin D before treatment initiation.

None of the investigated social factors (education, occupa-
tion, area of residence, family status or previous alcohol
consumption) appeared to influence culture conversion.
However, those with no conversion had higher scores on
SGRQ (P <0.05), and, in the same questionnaire, reported
worse overall health status (Table 1). Patients with long history
of tobacco smoking (20 pack-years or more) also converted less
frequently (P = 0.046).

It was detected that concentration of CRP in blood plasma
and CRX score were higher in the group with no sputum
culture conversion (P <0.05). Other finding that varied
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Table 1 - Sociodemographic, clinical and laboratory characteristics by conversion status after 1 month of treatment.

Characteristics Conversion group No-conversion group P value
(n=20) (n=32)
Sex 0.677°
Male 16 (40.0) 24 (60.0)
Female 4 (33.3) 8 (66.7)
Age, median (IQR), years 36 (29-45) 37 (32.6-46.5) 0.587%
Age, years 1.0°
<45 10 (38.5) 16 (61.5)
>45 10 (38.5) 16 (61.5)
BMI, kg/mZ, median (IQR) 22.37 (19.89-24.06) 22.21 (19.94-23.24) 0.837%
BMI, kg/m? 0.895"
<22 9 (37.5) 15 (62.5)
>22 11 (39.3) 17 (60.7)
Area of residence 0.070°
Urban 12 (52.5) 11 (47.6)
Rural 8 (27.6) 21 (72.4)
Family status 0.930”
Single 11 (37.9) 18 (62.1)
With family/partner 9 (39.1) 14 (60.9)
Occupation 0.508°
Employed 10 (43.5) 13 (56.5)
Unemployed/retired 10 (34.5) 19 (65.5)
Education 0.284°
High school or lower 10 (32.8) 21 (67.7)
Higher education 10 (47.6) 11 (52.4)
Health status (self-reported) 0.007°
Very good, good 11 (64.7) 6 (35.3)
Average, bad, very bad 9 (25.7) 26 (74.3)
SGRQ score, median (IQR) 22.13 (4.03-29.05) 32.79 (26.17-47.86) 0.009"
SGRQ score 0.008"
<30 15 (53.6) 13 (46.4)
230 4(17.4) 19 (82.6)
Tobacco smoking history 15 (75) 28 (87.5) 0.246°
Pack-years of tobacco smoking, median (IQR) 12.5 (5-16) 20 (5-25) 0.330%
Pack-years of tobacco smoking 0.046°
<20 15 (50.0) 15 (50.0)
>20 5 (22.7) 17 (77.3)
Alcohol consumption 0.963"
2-3 times/week or more often 7 (38.9) 11 (61.1)
Less often 13 (38.2) 21 (61.8)
Sputum smear grade <0.0001°
3+ 0 21 (65.6)
2+ 5 (25) 5 (15.6)
1+ 3(15) 4(12.5)
Scanty 4 (20) 2 (6.3)
0 8 (40) 0
Sputum smear grade <0.0001°
<2+ 15 (71.4) 6 (28.6)
>2+ 5 (16.1) 26 (83.9)
CRP, median (IQR), mg/L 2.16 (1-7.8) 18.07 (5.57-41.32) 0.001*
CRP, mg/L 0.027°
<30 15 (51.7) 14 (48.3)
>30 5 (21.7) 18 (78.3)
Albumin, median (IQR), g/L 36 (28-39) 25.5 (24-35) 0.012°
Albumin, g/L 0.046°
<35 5 (22.7) 17 (77.3)
>35 15 (50.0) 15 (50.0)
Vitamin D, median (IQR), nmol/L 35.2 (24.5-43.5) 29.35 (24.58-38.55) 0.342°
Vitamin D, nmol/L 0.136”
<41 7 (28.0) 18 (72.0)
>41 13 (48.1) 14 (51.9)
1st culture, median (IQR), days required to grow 14 (10-30) 9.5 (7-16.5) 0.015%
1st culture, days required to grow 0.031°
<10 4(20.0) 16 (80.0)
>10 16 (50.0) 16 (50.0)
CRX score, median (IQR) 53.33 (8.33-58.33) 95.83 (74.16-109.16) <0.001%

137



390 MEDICINA 53 (2017) 386-393

Table 1 (Continued)

Characteristics Conversion group No-conversion group P value
(n=20) (n=32)
CRX score <0.001°
<80 12 (70.6) 5 (29.4)
>80 3 (16.7) 5 (83.3)

Values are number (percentage) unless noted otherwise.
# Mann-Whitney U test.
b pearson chi-square test.

IQR, interquartile range; BMI, body mass index; SGRQ, St. George respiratory questionnaire; CRP, C reactive protein; CXR score, proportion of

total lung affected (%) + 40 if cavitation is present.

Table

Binary logistic regression analysis (stepwise selection) for factors associated with sputum culture conversion after

1 month of tuberculosis treatment (classification, 82.4% correct).

Factor

SGRQ total score (<30/230)
Tobacco smoking (<20 pack-years/>20 pack-years)
Sputum smear grade before treatment (<2+/22+)

OR, odds ratio; CI, confidence interval; SGRQ, St. George respiratory questionnaire.

significantly between the two groups was the number of days
it took the culture to grow - in the conversion group it took
longer time period for M. tuberculosis to grow in liquid medium.

As seen in Table 2, the most important factor determining
conversion after 1 month was the sputum smear grade before
the start of treatment. As presented in Table 1, none of the
patients, having smear grade of 3+ converted after 1 month of
treatment, and those who had grade of 2+ or more were 20.808
times as likely not to convert after 1 month (P < 0.001) (Table 2).
The score of SGRQ can also be used in the model predicting
sputum culture conversion - patients who scored 30 or more
on SGRQ before the start of treatment were 7.104 times as
likely not to convert after the first month of treatment
(P =0.026). Tobacco smoking for 20 or more pack-years was
also included in the regression model (Table 2); nonetheless,
this factor did not appear to be statistically significant
(P =0.061).

We also tried to develop a no conversion risk score using
the factors found to have an influence on culture conversion
after 1 month of treatment. We constructed this score based
on odds ratios of logistic regression (Table 2): if the patient
scored 30 or more points on SGRQ, 7 points were allocated to
no conversion risk score, and if he/she scored less on SGRQ, 0
points; in the patient was smoking for 20 or more pack-years, 5
points onrisk score, and if less, 0 points; if sputum smear grade
before the treatment initiation was 2+ or more, the patient got
21 points on risk score, and if less, 0 points. The minimum and
maximum number of points was 0 and 33, respectively. The
ROC curve is presented in Fig. 2.

Using the ROC curve, a cut-off value of 16.5 could
discriminate no conversion with a sensitivity of 81.3% and a
specificity of 75% (positive predictive value 83.88%, negative
predictive value 71.48%).

OR (95% CI) P value
7.104 (1.262-39.992) 0.026
5.191 (0.926-29.102) 0.061
20.808 (3.774-114.717) <0.0001
ROC Curve

10

08

0.2

oo T T T T 1

an 02 04 06 )] 1.0
1 - Specificity

Fig. 2 - Receiver operating characteristic (ROC) curve
analysis for sputum culture conversion, based on a
developed score using SGRQ score, pack-years of smoking
and sputum smear grade before the initiation of treatment.
A ROC curve analysis was performed to investigate
whether this score is able to predict the culture conversion.
The corresponding area under the curve (AUC) value is 0.87
and the 95% confidence Interval (CI) is 0.773-0.968.
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4. Discussion

We have identified that there are some factors which may
contribute toward predicting sputum culture conversion event
after 1 month of treatment, the most significant of them being
sputum smear grade and SGRQ score before TB treatment
initiation. The present study highlights that these findings can
also have a practical application - there may be no need to
repeat bacteriological testing in high smear grade patients
after the first month of treatment, because of the unlikely
event of sputum culture conversion. Our findings are
comparable to those in the study of Mesquita et al. [17] that
has shown a strong association between higher pre-treatment
mycobacterial loads and higher risk for culture positivity at
day 60 of treatment.

Another factor in predicting culture conversion was found
to be a smoking history (smoking for more than 20 pack-years).
It is known, that tobacco smoking is an important risk factor
for TB [18]. Previous studies have also shown that tobacco
smoking is associated with a considerably increased risk of
advanced and more severe disease in the form of lung
cavitations, positive sputum smear and culture results, and
slower smear and culture conversion after initiation of
treatment [18]. Other factors, such as CRP and albumin
concentrations can also have a role in bacteriological outcome
after 1 month of treatment. Previous studies have shown
similar results: highest concentrations of CRP were found in
patients with severe TB disease [19,20], lower albumin
concentrations were associated with higher in-hospital
mortality [21].

Practical application of vitamin D testing in TB patients is
still debatable. There are conflicting evidence of vitamin D
supplementation as an adjunct therapy of TB [22]. In the
study of Tukvadze et al. a high-dose vitamin D3 regimen
given to the patient with insufficient vitamin D concentra-
tions safely corrected the deficiency, but did not improve the
rate of Mycobacteria clearance from sputum in pulmonary TB
cohort [23]. Similar results were demonstrated in other
studies [24,25]. However, others have found that vitamin
D significantly shortens time to culture conversion in
patients with the tt genotype of the Taqgl vitamin D receptor
polymorphism [26] and serum concentrations of vitamin
D were significantly lower in multidrug-resistant TB (MDR-
TB) patients, furthermore they inversely correlated with time
to sputum smear conversion [27]. Most of our patients had
insufficient values of vitamin D. Although, vitamin D con-
centration was higher in the conversion group of our study,
this difference was not statistically significant. It is stated
that vitamin D deficiency might be a risk factor for TB
development [28], however, similar tendencies of vitamin
D deficiency are seen in our yet unpublished results with
pneumonia patients.

In the current literature we were able to find only one
validated chest X-ray score for pulmonary TB, which could be
used in monitoring radiological changes in the lungs during
the course treatment. In the study of Ralph et al. [16] this X-ray
score was associated with baseline sputum smear grade. In
patients with unfavorable outcomes this score was higher
than in those with favorable outcomes. While using this score
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in our study, statistically significant differences were found in
the two study groups, however more data are still needed to
broaden our understanding in its practical use.

We found no studies evaluating quality of life question-
naires or SGRQ and its association with culture conversion. In
our study statistically significant differences between conver-
sion and no-conversion groups were shown, with lower scores
of SGRQ and better overall health status more common in the
conversion group.

Also, there were factors which did not appear to influence
culture conversion. We found no difference of BMI between
our study groups. There were previous studies on associations
between BMI and TB mortality, but results of those were
inconsistent [29,30]. Some studies found that lower BMI was
associated with higher mortality among TB patients [31], one
found no such association [29], and one - that overweight was
associated with a lower mortality rate [32]. There are still few
studies on BMI association with culture conversion, but most
are done with MDR-TB patients [11].

Though previous studies state that excess alcohol use in TB
patients is associated with greater mortality, lower rates of
sputum culture conversion [33] and poor TB treatment
outcomes [34], we found no statistically significant difference
of alcohol consumption between conversion and no-conver-
sion groups in our study.

We believe that one of the strengths of our study is it being
prospective study of in-hospital patients on DOT. There is no
doubt that patients were taking their medication and were not
missing doses. All of them were in the same environment and
were treated according to the same methodology. However, it
cannot be assumed that the same results would be found if
patients were taking medication in the community. All
patients admitted to our hospital in the year the study was
carried out were asked to participate, and study population
can represent the population of TB patients in Kaunas district.
One of the weaknesses of this study was relatively small
enrollment numbers. However, it is still ongoing and more
data will be available later.

5. Conclusions

According to the findings of our study, there are several factors
that can be used in predicting culture conversion in pulmonary
TB patients after 1 month of treatment. Most important of
them were grades of acid-fast bacilli in sputum smears and
scores of SGRQ.
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ARTICLE INFO ABSTRACT

Keywords: Analysis of inflammatory biomarkers and lymphocytes during the treatment of tuberculosis (TB) could yield
SICAM-1 findings that influence the routine clinical practice and use of new anti-TB drugs. This study aimed to evaluate
suPAR

whether the selected biomarkers—soluble intercellular adhesion molecule type 1, soluble urokinase-type plas-
Tuberculosis

Sputum culture conversion
Flow cytometry

minogen activator receptor (suPAR), and C-reactive protein (CRP)—and T-cell subpopulations are useful for
predicting culture conversion, treatment outcomes, and the extent of radiological lesions (calculated using X-ray
score) in patients with drug-sensitive pulmonary TB. This study included 62 patients with drug-sensitive pul-
monary TB. CRP and suPAR levels significantly decreased after 1 month of treatment. Before treatment initiation,
CRP and suPAR levels were significantly higher in patients without culture conversion; however, none of the
selected host biomarkers appeared to significantly influence the conversion status or treatment outcomes. Some
lymphocyte subpopulations were correlated with X-ray scores before TB treatment initiation, but lung destruc-
tion, as determined using X-ray scores, showed the highest correlation with the baseline CRP value. We conclude
that selected host biomarkers have a very limited role in predicting TB treatment outcomes and culture con-
version and do not appear to be superior to CRP in monitoring TB treatment.

1. Introduction Studies on the use of single host biomarkers for assessing TB therapy

have repeatedly demonstrated poor sensitivity and specificity [3]. We

The discovery of tuberculosis (TB) biomarkers could influence
routine clinical practice by helping clinicians to assess patients’ response
to anti-TB treatment and confirm the sterilizing activity of the drugs, and
could thus help shorten clinical trials or even indicate new clinical
endpoints [1-3]. Current TB treatment monitoring relies heavily on
culture conversion. However, this approach is time consuming because
of the slow growth of Mycobacterium tuberculosis. New biomarkers, if
found, could help in the prognosis of TB treatment and the decision to
modify treatment. Results of our previous study suggested that several
factors could be used to predict sputum culture conversion in pulmonary
TB after 1 month of treatment [4]. In this study, we investigated whether
biomarkers of the host’s immune response are useful in predicting pul-
monary TB treatment outcomes and sputum culture conversion.

hoped that the use of a combination of biomarkers could improve the
prediction of TB outcomes. After analyzing the available literature, we
selected several immune biomarkers for this study [1,2,5,6]. The first
selected biomarker was soluble intercellular adhesion molecule type 1
(sICAM-1), which is reportedly a sensitive biomarker for evaluating the
action of anti-TB drugs. Levels of SICAM-1 were higher in patients with
TB than in those with certain other pulmonary diseases [6].

The second selected biomarker was C-reactive protein (CRP), a
widely studied acute-phase protein that is produced in the liver and can
opsonize pathogens and facilitate phagocytosis [3]. Studies have shown
that CRP levels decrease within the first few days of anti-TB therapy [7].
High baseline CRP levels are also associated with worse TB treatment
outcomes [8].
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The third selected biomarker was urokinase-type plasminogen acti-
vator receptor (uPAR), which is mostly expressed by monocytes and
macrophages and is involved in cell motility and adhesion [3]. Levels of
a soluble form of uPAR, suPAR, were shown to be elevated in active TB
and were correlated with the number of acid-fast bacilli in sputum [9].
Compared with CRP, suPAR has not been widely studied in pulmonary
TB. Several studies have shown that suPAR may be useful in the prog-
nosis and differentiation of TB [10-14].

We also measured T-cell subpopulations. A better understanding of
T-cell mechanisms is vital for developing vaccines and new therapies
[15]. The cellular immune response plays a crucial role in controlling M.
tuberculosis replication [16]: CD4 T cells help control primary
M. tuberculosis infection and granuloma formation [17], whereas CD8 T
cells help inhibit TB reactivation [18]. CD45RA is a marker of naive T-
cell subsets that is also expressed on the CD4 and CD8 effector cells.
After antigen exposure, memory T cells stop expressing CD45RA [19].
CD4 T cells with low expression of CD27 have been described as a
biomarker of active TB [20]. Decreased CD27 expression may indicate
that differentiated effector T cells are appearing as a result of antigen
encounter [20]. CD38, one of the activation markers on M. tuberculosis-
specific CD4 T cells [21], is believed to modulate inflammatory gene
expression in helper T cells. This is because CD38 ligation results in the
secretion of interferons, secretion of interleukins 6 and 10, and over-
expression of CD38 on lymphocytes, which is a predictor of CD4" T-cell
depletion [22].

We studied whether changes in these selected biomarkers are useful
in predicting culture conversion, treatment outcomes, and the extent of
radiological lesions in drug-sensitive pulmonary TB.

2. Methods
2.1. Study population and design

This prospective study was conducted in Romainiai Tuberculosis
Hospital, a branch of Hospital of Lithuanian University of Health Sci-
ences Kauno Klinikos, Kaunas, Lithuania. Approximately 95% of the
patients (adults only) treated in this hospital are from the Kaunas region.
Directly observed treatment (DOT) is fully implemented; the staff ensure
that patients with TB take their medications 7 days a week.

The clinical research protocol was approved by Kaunas Regional
Biomedical Research Ethics Committee (BE-10-9 2015-10-09) and
informed written consent was obtained from all participants. All patients
received the standardized TB treatment regimen in line with national
and World Health Organization TB treatment guidelines (isoniazid,
rifampicin, ethambutol, pyrazinamide for two months, then isoniazid
and rifampicin for four months, doses adjusted according to the body
weight). TB drugs were distributed every day by hospital nurses, who
ensured that all patients, including ambulatory patients, swallowed the
drugs. There were no shortages of the TB drugs during the study.

Based on the standard finite sample size calculation formula, we
determined that a sample size of 55 was needed for this study. From
November 2015 to November 2017, we assessed 110 patients with new
pulmonary TB diagnosed for the first time in their lives. Exclusion
criteria were significant morbidity due to other illnesses (e.g., cancer,
autoimmune diseases, diabetes mellitus, and renal insufficiency) and
human immunodeficiency virus positivity. Pregnant or breastfeeding
women were excluded, as were patients in whom drug-resistant TB was
diagnosed. The final study population included 62 patients, in whom
drug-susceptible pulmonary TB was diagnosed. Inclusion required acid-
fast bacilli to be observed in sputum using Ziehl-Nielsen staining or
sputum culture positivity for M. tuberculosis. All TB cases were confirmed
bacteriologically (BACTEC system, Middlebrook media; BD, Franklin
Lakes, NJ, USA). All included patients were treated in the hospital for at
least 1 month. Treatment was continued until either treatment success
or patient’s death. Length of treatment was 6-7 months (7-month
treatment was administered if sputum showed no microscopic
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conversion after 2 months of treatment, as per national guidelines).

After enrollment in the study and before TB treatment initiation,
standard posteroanterior chest X-rays were obtained and blood labora-
tory tests (CRP, flow cytometry, suPAR, and SICAM-1) were performed.
Chest X-rays were evaluated by an experienced radiologist, and the score
of disease extension was calculated according to the method described
by Ralph et al. (percentage of lung affected plus 40 if cavitation was
present) [23].

After 1 month of DOT in the hospital setting, sputum microscopy and
culture and CRP, sICAM-1, and suPAR tests were repeated. Sputum
culture conversion after 1 month of treatment was confirmed via a
second negative culture 30 days later (after 2 months of treatment).
Patients were assigned to one of two groups (conversion or non-
conversion) after 1 month of TB treatment.

Five months after treatment initiation, sputum microscopy and cul-
ture were repeated and CRP, sSICAM-1, and suPAR levels were remeas-
ured. Flow cytometry and posteroanterior chest X-rays were repeated as
well. Outcomes were recorded 1 year after treatment initiation: suc-
cessful (treatment completion and cure) and unsuccessful (death). No
patients experienced treatment failure (defined as a patient who is
sputum smear or sputum culture positive at 5 months or later after the
initiation of anti TB treatment). One patient was lost to follow-up; the
data for that patient were not included in the analysis of treatment
outcomes.

2.2. Laboratory testing

Laboratory testing was performed at the hospital of Lithuanian
University of Health Sciences Kauno klinikos. AFB smear positive results
were confirmed as per WHO/International Union Against Tuberculosis
and Lung Disease grading: “scanty” with of 1-9 AFB per 100 oil im-
mersion fields; “1+” with 10-99 AFB per 100 oil immersion fields; “2+"
with 1-10 AFB per 1 oil immersion field and “3+" with > 10 AFB per oil
immersion field.

Peripheral blood for ELISA assays was collected into plain BD
Vacutainer tubes (BD, USA), centrifuged at 1600xg for 15 min. Sera were
separated from the blood, aliquoted and stored at — 70 °C temperature
until analysis. Serum suPAR was assessed using commercial kits Human
suPAR ELISA (BioVendor — Laboratorni medicina, Czech Republic) ac-
cording to manufacturer’s instructions. Lower detection limit was 5.1
pg/mL for suPAR. RayBio Human sICAM-1 ELISA commercial kits
(RayBiotech, USA) with a lower detection limit of 150 pg/ml were used
for assessment of sSICAM-1 in serum. CRP level was detected using
clinical chemistry system Becman Coulter UniCel DxC Synchron 800
(USA). Peripheral blood for flow cytometry and hematology analysis
was collected into BD Vacutainer K3EDTA tubes (BD, USA).

For flow cytometry cell aliquots were directly stained following a
standard procedure with monoclonal antibodies (BD Biosciences Phar-
mingen, USA): anti-human CD3 (FITC, clone UCHT1), anti-human CD4
(PE-Cy™?7, clone SK3), anti-human CD8 (APC-Cy™7, clone SK1), anti-
human CD45RA (PerCP-Cy™S5.5, clone HI100), anti-human CD27
(APC, clone M—T271), anti-human CD38 (PE, clone HIT2). Subse-
quently samples were analysed using FACS Canto flow cytometer (BD
Immunocytometry Systems, USA). Up to 50000 total events were
collected per sample. Data were analysed using FACSDiva software
(Becton Dickinson, USA). The T lymphocyte population was identified
based on SSC and the level of CD3 expression. The number of positive
cells with CD expression was evaluated as a percentage of cells in the T
lymphocyte gate. These T-cell subsets were assessed during analysis:
CD4 + CD45RA + CD27+ (naive); CD4 + CD45RA-CD27+ (memory);
CD4 + CD45RA + CD27-; CD4 + CD45RA-CD27- (memory/effector);
CD8 -+ CD45RA + CD27+ (naive); CD8 + CD45RA-CD27+ (memory);
CD8 + CD45RA + CD27- (cytotoxic effector); CD8 + CD45RA-CD27-
(memory/effector); CD8 + CD38 + CD3+ (activated suppressor/cyto-
toxic); CD8 + CD38-CD3 + . Absolute counts of T-cell subsets were
calculated from total cell counts, enumerated by automated hematology
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system Sysmex XE-5000 (Sysmex Corporation, Japan).

2.3. Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics version
23.0 for Windows (Statistical Package for the Social Sciences, USA). The
following descriptive statistics were reported: proportions with their
95% confidence intervals for dichotomous variables and medians with
their interquartile ranges (IQR) for continuous variables. Comparisons
of continuous variables between groups were made using Mann-
Whitney U test for independent samples, as there were relatively few
observations and no normal distribution. For correlation Spearman’s
coefficient was used. To estimate the risks of non-conversion and death
by biomarker levels, we used logistic regression analysis. We also esti-
mated the association between treatment outcomes, culture conversion
and biomarkers using general linear model for repeated measures. P <
0.05 was considered statistically significant.

3. Results

Of the 62 patients, 48 (77.4%) were male (age range: 22-65 years,
median: 46.5 years) and 14 (22.6%) were female (age range: 21-89
years, median: 48 years). Baseline levels of host biomarkers and T-cell
subpopulations are presented in Table 1.

3.1. Prediction of culture conversion

After 1 month of TB treatment, sputum culture conversion was
observed in 24 patients (38.7%). In other patients, sputum culture
conversion was not observed after 1 month of treatment or adequate
sputum samples could not be produced. Some patients died during the
first month of treatment. Culture conversion was observed in every
patient still alive after 5 months of TB treatment.

Table 1
Baseline levels of biomarkers and T-cell subpopulations in 62 patients with drug-
sensitive pulmonary tuberculosis.

Baseline Characteristics Median [Interquartile range]

CRP, mg/1 39.22 [8.25-98.56]
SICAM-1, ng/ml 59.94 [57.01-65.79]
SuPAR, pg/ml 2621.05 [1898.36-4372.91]

Lymphocytes (N) x10%/1
Lymphocytes (%)

1.53 [1.14-2.15]
19.85 [12.95-26.6]

CD3+ (x 10°/1) 0.99 [0.59-1.50]
CD3+ (%) 66.55 [52.4-71.52]
CD4+ (x 10°/1) 0.64 [0.33-0.85]
CD4+ (%) 63.0 [53.27-70.6]
CD8+ (x 10°/1) 0.34 [0.21-0.55]
CD8+(%) 35.25 [29.03-43.15]
CD4/CD8 1.79 [1.21-2.45]

CD4-+/CD45RA+/CD27- (x 10°/1) 0.0041 [0.0002-0.0179]

CD4+/CD45RA+/CD27- (%) 0.7 [0.07-3.4]
CD4+/CD45RA+/CD27+ (x 10°/1) 0.20 [0.11-0.37]
CD4+/CD45RA+/CD27+ (%) 40.65 [30.55-54.9]
CD4+/CD45RA-/CD27- (x 10°/1) 0.06 [0.03-0.1]
CD4+/CD45RA-/CD27- (%) 11.2 [7.07-16.9]
CD4+/CDRA-/CD27+ (x 10°/1) 0.29 [0.14-0.4]

CD4+/CD45RA-/CD27+(%)
CD8+/CD45RA+/CD27-( x 10°/1)
CD8+/CD45RA+/CD27- (%)

41.6 [35.73-51.05]
0.07 [0.02-0.15]
23.0 [13.25-44.35]

CD8+/CD45RA+/CD27+ (x 10°/1) 0.09 [0.04-0.15]
CD8+/CD45RA+/CD27+ (%) 23.70 [14.7-38.95]
CD8+/CD45RA-/CD27- (x 10°/1) 0.06 [0.03-0.11]

CD8+/CD45RA-/CD27- (%)
CD8+/CD45RA-/CD27+ (x 10°/1)
CD8+/CD45RA-/CD27+ (%)

15.3 [10.18-26.15]
0.08 [0.04-0.12]
22.15 [13.48-30.75]

CD8+/CD38- (x 10°/1) 0.27 [0.17-0.5]
CD8+/CD38- (%) 83.35 [70.45-90.57]
CD8+/CD38+ (x 10°/1) 0.05 [0.02-0.1]

CD8+/CD38+ (%) 16.65 [9.42-29.55]
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Before treatment initiation, CRP (p = 0.003) and suPAR (p = 0.01)
levels were significantly higher in the nonconversion group than in the
conversion group, but sICAM-1 levels did not differ between the two
groups. CRP, suPAR, and SICAM-1 levels were also measured at different
time points (baseline and after 1 and 5 months of treatment) according
to a general linear model (Table 2).

During general linear modeling, we found that CRP values varied
significantly depending on the treatment period (Wilks’ lambda; F =
0.61; p < 0.001) and interception between the time period and con-
version (Wilks” lambda; F = 0.85; p = 0.05). Bonferroni post hoc test
revealed that CRP values differed significantly among all tested time
points (p < 0.05 for all cases). Levels of SICAM-1 and suPAR in general
linear modeling were low as a result of laboratory errors after 5 months
of treatment. Because of these limitations, we did not find statistically
significant differences between the conversion and nonconversion
groups.

While analyzing T-cell subpopulations, we observed statistically
significant differences in the absolute numbers of total lymphocytes, and
the levels of two T-cell subpopulations, CD4"/CD45RA/CD27 " (p =
0.007) and CD8'/CD45RA*/CD27" (p = 0.001), were higher in the
conversion group. There were also statistically significant differences in
the percentage of total lymphocytes (p = 0.005) and percentages of
these T-cell subpopulations: CD4+/CD45RA-/CD27- (p = 0.002);
CD4+/CD45RA-/CD27+ (p = 0.007); CD8+/CD45RA+/CD27+ (p =
0.008); CD8+/CD45RA-/CD27- (p = 0.001). Higher levels of CD4+/
CD45RA-/CD27-; CD8+/CD45RA-/CD27 were found in non-conversion
group.

When analyzing T-cell subpopulations using general linear models
for repeated measures, we observed significant variations, depending on
the treatment period, in the absolute numbers of total lymphocytes
(Wilks’ lambda; F = 0.87; p = 0.012) and the total number of lympho-
cytes in the following T-cell subpopulations: CD3™ (F = 0.85; p = 0.007);
CD4" (F = 0.33; p < 0.001); CD4"/CD45RA"/CD27 (F = 0.817; p =
0.012); CD4"/CD45RA™/CD27 " (F = 0.9; p = 0.031); CD4"/CD45RA™/
CD27* (F = 0.858; p = 0.009); and CD8"/CD38" (F = 0.769; p = 0.001).
Also, depending on treatment period, the percentages of total lympho-
cytes varied significantly (F = 0.44; p < 0.001), as did the percentages of
the following T-cell subpopulations: CD3" (F = 0.88; p = 0.017); CD8"
(F = 0.85; p = 0.007); CD4"/CD45RA*/CD27" (F = 0.866; p = 0.034);
CD4"/CD45RA/CD27" (F = 0.576; p < 0.001); and CD8"/CD38" (F =
0.652; p < 0.001). The general linear model analysis included 27 pa-
tients without sputum culture conversion and 20 patients with sputum
culture conversion. In regression analysis, none of the host biomarkers
or T-cell subpopulations showed a statistically significant effect on the

Table 2

Biomarker levels in different conversion groups at different time points during
the treatment of drug-sensitive pulmonary tuberculosis. General linear model for
repeated measures. Only data from patients without missing variables were
included.

Biomarker  Treatment Conversion group (N = Non conversion group
period 17) (N =24)
Mean St. Mean St.
deviation deviation
CRP Baseline 30,67 41,14 74,71 67,27
After 1 month 17,41 29,84 30,58 29,23
After 5months 9,8 15,26 8,22 9,67
SICAM-1 Baseline Conversion group (N = Non conversion group
1) (N=4)
57,52 - 65,84 10,6
After 1 month 55,87 - 63,19 7,12
After 5months 48,38 - 58,44 2,35
SUPAR Baseline Conversion group (N =  Non conversion group
4 (N =10)
2038,23 746,56 4047,7 2403,24
After 1 month 1678,6 190,9 2543,51 930,16
After 5 months 1936,77 219,27 2374,89 602,96
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conversion status.

3.2. Prediction of treatment outcomes

Of the patients with TB, 56 eventually recovered, 5 died during
treatment, and 1 was lost to follow-up. TB treatment failure and ac-
quired drug resistance was not observed in any patients during the
study.

Baseline CRP and suPAR levels were higher in patients who died (p
< 0.001); no differences were noted in baseline SICAM-1 levels. The
general linear model for repeated measures was used to analyze CRP,
SICAM-1, and suPAR levels at different time points. Values at baseline
and 1 month were analyzed. All deaths occurred before the fifth month
of treatment; hence, values at the fifth month could not be determined in
these cases. We found that CRP values varied significantly between
patients who died and those who survived, depending on the treatment
period (Wilks’ lambda; F = 0.685; p < 0.001), but did not vary signifi-
cantly with regard to the interval between the time period and conver-
sion (Wilks lambda; F = 0.892; p = 0.052). The suPAR and sICAM-1
levels could not be measured in the patients who died.

The baseline levels of total lymphocytes (p = 0.001) and the absolute
number of the following T-cell subpopulations were lower in patients
with worse prognosis: CD3" (p < 0.001); CD4" (p = 0.001); CD8" (p <
0.001); CD4"/CD45RA™/CD27* (p = 0.021); CD4"/CD45RA"/CD27+
(p < 0.001); CD8"/CD45RA"/CD27 (p < 0.001); CD8"/CD45RA™/
CcD27* (p < 0.001); CD8"/CD45RA’/CD27" (p = 0.032); and CD8*/
CD38 (p < 0.001). Comparisons of percentages of lymphocyte sub-
populations revealed that the percentages of all lymphocytes and of
CD4"/CD45RA/CD27" (p < 0.001), CD8'/CD45RA/CD27" (p =
0.032), and CD8"/CD38" (p < 0.001) T-cell subpopulations were lower
in patients with worse prognoses.

We were unable to use the general linear model for repeated-
measures analysis of T-cell subpopulations because no measurements
were made at the fifth month of treatment. In regression analysis, none
of the host biomarkers or T-cell subpopulations showed a statistically
significant effect on the conversion status.

3.3. Host biomarkers, T-cell subpopulations and extent of lung destruction

We found significant correlations between some T-cell sub-
populations and X-ray scores before TB treatment initiation: when these
T-cell subpopulations were smaller, lung destruction was more pro-
nounced (Table 3). Correlations of total lymphocyte percentages and X-
ray scores before TB treatment initiation are depicted in Fig. 1.

Baseline CRP and suPAR levels were correlated with baseline lung

Table 3

Statistically significant correlations of baseline T-cell subpopulations measured
using flow cytometry with baseline X-ray scores in 62 patients with drug-
sensitive pulmonary tuberculosis.

Baseline characteristics Correlation coefficient (Spearman’s P value
tho)

CD3+ (x 10°/1) ~0.523 <0.001

CD3+ (%) ~0.556 <0.001

CD4+ (x 10°/1) ~0.523 <0.001

CD8+ (x 10°/1) —0.456 0.001

CD4+/CD45RA-/CD27- (x 10°/  —0.36 0.008
D

CD4+/CD45RA-/CD27+ (x10°/  —0.504 <0.001
D

CD8+/CD45RA+/CD27+ (x ~0.488 <0.001
10°/1)

CD8+/CD45RA-/CD27+ (x10%/  —0.439 0.001
bl

CD8+/CD38- (x 10°/1) —0.531 <0.001

CD8-+/CD38- (%) ~0.687 <0.001

CD8-+/CD38+ (%) ~0.687 <0.001
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Fig. 1. Correlations of baseline total lymphocyte percentages and baseline X-
ray scores in 62 patients with drug-sensitive pulmonary tuberculosis.

destruction. X-ray scores were correlated with CRP (Spearman’s rho,
0.762; p < 0.001) and suPAR (Spearman’s rho, 0.468; p = 0.002) levels.
sICAM-1 levels were not significantly correlated with lung destruction.
The correlation between CRP levels and X-ray scores is depicted in
Fig. 2.

4. Discussion

Our exclusion criteria were chosen to avoid data reflecting labora-
tory test results and radiological changes resulting from or influenced by
diseases other than TB.

CRP is possibly one of the most studied host biomarkers in pulmo-
nary TB. CRP tends to increase most significantly from baseline as dis-
ease severity increases, is associated with week-8 culture status, and is
overall a good indicator of the patient’s clinical condition at the time of
diagnosis [24]. We found similar results: CRP significantly decreased
after 1 month of treatment, and its baseline levels were higher in pa-
tients who died and in the nonconversion group than in the conversion
group. CRP was also strongly correlated with X-ray scores.

suPAR is not as well studied as CRP in pulmonary TB. However, some

CRP at diagnosis (mgl)

T
EE0 o

X-ray score at diagnesis

Fig. 2. Correlation of baseline C reactive protein and baseline x-ray score
before in drug sensitive pulmonary tuberculosis patients who were included in
the study in Romainiai tuberculosis hospital (n = 62).
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published data have shown that suPAR levels increase in patients with
bacterial infections [10], sepsis [11], lung cancer [12], exacerbated
chronic obstructive pulmonary disease [24], and acute respiratory
distress syndrome [25]. Our findings are similar to those of previously
published studies [13,14]: suPAR levels tended to decrease after initi-
ating appropriate TB treatment and were higher in patients with an
unsuccessful treatment outcome.

Studies on SICAM-1 and suPAR with regard to TB diagnosis and TB
treatment monitoring are lacking. We were also unable to find much
published data concerning the relationship of T-cell subpopulations with
the severity of TB or radiological evidence of the extent of lung damage.
These were the main reasons that we wanted to conduct this study.

In our study, sICAM-1 baseline values were not correlated with
baseline X-ray scores. We were unable to find any studies using SICAM-1
levels and X-ray scoring method proposed by Ralph et al. In some
studies, a simpler radiological scoring method was used [1,6,26] to show
the correlation of sSICAM-1 levels with the radiological extent of lung
damage in TB. When sICAM-1 was used in TB treatment monitoring, the
results were contradictory [1,6]. Some of these conflicting results are
probably attributable to the small patient populations in these studies.

Host T-cell responses are essential for an effective immune response
to M. tuberculosis. To gage this response, T-cell phenotypes in the pe-
ripheral blood can be measured [15]. To evaluate response to TB
treatment, some researchers have analyzed in vitro stimulated peripheral
blood mononuclear cells to evaluate a specific response [27]. However,
we decided to evaluate the nonspecific T-cell response to M. tuberculosis
infection because testing this would be cheaper and easier to perform in
clinical practice. The number of studies in which researchers evaluated
nonspecific T-cell response to TB treatment is very limited [15,28,29],
and we did not find any other studies in which flow cytometry results
were analyzed as a factor in determining culture conversion. We did not
find that T-cell subpopulation differences had a statistically significant
effect on sputum conversion or treatment outcomes.

We were only able to find one validated chest X-ray score in the
current literature on pulmonary TB, which could be used in monitoring
radiological changes in the lungs during the treatment course [23]. In
some studies, chest X-rays of patients with TB are evaluated using
simpler methods, such as the presence of cavities [30]. When we used
the scoring method of Ralph et al., we detected a significant correlation
of X-ray scores with T-cell subpopulations, as previously mentioned. We
could not find any other studies comparing T-cell subpopulations with
radiological changes of active pulmonary TB. It would have been
interesting to compare our results with those of other authors.

We believe that one of the strengths of our study is that it was a
prospective study of in-hospital patients on DOT. Hence, we have no
doubt that our patients were taking their medication and were not
missing doses. All the patients were in the same environment, at least for
the first month of the treatment, and were treated using the same
methodology. All patients admitted to our hospital during the 2-year
study were asked to participate, and the study population may repre-
sent the population of patients with TB in the Kaunas district. One of the
limitations of this study was the relatively low number of participants.
However, further study will be performed and will yield more data.

5. Conclusions

Selected host biomarkers play a very limited role in predicting TB
treatment outcomes and culture conversion. suPAR and sICAM-1 levels
did not appear to be superior to CRP levels for monitoring TB treatment.
T-cell subpopulations and X-ray scores were correlated, but baseline
lung destruction showed the highest correlation with baseline CRP
levels.
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ABSTRACT Bedaquiline Drug Resistance Emergence Assessment in Multidrug-resist-
ant tuberculosis (MDR-TB) (DREAM) was a 5-year (2015 to 2019) phenotypic drug re-
sistance surveillance study across 11 countries. DREAM assessed the susceptibility of
5,036 MDR-TB isolates of bedaquiline treatment-naive patients to bedaquiline and
other antituberculosis drugs by the 7H9 broth microdilution (BMD) and 7H10/7H11
agar dilution (AD) MIC methods. Bedaquiline AD MIC quality control (QC) range for
the H37Rv reference strain was unchanged, but the BMD MIC QC range (0.015 to
0.12 pg/ml) was adjusted compared with ranges from a multilaboratory, multicoun-
try reproducibility study conforming to Clinical and Laboratory Standards Institute
Tier-2 criteria. Epidemiological cutoff values of 0.12 ug/ml by BMD and 0.25 ug/ml
by AD were consistent with previous bedaquiline breakpoints. An area of technical
uncertainty or intermediate category was set at 0.25 ug/ml and 0.5 wg/ml for BMD
and AD, respectively. When applied to the 5,036 MDR-TB isolates, bedaquiline-sus-
ceptible, -intermediate, and -resistant rates were 97.9%, 1.5%, and 0.6%, respectively,
for BMD and 98.8%, 0.8%, and 0.4% for AD. Resistance rates were the following:

January 2022 Volume 60 Issue 1 €02919-20 Journal of Clinical Microbiology

148

Citation Kaniga K, Hasan R, Jou R,
Vasiliauskiené E, Chuchottaworn C, Ismail N,
Metchock B, Miliauskas S, Viet Nhung N,
Rodrigues C, Shin S, Simsek H, Smithtikarn S,
Ngoc ALT, Boonyasopun J, Kazi M, Kim S,
Kamolwat P, Musteikiene G, Sacopon CA,
Tahseen S, Vasiliauskaité L, Wu M-H, Vally Omar
S. 2022. Bedaquiline drug resistance
emergence assessment in multidrug-resistant
tuberculosis (MDR-TB): a 5-year prospective in
vitro surveillance study of bedaquiline and
other second-line drug susceptibility testing in
MDR-TB isolates. J Clin Microbiol 60:¢02919-20.
https://doi.org/10.1128/JCM.02919-20.

Editor Christine Y. Turenne, University of
Manitoba

Copyright © 2022 Kaniga et al. This is an open-
access article distributed under the terms of
the Creative Commons Attribution 4.0
International license.

Address correspondence to Koné Kaniga,
kkaniga@its.jnj.com.

*Present address: Edita Vasiliauskiené, Centre of
Laboratory Medicine, Tuberculosis Laboratory,
Vilnius University Hospital Santaros Klinikos,
Vilnius, Lithuania.

§Present address: Laima Vasiliauskaite, Centre
of Laboratory Medicine, Tuberculosis
Laboratory, Vilnius University Hospital Santaros
Klinikos, Vilnius, Lithuania.

Received 20 November 2020

Returned for modification 4 January 2021
Accepted 21 October 2021

Accepted manuscript posted online

27 October 2021

Published 19 January 2022

jem.asm.org

Downloaded from https://journals.asm.org/journal/jcm on 28 March 2022 by 85.254.169.147.



Kaniga et al.

35.1% ofloxacin, 34.2% levofloxacin, 33.3% moxifloxacin, 1.5% linezolid, and 2% clofazimine.
Phenotypic cross-resistance between bedaquiline and clofazimine was 04% in MDR-TB and
1% in pre-extensively drug-resistant (pre-XDR-TB)/XDR-TB populations. Coresistance to
bedaquiline and linezolid and clofazimine and linezolid were 0.1% and 0.3%, respec-
tively, in MDR-TB and 0.2% and 0.4%, respectively, in pre-XDR-TB/XDR-TB populations.
Resistance rates to bedaquiline appear to be low in the bedaquiline-treatment-naive
population. No treatment-limiting patterns for cross-resistance and coresistance have
been identified with key TB drugs to date.

KEYWORDS bedaquiline, drug resistance, Mycobacterium tuberculosis, tuberculosis,
variants, drug susceptibility testing

rug-resistant tuberculosis (TB) has been declared a public health crisis by the World

Health Organization (WHO) (1). In 2018, 3.4% of new TB cases and 18% of previously
treated TB cases had multidrug- or rifampin-resistant TB (MDR/RR-TB). Additionally, 6.2%
of MDR-TB cases were extensively drug resistant (XDR) (1). These data highlight the need
for new TB drugs that are effective against drug-resistant (DR) TB and drug-susceptible
(DS) TB.

Use of phenotypic drug susceptibility testing (pDST) to guide anti-TB therapies min-
imizes the risk of developing resistance and maximizes the effectiveness of treatments
(2, 3). Two main approaches for Mycobacterium tuberculosis routine pDST and drug re-
sistance surveillance (DRS) are the solid-based agar proportion (AP) method and the
liquid-based mycobacteria growth indicator tube (MGIT) (4). These methods generate
results after an average time of up to 4 weeks for subculture and up to 4 weeks for
pDST (AP) and 8 to 14 days for subculture and 8 to 14 days for pDST (MGIT) from spu-
tum-positive culture, with results interpreted based on the single critical concentration
(CQ) of the drug (5). Other methods increasingly used for M. tuberculosis pDST are the
7H10 or 7H11 agar dilution (AD) and 7H9 broth microdilution (BMD) methods, which,
in contrast to AP and MGIT, test a range of drug concentrations. The results are reported as
the MIC, defined as the lowest concentration of a drug that inhibits M. tuberculosis growth
in vitro (3). Although not used in routine practice, AD MIC and BMD MIC can generate more
granular data for determining trends of decreased susceptibility over time during a DRS and
the epidemiological cutoff value (ECV) for setting the breakpoint of a drug.

Bedaquiline (BDQ), a diarylquinoline antimycobacterial drug that inhibits ATP synthase
of M. tuberculosis (6), is indicated as part of combination therapy in adult and pediatric
patients (=5 years, weighing =15 kg) with pulmonary MDR-TB. Use of BDQ-based regimens
for the treatment of MDR-TB has considerably improved treatment outcomes (7-12).
However, a number of resistance-associated variants (RAVs) may decrease susceptibility to
BDQ (13-20), including Rv0678 RAVs, which lead to low-level BDQ resistance and cross-re-
sistance with clofazimine (CFZ) (14, 15, 18, 20-23), and atpE RAVs in the BDQ target (19, 24).

This paper reports the results from the Bedaquiline Drug Resistance Emergence
Assessment in MDR-TB (DREAM) program to assess the susceptibility of BDQ treatment-
naive patients’ MDR-TB isolates to BDQ over a 5-year period in 11 countries by the BMD
and AD MIC methods. The study determined whether (i) any revisions were required to
the MIC quality control (QC) ranges for BDQ and other anti-TB drugs from a multilabora-
tory, multicountry, reproducibility study conforming to Clinical and Laboratory Standards
Institute (CLSI) Tier-2 criteria (25, 26; also see the supplemental material); (i) ECVs for BDQ
were in agreement with those in the external quality assessment (EQA) study (27); and
(iii) there was cross-resistance between BDQ and CFZ, coresistance to BDQ and linezolid
(LZD), or coresistance to CFZ and LZD.

MATERIALS AND METHODS

Study design. This was a prospective in vitro study conducted over a 5-year period (2015-2019) in
India, Lithuania, Pakistan, the Philippines, South Africa, South Korea, Taiwan, Thailand, Turkey, Vietnam,
and the United States (Centers for Disease Control and Prevention).
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Study materials. For AD MIC testing, laboratories were provided with BDQ active pharmaceutical in-
gredient lot number A13HB2843 (Janssen, Beerse, Belgium). For BMD MIC testing, custom-made frozen
polystyrene microtiter plates containing BDQ and other anti-TB drugs and ancillaries were supplied by
Thermo Fisher Scientific (Oakwood Village, OH). Each lot of frozen microtiter plates was tested by an in-
dependent laboratory prior to use in the study to ensure the performance of the plates was according
to previously published QC parameters (25, 26). All other reagents, including Middlebrook 7H10 and
7H11 agar, oleic acid albumin dextrose catalase, M. tuberculosis H37Rv strain (American Type Culture
Collection number 27294), and standard medium (e.g., Lowenstein-Jensen) routinely used to grow M. tu-
berculosis in the laboratory were sourced at the country level.

Microbiology methods. M. tuberculosis isolates were collected from BDQ treatment-naive patients
between 1 January 2015 and 31 July 2019, but only MDR-TB isolates from the 11 countries were included
in BDQ DREAM program analyses. Isolates were included in the analyses based on the criteria defined in
Table S1 in the supplemental material. The distribution of isolates per country is shown in Fig. S1. MIC
determination of BDQ by AD and BMD was performed according to methods previously described for
Tier-2 studies (25). An M. tuberculosis QC strain (H37Rv) was included in each testing and was required to
be within previously published QC ranges for BDQ testing (25).

WGS. A total of 78 available isolates confirmed to be resistant to BDQ either by AD or BMD were ana-
lyzed at the WHO Supranational Reference Lab, National Institute for Communicable Diseases in
Johannesburg, South Africa. DNA was isolated and submitted for whole-genome sequencing (WGS).
DNA extraction was performed using either the automated bead-based Nuclisens EasyMag platform or
the cetyl trimethylammonium bromide (CTAB) method. WGS and bioinformatic analysis was performed
as previously described (28; also see the supplemental material). The genetic targets investigated included the
intergenic regions between mmplL5 and Rv0678, Rv0678, atpE, mmpL5, mmplS5, pepQ, and Rv1979c. Lineage
was further assigned to these isolates using WGS as described previously (29).

Data management. Each laboratory was defined by its country of origin. Consistent capture and
reporting of data between all laboratories was overseen by the principal investigators, who were pro-
vided with standardized data collection forms. Inconsistent data (such as MIC not within the specified
dilution range, comma as decimal separator, and erroneous dilution) were queried, and the investigator
was required to resubmit and update the file for the final analyses. The sponsor’s clinical microbiologist
assessed the quality of the data set from each laboratory and performed a final QC check.

istical and microbiol, For the range of dilutions used in the study, the frequency
and cumulative frequency of MIC distribution were calculated using SAS software version 9.2 (SAS Institute).
For MIC values preceded by a less-than sign, the lower-end MIC value of the range was reported with a less-
than-or-equal-to sign. For MIC values preceded by a greater-than sign, the MIC value was reported as greater
than or equal to the next dilution (e.g., >1 was reported as =2). MIC distribution histograms were produced
from the MIC frequency tables, and ECVs were derived by visual inspection of the histograms as the drug
concentration that delineated the wild-type from the non-wild-type population. When there is no clear sepa-
ration of the wild-type from the non-wild-type population, the visual inspection of the histogram becomes
subjective. In that case, an iterative nonlinear regression on expanding subsets, known as ECOFFinder, was
also used to estimate ECVs (30), with a 97.5% cutoff from ECOFFinder used as the ECV.

For the AD MIC methods, the combined data for 7H10 and 7H11 agars are reported, since there are no
meaningful differences between the results obtained using these two media (25). For BDQ, ECVs were
used to confirm the breakpoints validated in the sponsor's EQA study (27). For other drugs tested in this
study, ECVs were used as surrogate interpretative criteria to determine the susceptibility rates of MDR-TB
isolates. Categorical analyses between breakpoints derived from the 7H9 BMD MIC and AD MIC methods
were performed. The evolution of BDQ MIC over the last 5 years (2015 to 2019) was also assessed.

Analyses were performed on the data set stratified by MDR-TB, MDR,,-TB (MDR-TB limited to isonia-
zid and rifampin resistance), pre-extensively drug-resistant (pre-XDR);o-TB (MDR-TB with resistance to
any fluoroquinolone tested), pre-XDR,-TB (MDR-TB with resistance to any second-line injectable tested),
and XDR-TB (MDR-TB with resistance to any fluoroquinolone and any second-line injectable tested)
(Table S1). The resazurin microtiter assay critical concentrations for first- and second-line drugs were
used to define the M. tuberculosis resistance subtypes (31-35). Capreomycin (CAP) and kanamycin (KAN)
critical concentrations (2.5 wg/ml) were extrapolated to 4 wg/ml (the next dilution in the CLSI dilution
scheme) (36). A small set of DS-TB found in the data set was also analyzed for susceptibility to BDQ only.

RESULTS

Tier-3 QC ranges. Each day of testing clinical isolates, the M. tuberculosis QC strain
H37Rv was also tested to accumulate more real-world QC data. The BDQ AD MIC QC
range for the H37Rv strain was 96.8% (518/535) within the established Tier-2 QC range
compared with 88.3% (476/539) for BMD MICs. Therefore, the QC range for BMD MICs
was adjusted to include at least 95% of repeats while remaining within a 4-dilution
range (25). The result of the Tier-3 QC of BDQ for the BMD MICs is 0.015 to 0.12 wg/ml
(between the vertical lines in Fig. 1A), which includes 98.0% (528/539) of the data.

Confirmatory phenotypic DST and whole-genome sequencing of putative BDQ-
R isolates. All nonduplicate clinical isolates with either BDQ BMD MIC of >0.12 ug/ml
or AD MIC of >0.25 ug/ml were retested by BMD and MGIT at a CC of 1 ug/ml, and WGS
was performed. Due to the COVID-19 pandemic, only 78 viable isolates were available for
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FIG 1 Bedaquiline MIC quality control ranges for H37Rv by the 7H9 broth microdilution (A) and agar (B) dilution methods. Dashed lines
indicate the BDQ QC ranges established through Tier-3 studies. BDQ QC ranges determined in the Tier-2 studies were 0.015 to 0.06 for the
7H9 BMD MIC and 0.015 to 0.12 for the AD MIC (25).

retest by BMD, MGIT, and WGS analysis. No mutations were found in the BDQ target atpE
and pepQ genes; 10/78 (12.8%) isolates with BDQ BMD MIC of =0.12 ng/ml were BDQ sus-
ceptible (BDQ-S) by MGIT, and 10/10 (100%) were wild type for the Rv0678 gene. This find-
ing supports BDQ BMD MIC of =0.12 ng/ml as the BDQ-S breakpoint; 23/78 (29.5%) iso-
lates with BDQ BMD MIC of =0.5 ng/ml were BDQ-resistant (BDQ-R) by MGIT, and 21/23
(91.3%) had nonsynonymous nonsilent mutations in the Rv0678 gene. This finding sup-
ports a BDQ BMD MIC of =0.5 ng/ml as the BDQ-R breakpoint. There were 45/78 (57.7%)
isolates with BDQ BMD MIC of 0.25 ug/ml, of which 17 (37.8%) were BDQ-R by MGIT; 10/
17 58.8%) had Rv0678 RAVs and 7/17 (41.2%) were wild type for Rv0678. The remaining
28/45 (62.2%) were BDQ-S by MGIT; 2/28 (7.1%) had Rv0678 RAVs, and 26/28 (92.9%) were
wild type for Rv0678. These data show that a BDQ BMD MIC of 0.25 g/ml cannot consis-
tently define M. tuberculosis clinical isolates as either phenotypically BDQ-S or BDQ-R by
MGIT. Similarly, a BDQ BMD MIC of 0.25 ng/ml cannot consistently define M. tuberculosis
clinical isolates as either genotypically BDQ-S or BDQ-R based on Rv0678 as a marker.
Thus, a BDQ BMD MIC of 0.25 ng/ml fits the typical definition of the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) area of technical uncertainty (ATU) or
CLSI intermediate (I) category, although these proposed breakpoint categories are yet to
be validated or approved for mycobacteria. Similar trends were seen for BDQ AD; however,
the correlation between BDQ AD MIC and MGIT was weaker.

BDQ BMD MIC distribution and ECV for MDR-TB isolates. The BDQ BMD MIC dis-
tribution for all MDR-TB isolates was unimodal, with a trailing tail and a peak of 0.03
ng/ml (Fig. 2A), which was similar to the H37Rv MIC distribution (Fig. 1A). The BDQ
BMD MIC distribution delineated an ECV of 0.12 ug/ml (Fig. 2A, indicated by S), which
was consistent with the 97.5% ECV (0.125 ug/ml) determined from ECOFFinder
(Fig. 2B) and previous findings (27). Based on this analysis, 2.2% of isolates had MICs
above the ECV.

BDQ AD MIC distribution and ECV for MDR-TB isolates. ECOFFinder-derived ECVs
at the 97.5% rate were identical for 7H10 and 7H11 agar (0.25 wg/ml). Hence, these were
combined and analyzed as agar. The BDQ AD MIC distribution for all MDR-TB resistance iso-
lates was uniform, with a trailing tail and a peak at 0.06 ng/ml (Fig. 3A), which was the same
for the H37Rv distribution (Fig. 1B). An ECV of 0.25 ug/ml was determined from the histo-
gram (Fig. 3A, indicated by S), which was consistent with the 97.5% ECV (0.25 ng/ml) deter-
mined from ECOFFinder (Fig. 3B), confirming previous findings (27). Based on this analysis,
1.2% of isolates had MICs above the ECV. MIC distribution by agar type and by country is
shown in Table S2 in the supplemental material.
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FIG 2 Bedaquiline 7H9 broth microdilution MIC distribution for MDR-TB clinical isolates. Susceptible (), area of technical uncertainty (ATU)/
intermediate (1), and resistant (R) breakpoints are indicated by arrows.

Definitive interpretive criteria for BDQ phenotypic DST. Based on data from the
current study, the QC parameter for BDQ AD MIC is unchanged compared to the Tier-2 study
(25). However, from the current data set the QC range is 0.015 to 0.12 ug/ml for the BDQ
BMD (Table 1). Based on the totality of the data from this study and the EQA study (27), ECVs
for BDQ are 0.12 wg/ml (BMD assay) and 0.25 wg/ml (AD assay) (Table 2). Confirmatory pDST
by MGIT and WGS resulted in an ATU of 0.25 .g/ml (BMD assay) and 0.5 ng/ml (AD assay).

A correlation between BDQ MICs by AD and BMD methods showed an essential agreement
of 85%, below the 90% threshold for the methods to be considered essentially identical (37).

An analysis of categorical agreement of BDQ AD and BMD MIC breakpoints, for all iso-
lates having AD and BMD data available (N = 4,614) using the error-rate-bound method
(Fig. 4), showed that false resistant rates (major error), false susceptible rates (very major
error), and minor errors driven by ATU/I are below the CLSI acceptability rates (37).

BDQ MIC,; and ECV-based resistance profile. The BDQ BMD MIC range for all
MDR-TB resistance subtypes combined (N = 5,036) was =0.008 to 2 ug/ml, although a
single isolate with a MIC of 2 ug/ml was identified. Applying the 0.12 ng/ml breakpoint
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FIG 3 Bedaquiline agar dilution MIC distribution for MDR-TB clinical isolates. Susceptible (S), area of technical uncertainty (ATU)/intermediate
(), and resistant (R) breakpoints are indicated by arrows.
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TABLE 1 Tier-3 bedaquiline quality control parameters for H37Rv with the 7H9 broth
microdilution and agar dilution methods

BDQ MIC (ug/ml) by test medium

Bacterium 7H9 broth 7H10/7H11 agar
M. tuberculosis H37Rv 0.015-0.12 0.015-0.12

to the final dataset, BDQ-S, BDQ ATU/I, and BDQ-R of all MDR-TB isolates combined
were 97.9%, 1.5%, and 0.6%, respectively (Table 3).

The BDQ AD MIC range for all MDR-TB resistance subtypes combined (N = 4,614) was
=0.008 to =4 ug/ml with a MIC required to inhibit the growth of 90% (MICy,) and 95%
(MICys) of M. tuberculosis isolates of 0.12 ug/ml. The MIC,s was 0.12 g/ml for MDR,45-TB
and pre-XDRy-TB and 0.25 ug/ml for pre-XDR;-TB and XDR-TB isolates (Table 3). Figure
S2 shows there were no trends for decreased BDQ susceptibility against MDR-TB isolates
over a 5-year time period from 2015 to 2019.

of resi e to fluoroq econd-line injectables and
other anti-TB drugs (BMD MIC method). (i) Tier 3-QC values for the drugs tested.
Overall, the number of repeats of the drugs tested against M. tuberculosis H37Rv was
higher than the Tier-2 QC ranges (26) (539 versus 211). For most drugs, the frequencies
of distribution were still >95%. QC ranges were adjusted for 4/11 drugs (Table 4, in
boldface) compared with the Tier-2 QC ranges (26).

(ii) Fluoroq resi: e profile. Ofloxacin (OFX), levofloxacin (LVX), and
moxifloxacin (MXF) MIC distributions for all MDR-TB resistance subtypes combined were
bimodal (Fig. S3A to C). For the fluoroquinolone resistance profile, MDR,q4-TB represents
the wild-type population and XDR-TB the resistant population; thus, the use of
ECOFFinder was deemed unnecessary. Resultant ECVs were 2 ng/ml, 1 uwg/ml, and 0.5
ng/ml for OFX, LVX, and MXF, respectively, which are in line with the in vitro and in vivo
potency of the fluoroquinolones (OFX < LVX < MXF) (Table S3).

(iii) Second-line injectable resistance profile. MIC distributions for KAN, amikacin
(AMI), and CAP (Fig. S3D to F) all displayed a bimodal distribution profile. As for fluoro-
quinolones, the wild-type population (MDRyes-TB) was clearly separated from the re-
sistant population (XDR-TB), so ECOFFinder was not used.

For KAN, AMI, and CAP, ECVs of 4 g/ml, 2 ug/ml, and 4 ug/ml, respectively, delineated
the wild-type population from the non-wild-type population, with nearly 100% coverage of
MDR;¢-TB and pre-XDRe,-TB (Table S4).

(iv) Linezolid and clofazimine resistance profile. The MIC distributions for LZD
and CFZ (Fig. S3G and H) were not bimodal. The trailing MICs at the upper end of the
distributions made it difficult to pinpoint an ECV for both drugs. The probable ECVs of
2 pg/ml and 0.5 ug/ml were set for LZD and CFZ, respectively (Table S5). LZD-sensitive
and clofazimine-sensitive (CFZ-S) rates of MDR-TB clinical isolates determined from the
histograms were 98.5% and 98%, respectively (Table S5).

Because of the trailing MIC issues and the fact that no resistance subtypes were prede-
fined for LZD and CFZ, the ECOFFinder tool was used to derive ECVs of 2 ng/ml for LZD and
0.25 pg/ml for CFZ at 97.5% cutoff, which were identical and lower, respectively, than values
determined by the histogram (Table S5). However, the ECOFFinder-derived ECV for CFZ
would split the normal MIC, so an ECV of 0.5 wg/ml was selected based upon the histogram,
corresponding to 99% coverage by the ECOFFinder.

TABLE 2 Definitive bedaquiline interpretive criteria by the 7H9 broth microdilution and agar
dilution methods

BDQ MIC (ug/ml)
Test medium 5 ATU/I R
7H9 broth =0.12 0.25 =0.5
7H10/7H11 agar =0.25 0.5 =1
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(v) Proposed breakpoints for other TB drugs against MDR-TB by the 7H9 broth
microdilution MIC method. The ECVs determined for fluoroquinolones, second-line
injectables, LZD, and CFZ are summarized in Table 5 by the BMD MIC method.

(vi) Contribution of countries’ BDQ-, CFZ-, and LZD-resistant isolates in the
XDR-TB subsets. As the overall resistance rate of XDR-TB isolates to BDQ (3.0% [19/635])
was 2.5 times lower than to CFZ (7.4% [47/635]) and LZD (7.4% [47/635]), we investigated
whether there may be country-specific differences in the prevalence of resistance to BDQ,
CFZ, and LZD. Overall, 11/19 (57.9%) and 5/19 (26.3%) isolates resistant to BDQ originated
from South Africa and Lithuania, respectively, with 13/47 (27.7%) and 32/47 (68.1%) isolates re-
sistant to CFZ, respectively, originating from these countries. For LZD, 22/47 (46.8%) and 12/47
(25.5%) isolates resistant to LZD originated from Thailand and South Africa, respectively.

Evaluation of potential cross-resistance between BDQ and CFZ, coresistance to
BDQ and LZD, and coresistance to CFZ and LZD. (i) Cross-resistance between BDQ
and CFZ. Applying the putative breakpoints defined as ECVs in this study, the potential
one-way cross-resistance between BDQ and CFZ was 1.7% (85/5036) BDQ-S and clofazi-
mine resistant (CFZ-R) in the MDR-TB population and 1.8% (89/5036) were CFZ-S and
BDQ-R. In the total MDR-TB population, 16.8% (18/107) of the BDQ-R subpopulation was
CFZ-R, and 17.5% (18/103) of the CFZ-R subpopulation was BDQ-R. In the pre-XDR-TB/
XDR-TB population, proportions were 24% (12/50) and 16.4% (12/73), respectively. Two-
way cross-resistance between BDQ and CFZ in the total MDR-TB population was 0.4%
(18/5,036) and in the pre-XDR-TB/XDR-TB subset was 1.0% (12/2,067). Scattergrams of
BDQ MICs versus CFZ MICs indicated a poor correlation of any cross-resistance in both
all MDR-TB isolates (N = 5,036; Pearson correlation coefficient R value of 0.071) and pre-
XDR- and XDR-TB isolates (N = 2,067; R value of 0.0529) (Fig. 5).
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TABLE 3 Bedaquiline MICs against M. tuberculosis isolates based on subtypes of resistance to other antituberculous drugs®

pap——

TR BDQ MIC (ug/ml) Susceptibility (%)

DST medium N MIC range MIC,, MIC,, ECV s ATU/I R

7H9 broth
DS-TB 137 =0.008-0.5 0.12 0.12 0.12 97.8 15 0.7
MDR-TB (all) 5,036 =0.008-2 0.12 0.12 0.12 97.9 15 0.6
MDR;45-TB 2,969 =0.008-0.5 0.12 0.12 0.12 98.1 1.6 0.3
pre-XDRqo-TB 1,155 =0.008-1 0.12 0.12 0.12 97.9 12 0.8
pre-XDRy-TB 277 =0.008-0.5 0.12 0.12 0.12 98.2 1.1 0.7
XDR-TB 635 =0.008-2 0.12 0.12 0.12 97.0 17 0.9

Agar
DS-TB 100 =0.008-0.12 0.06 0.12 0.25 100 0
MDR-TB (all) 4,614 =0.008-=4 0.12 0.12 0.25 98.8 0.8 0.4
MDR;45-TB 2,640 =0.008-1 0.12 0.12 0.25 99.0 1
pre-XDR;o-TB 1,103 =0.008-1 0.12 0.25 0.25 99.0 1.0
Pre-XDR,-TB 256 =0.008-1 0.12 0.12 0.25 98.8 12
XDR-TB 615 =0.008-=4 0.12 0.25 0.25 97.6 24

2DST, drug susceptibility testing; DS-TB, drug-susceptible tuberculosis; ECV, epidemiological cutoff value; MDR,,.,-TB, MDR-TB limited to isoniazid and rifampin resistance;
MIC,,, MIC required to inhibit the growth of 90% of M. tuberculosis isolates; MIC,,, MIC required to inhibit the growth of 95% of M. tuberculosis isolates; pre-XDR.,-TB, pre-
extensively drug (fluoroquinolone)-resistant tuberculosis (MDR-TB with resistance to any fluoroquinolone); pre-XDR;,-TB, pre-extensively drug (second-line injectable)-
resistant tuberculosis (MDR-TB with resistance to any second-line injectable); XDR-TB, extensively drug-resistant tuberculosis (MDR-TB with resistance to any
fluoroquinolone and any second-line injectable).

(ii) Coresistance to BDQ and LZD and to CFZ and LZD. As BDQ and LZD have
been elevated to WHO group A and CFZ to group B, we determined the level of core-
sistance to BDQ and LZD and to CFZ and LZD. As expected, coresistance to BDQ and
LZD (0.1% [5/5,036] in the total MDR-TB population and 0.2% [5/2,067] in the pre-XDR-
TB/XDR-TB subset) was very low. Coresistance to CFZ and LZD in the respective popu-
lations (0.3% [14/5,036] and 0.4% [9/2,067]) was also very low. Simultaneous resistance
to BDQ, CFZ, and LZD was seen in 3/5,036 isolates (0.06%), all from South Africa (2
XDR-TB from Eastern Cape, 1 XDR-TB from Gauteng).

DISCUSSION

The DREAM study was a prospective in vitro study conducted in 11 countries over a
5-year period after BDQ approval to determine the level of susceptibility of MDR-TB
isolates to BDQ using the MIC pDST methodology. As expected, based on both BMD
and AD methods, high susceptibility rates (=97%) of MDR-TB, pre-XDR-TB, and XDR-TB
isolates to BDQ were seen, since the isolates in this study were recovered from BDQ
treatment-naive patients. There were no changes in BDQ susceptibility against MDR-TB
isolates based on BDQ BMD MIC distribution over 5 years.

The study determined that the BDQ agar dilution MIC QC range for the H37Rv strain
is unchanged (0.015 to 0.12 ng/ml) compared with the Tier-2 study (25) and identified

TABLE 4 QC parameters for other TB drugs for H37Rv by the 7H9 broth microdilution MIC method

Tier-2 QC range® % Repeats within Tier-3 QC range® % Repeats within
Drug name Drug abbreviation (p2g/ml) Tier-2 QCrange (pg/ml) Tier-3 QC range
Rifampicin RMP 0.03-0.25 935 0.03-0.5 99.1
Isoniazid INH 0.03-0.12 954 0.03-0.12 95.4
Ethambutol EMB 0.25-2 944 0.5-4 96.7
Ofloxacin OFX 0.25-2 97.2 0.25-2 97.2
Levofloxacin LvX 0.12-1 99.6 0.25-1 98.7
Moxifloxacin MXF 0.06-0.5 97.6 0.06-0.5 97.6
Kanamycin KAN 0.25-2 49.7 0.5-4 98.3
Amikacin AMI 0.25-2 98.1 0.25-2 98.1
Capreomycin CAP 0.5-4 97.0 0.5-4 97.0
Linezolid LZD 0.25-2 99.8 0.25-2 99.8
Clofazimine CFZ 0.03-0.25 83.7 0.03-0.25 83.7

“Data are from Kaniga et al. (26).
bTier-3 QC ranges in boldface indicate those revised compared with the Tier-2 QC ranges (26).
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TABLE 5 Proposed interpretive criteria for other TB drugs based on ECVs for MDR-TB isolates
by the 7H9 broth microdilution method®

MIC (p2g/ml)
Drug name Drug abbreviation S R
Rifampicin RMP NA NA
Isoniazid INH NA NA
Ethambutol EMB NA NA
Ofloxacin OFX 2 4
Levofloxacin LVX 1 2
Moxifloxacin MXF 0.5 1
Kanamycin KAN 4 8
Amikacin AMI 2 4
Capreomycin CAP 4 8
Linezolid LZD 2 4
Clofazimine CFZ 0.5 1

aECV, epidemiological cutoff value; NA, not applicable because only MDR-TB isolates were tested.

a new BDQ BMD MIC QC range of 0.015 to 0.12 ng/ml. Based on this study and the
EQA study (27), BDQ ECVs are 0.12 ug/ml for the BMD MIC and 0.25 ug/ml for the AD
MIC. These breakpoints are consistent with putative values determined in the phase 2
BDQ studies (7, 8), although these studies included a limited number of patients with
high-MIC isolates. It is important to note that ECVs are not the same as clinical break-
points, which are a combination of the microbiological cutoff, pharmacokinetic param-
eters, pharmacokinetic/pharmacodynamic cutoff (PC), and CC.

Given the essential agreement of 85%, this study also confirms previous findings
that AD and BMD pDST are not identical for BDQ (25), which justifies the different inter-
pretative criteria for those methods. Categorical analysis of BDQ breakpoints using the
error rate-bound method demonstrated that when performing BDQ pDST by the AD
method, some isolates may be falsely reported as sensitive to BDQ when in fact they
might be phenotypically resistant. Hence, when isolates are reported as BDQ sensitive
by the AD MIC method and the MIC is close to the ECV of 0.25 ng/ml, it is recom-
mended that one repeats BDQ pDST by the MGIT method, which is the most reliable

pDST method for BDQ.
MDR-TE (all isolates) (N=5,038) Pra-XDR- and XDR-TE (M=2,087)
=8 1 . =8 1
4 1 2 4 1 2

27 58 M| W0 6

5 5
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= =
§ @Os5{1 7 48 102 58 | 20 10 5 03 4
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BDQ THS Broth Microdilution MIC (pgiml) BDQ THE Brath Microdildion MIC {pgimL)
Pearson comelation coefficent (R-valse) = 0.071 Pearson comelation coefficlent (R-value) = 0.0528

FIG 5 Cross-resistance between bedaquiline and clofazimine. Pre-XDR-TB, pre-extensively drug-resistant tuberculosis (MDR-TB with resistance to
any fluoroquinolone or second-line injectable); XDR-TB, extensively drug-resistant tuberculosis (MDR-TB with resistance to any fluoroquinolone
and any second-line injectable).
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The prevalence of phenotypic cross-resistance between BDQ and CFZ in the current
study was very low, only 0.4% in 5,036 isolates from a BDQ- and CFZ-naive overall
MDR-TB population and only 1% in the pre-XDR-TB/XDR-TB subset. Although the risk
for emergence of resistance should not be dismissed, currently available clinical data
support this observation. A recent study found no statistical correlation between CFZ
and BDQ MICs (38). Patients treated with BDQ-containing regimens achieved a compa-
rable sputum culture conversion rate regardless of baseline CFZ susceptibility. In addi-
tion, baseline CFZ resistance had no influence on time to culture conversion in their
cohort. Acquired CFZ resistance emerged in 8/94 cases, 8.5%, during treatment for
MDR-TB, and 5/8 CFZ-R cases achieved culture conversion by completing 24 weeks of
therapy containing BDQ (38).

While small in vitro and clinical studies have shown BDQ-CFZ cross-resistance and
raised concerns that the effectiveness of BDQ against MDR-TB could be impaired when
Rv0678 RAVs are found (14, 20-23), adequately powered studies, such as our current
study, with large numbers of patients have increasingly shown evidence of BDQ over-
coming cross-resistance to CFZ, achieving more satisfactory clinical outcomes in treat-
ing MDR-TB patients. At this time, there are insufficient data from adequately sized
clinical studies or treatment cohorts that indicate that the presence of Rv0678 RAVs
consistently leads to poor clinical outcome. Previous data indicate that Rv0678 RAVs
are not associated with prior BDQ or CFZ use, may not lead to elevated BDQ MICs
above the breakpoint (=0.25 ng/ml), and may not be correlated with increased micro-
biologic failures (18, 21, 39). In another recent study (40), 6/277 (2.2%) patients had
BDQ phenotypically resistant isolates prior to receiving BDQ; sputum culture conver-
sion was achieved in 5/6 patients, and 3/6 harbored Rv0678 RAVs. Existing mutations in
the Rv0678 gene did not predict poor outcome in this limited data set. This issue is fur-
ther confounded when Rv0678 is also found in BDQ phenotypically susceptible isolates,
as shown in Liu et al. (40) and the current study. In our study, for isolates with BDQ
BMD MIC of 0.25 ug/ml, 37.8% were BDQ-R by MGIT, among which 58.8% had Rv0678
RAVs and 41.2% were wild type for Rv0678. The remaining 62.2% were BDQ-S by MGIT,
among which 7.1% had Rv0678 RAVs and 92.9% were wild type for Rv0678. Further
investigating the use of Rv0678 as a genetic marker for resistance prediction should be
prioritized. Meanwhile, based upon the totality of available data, we propose that the
presence of Rv0678 mutations cannot be used to make clinical decisions to initiate or
halt BDQ treatment. When Rv0678 mutations are found during treatment, we suggest
MGIT pDST should be performed, and the patients’ clinical presentation should be the
guiding principle for clinicians.

Our study suggests that prior BDQ use may not explain the origin of Rv0678 RAVs
as all patients were BDQ treatment naive, and prior use of CFZ may not be the main
reason for the presence of these mutations in the MDR-TB population. Their origin
remains unknown (18), although spontaneous mutations are sometimes observed in
the absence of drugs. Prior CFZ use should also not be used to exclude BDQ treatment.
Development of resistance is expected for any antimicrobial drug, especially when the
drug is given in inappropriate or weak regimens. Importantly, the criterion that should
be relied upon currently to inform decisions for an appropriate regimen is the pheno-
typic resistance to BDQ or CFZ.

The prevalence of coresistance to BDQ and LZD and to CFZ and LZD was also very
low in both the overall MDR-TB and pre-XDR-TB/XDR-TB populations. Previous studies
have not found specific mutations associated with resistance to BDQ and LZD (19, 41,
42) or resistance to CFZ and LZD (22, 42).

Our study also determined that for 4 out of the 11 other anti-TB drugs (rifampicin,
ethambutol, LVX, and KAN) evaluated in this study, adjustments were required for the
Tier-2 study MIC QC ranges (26). Overall, the ECVs for the fluoroquinolones and sec-
ond-line injectables tested in our study correlated well with results reported in a sin-
gle-country (South Africa) study using the Sensititre BMD assay (43), except for KAN (4
versus 8 ug/ml, respectively) and CFZ (0.5 versus 0.25 ng/ml, respectively). The ECV for
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KAN in the South African study may be higher due to more XDR-TB isolates and identi-
fied eis mutations than in our study samples. The difference for CFZ ECV between the
studies may be explained by the trailing MIC in our study and, as such, 0.5 ng/ml could
be considered a conservative option. Although the resistance rates of XDR-TB to KAN,
AMI, and CAP were slightly lower than those for the fluoroquinolones in our study, use
of second-line injectables was deprioritized in the most recent WHO guidelines (44).
Resistance rates to LZD and CFZ were low and similar to those of BDQ.

The overall number of XDR-TB isolates resistant to BDQ, CFZ, or LZD was low.
Nonetheless, there seemed to be a trend for resistance to BDQ and CFZ in South Africa
and Lithuania and for resistance to LZD in South Africa and Thailand. In South Africa, these
observations may be explained by the history of BDQ, CFZ, and LZD use through the BDQ
Compassionate Use Access Program and the National TB Treatment Guidelines. At the
time of the study CFZ was not used in Lithuania, so the origin of the high CFZ resistance
rate in the XDR-TB isolates is unknown. In Thailand, LZD has been used in the country for
approximately 15 years in methicillin-resistant Staphylococcus aureus treatment, although
this use is considered unlikely to have an impact on M. tuberculosis, as the treatment is
usually of short duration. The trend for higher resistance in XDR-TB remains unexplained.
The possibility of inaccurate ECVs, leading to some XDR isolates being falsely reported as
phenotypically resistant to BDQ, CFZ, or LZD, cannot be ruled out.

One limitation of the study was that it only included BDQ treatment-naive patients.
This would have allowed for comparison of the MIC QC ranges and ECVs for BDQ in
DREAM with those obtained previously in the Tier-2 study (25, 26; see also the supple-
mental material) and EQA study (27), respectively. Inclusion of isolates from patients
who had failed on a BDQ treatment regimen and were clinically resistant to BDQ would
also have enabled the comparison of the MIC values of these resistant strains to those
from BDQ treatment-naive patients. Another limitation is that it was not possible to
demonstrate the origin of the high CFZ-R rate in XDR-TB isolates in Lithuania. While
clustered analyses and repeat DST at another center/country may have answered this
question, it was beyond the scope of the study, as no genotyping was initially planned
as part of the protocol.

In conclusion, resistance rates to BDQ in the period 2015 to 2019 appeared to be
low in the BDQ treatment-naive population, as expected given the early phase of drug
introduction to the market. Moreover, no treatment-limiting patterns for cross-resist-
ance were identified with key TB drugs to date. Coresistance to BDQ and LZD and to
CFZ and LZD were very low in the populations tested. In addition to clinical criteria,
pDST testing remains a relevant approach for informing treatment decisions.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.8 MB.
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" 44307 tek@

LEIDIMAS ATLIKTI BIOMEDICININ] TYRIMA

2015-10-09  Nr. BE-2-11

[ Biomedicininio tyrimo pavadinimas: ,, Tuberkuliozés mikobakterijy atsparumo vaistams ir Kity
| veiksniy, turinéiy jtakos tuberkuliozés J;ydxmn iSeitims, tyrimas*
[ Protokolo Nr.:

=
Data: 2015—09—03
Versija: 2 e

il Asmens informavimo forma Versija 3, 2015-03-05 ]
Pagrindinis tyréjas: Prof. Skaidrius Miliauskas 4‘
Biomedicininio tyrimo vieta: Vil LSMUL Kauno klinikos,

Istaigos pavadinimas: Pulmonologijos ir imunologijos klinika,
Adresas: Eiveniu g. 2, LT-50009, Kaunas
I3vada:

Kauno regioninio biomedicininiy tyrimy etikos komiteto posédzio, jvykusio 2015 m. spalio mén. 9 d.
{protokolo Nr. BE-10-9) sprendimu pritarta biomedicininio tyrimo vykdymui.

Mokslinio eksperimento vykdytojai jsipareigaja: (1) nedelsiant informuoti Kauno Regioninj biomedicininiy Tyrimy Etikos
komitetg apie visus nenumatytus atvejus, susuusms su studuos vykdymu, (2) iki sausm 15 dlenos pateikti metinj studijos

vykdymo apibendrinima bei, (3

= Kauno regioninio biomedicininiy tyrimy etikos komiteto nariai =
i_f Nr. Vardas, Pavarde Veiklos sritis [ Dalyvavo posédyje |

iF Prof. Romaldas Maciulaitis 1 _Klinikine farmakologija __ taip
2 Prof. Edgaras Stankevicius iz} Fiziologija, farmakologija | Laip
| 3 | Doc. Eimantas Peifius Filosofija tai
4. Dr. Ramuné Kasperavitiené Kalbotyra ne
5. Med. dr. Jonas Andriuskevigius Chirurgija = taip
i Agné Krusinskaité Teisé ne
7 Prof. Skaidrius Miliauskas Pulmonologija, vidaus ligos taip N
8. Med. dr. Rokas Bagdonas Chirurgija [ ne
9. Egle Vaizgeliene Visuomenés sveikata —T ne

Kauno regioninis biomedicininiy tyrimy etikos komitetas dirba vadovaudamasis ctikos principais nustatylais biomedicininiy
L tyrimy Etikos jstatyme, Helsinkio deklaracijoje, vaisty tyringjimo Geros klinikings praktikos taisyklémis.

Pirmininkas
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VALSTYBINE DUOMENU APSAUGOS INSPEKCIJA

Lietuvos sveikatos moksly universitetui
A. Mickevigiaus g. 9, LT- 44307 Kaunas

(registr. laisku ir el.p. greta. musteikiene@gmail.com.)

) SPRENDIMAS
DEL LEIDIMO LIETUVOS SVEIKATOS MOKSLU UNIVERSITETUI ATLIKTI ASMENS
DUOMENU TVARKYMO VEIKSMUS

2015 m. lapksitio J) 4. Nr. 2R- {54261
Vilnius

Valstybiné duomeny apsaugos inspekeija, iSnagrinéjusi Lietuvos sveikatos moksly universiteto
2015-10-21 pateikia Pranesimg dél i%ankstinés patikros (tolau — Pranesimas) dél asmens duomeny
tvarkymo mokslinio medicininio tyrimo, tikslu ir 2015-11-04 ratu Nr. DVT2-1881 pateiktus
patikslinimus (Inspekeijoje gauta 2015-10-21, reg. Nr. IR-7145 ir 2015-11-09, reg. Nr. 1R-7645),

nustate,

kad PraneSime ir patikslinimuose nurodyti asmens duomeny tvarkymo veiksmai atitinka Lietuvos
Respublikos asmens duomeny teisinés apsaugos jstatyme nustatytus asmens duomeny tvarkymo ir
duomeny subjekty teisiy igyvendinimo reikalavimus, bei numatytos tinkamos organizacinés ir technineés
duomeny saugumo priemones.

Valstybiné duomeny apsaugos inspekeija, vadovaudamasi Lietuvos Respublikos asmens duomeny
teisinés apsaugos jstatymo 33 straipsniu, Valstybinés duomeny apsaugos inspekcijos direkioriaus
2006 m. vasario 2 d. jsakymu Nr. 1T-6 patvirtinty I3ankstinés patikros atlikimo taisykliy 11 ir 18.1
punktais,

nusprendzia

Lietuvos sveikatos mokslq universitetui i8duoti leidimg atlikti Pranefime ir patikslinimuose
nurodyty asmens duomeny apie sveikata tvarkymo mokslinio medicininio tyrimo , Tuberkuliozes
mikobakterijy atsparumo vaistams ir kity veiksniy, turin¢iy jtakos tuberkuliozés gydymo i8eitims,
tyrimas®, prot. Nr. 1, tikslu veiksmus.

Sis sp1end1mas Administraciniy byly teisenos istatymo nustatyta tvarka per viena ménesi nuo jo
jteikimo dien i };ga\%mdmamas Vilniaus apygardos administraciniam teismui.

e ‘s’,‘;f fi/ ”‘g 4 ”‘XZ’?% dr. Algirdas Kun&inas

V. Perednien: 1‘9 A _,»e] p. vanda.peredniene@ada.lt;
| 1. p. ausra.guciene(@ada.lt

BiudZetiné jstaiga Tel. (8 5) 279 1445 Duomenys kaupiami ir saugomi
A. JuozapaviCiaus g. 6, Faks. (8 5) 261 9494 Juridiniy asmeny registre
LT-09310 Vilnius ElL p. ada@ada.lt Kodas 188607912
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ST. GEORGE'S RESPIRATORY QUESTIONNAIRE
LITHUANIAN

SV DZORDZO LIGONINES KLAUSIMYNAS APIE KVEPAVIMO SUTRIKIMUS (SGRQ)

Sis klausimynas yra skirtas suzinoti daugiau, kiek Jus vargina kvépavimo sutrikimai ir kiek tai turi jtakos
Jasy gyvenimui. Anketa padés nustatyti, kurie ligos aspektai sukelia Jums daugiausiai problemy, o ne kg
gydytojai ir slaugytojos galvoja apie Jisy problemas.

Pries atsakydami j klausimus, atidZiai perskaitykite instrukcijas, jei ko nesuprantate, paklauskite. Per
daug ilgai nedvejokite atsakydami j klausimus.

Pries pradedant atsakinéti j anketos klausimus:

Prasome pazymeéti, kaip Jis apibadintuméte savo Labai
dabartine sveikatos bikle (paZymeékite varnele vieng Labai gera Gera Vidutiniska  Bloga bloga

fangel): O O O O O

Copyright reserved

P.W. Jones, PhD FRCP
Professor of Respiratory Medicine,
St. George’s University of London,

Jenner Wing,

Cranmer Terrace, Tel. +44 (0) 20 8725 5371
London SW17 ORE, UK. Fax +44 (0) 20 8725 5955
Lithuania / Lithuanian version 1
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Sv. Dzordzo ligoninés klausimynas apie kvépavimo sutrikimus
| DALIS

Klausimai apie per pastaruosius 3 ménesius Jus varginusius kvépavimo sutrikimus.

Prasome pazymeéti varnele (v') tik vieng
langelj prie kiekvieno klausimo:

beveik keletg tik esant
kiekvieng  keletg dieny  kvépavimo
savaités dieny per taky nei
dieng per savaite ménes;j infekcijai karto
1. Per pastaruosius 3 ménesius koséjau: O O | O ]
2. Per pastaruosius 3 ménesius atkosédavau
skrepliy: ] ] L] ] ]
3. Per pastaruosius 3 ménesius man trikdavo
oro: [ [ (] [ (]
4. Per pastaruosius 3 ménesius Svoks¢iancio
dusulio priepuoliai mane buvo istike: ] ] ] ] (]

5. Kiek per pastaruosius 3 ménesius patyréte stipriy ar labai
nemaloniy kvépavimo sutrikimo priepuoliy?

Prasome pazyméti varnele (¥') tik vieng langelj:
daugiau nei 3 priepuolius

3 priepuolius

2 priepuolius

1 priepuolj

oOooo

priepuoliy nebuvo
6. Kiek tesési sunkiausias priepuolis?
(Jei sunkiy priepuoliy nebuvo, pereikite prie 7 klausimo)
Prasome pazyméti varnele (v') tik vieng langelj:
savaite ar ilgiau
3 dienas ar ilgiau
1 ar 2 dienas

Ooooo

trumpiau nei 1 dieng
7. Kiek per pastaruosius 3 ménesius buvo gery
dieny per jprastg savaite (kai kvépavimo sutrikimai buvo nezymiis)?
Prasome pazymeéti varnele (') tik vieng langelj:
gery dieny nebuvo
1 ar 2 geros dienos
3 ar 4 geros dienos
beveik kiekviena diena buvo gera

oooon

kiekviena diena buvo gera

8. Jei Jus vargina $voksc¢iantis dusulys, ar jis stipresnis ryte Jums atsikélus?
Prasome pazyméti varnele (¥') tik vieng langelj:
Ne

Taip ]

Lithuania / Lithuanian version 2
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Sv. Dzordzo ligoninés klausimynas apie kvépavimo sutrikimus
Il DALIS

| skyrius

Kaip Jis apibldintuméte savo kvépavimo bikle?
Prasome pazymeéti varnele (v') tik vieng langelj:
Tai pats didziausias mano rupestis ]
Sukelia man daug rapesc¢iy L]
Sukelia man Siek tiek rapesciy ]
Nekelia man jokiy ripesciy ]

Jei JUs kada nors dirbote:
Prasome pazymeéti varnele (') tik vieng langelj:
Turéjau atsisakyti darbo dél kvepavimo sutrikimy [
Kvépavimo sutrikimai trukdo man dirbti ar priverté mane pakeisti darbg ]
Kvépavimo sutrikimai neturi jtakos mano darbui ]

Il skyrius

Atsakykite, kokia veikla pastarosiomis dienomis Jums paprastai sukelia dusulj.

Prasome prie kiekvieno teiginio pazyméti varnele (v') teisingg
atsakyma, kuris Jums tinka pastarosiomis dienomis:

Taip Ne

Ramus sédéjimas ar guléjimas ] L]
Prausimasis ar rengimasis ] L]
Vaiks¢iojimas po namus ] ]
Vaiksciojimas lygioje vietoje lauke ] ]
Lipimas laiptais auk$tyn vieng aukstg ] L]
Lipimas | kalnelj (kalva) [ O]

Sportas ar fiziniai zaidimai [ ]

Lithuania / Lithuanian version
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Sv. Dzordzo ligoninés klausimynas apie kvépavimo sutrikimus
Il DALIS

Il skyrius

Dar keli klausimai apie kosulj ir dusulj, kamuojantj Jus pastarosiomis dienomis.
Prasome prie kiekvieno teiginio pazyméti varnele (v') teisingg
atsakyma, kuris Jums tinka pastarosiomis dienomis:

Taip Ne

Kosulys man sukelia skausmg O] O]

Kosulys mane vargina L] L]

Kai kalbu, mane dusina L] L]

Pasilenkus mane dusina [ L]

Kosulys ir kvépavimo sutrikimai trukcriT(])ierrs;'?)?i 0 0
AS greitai i§senku ] ]

IV skyrius
Klausimai apie tai, kokig dar jtaka kvépavimo sutrikimai turi Jums pastarosiomis dienomis.

Prasome prie kiekvieno teiginio pazyméti varnele (v') teisingg

atsakyma, kuris Jums tinka pastarosiomis dienomis:

Taip Ne

Kosulys ar kvépavimo sutrikimai kity Zmony tarpe trikdo mane
Mano kvépavimo sutrikimai trikdo mano $eima, draugus ar kaimynus
AS i8siggstu ar supanikuoju, kai negaliu atgauti kvapo
Jauciu, kad negaliu kontroliuoti savo kvépavimo sutrikimy
Nesitikiu, kad mano kvépavimas pagerés
Tapau nejgaliu dél savo kvépavimo sutrikimy
Man sportuoti nesaugu

OoooOooo O
Ooooodoo

Atrodo, kad viskas reikalauja labai daug pastangy
V skyrius
Klausimai apie vartojamus vaistus. Jei Jis vaisty nevartojate, pereikite prie VI skyriaus.

Prasome prie kiekvieno teiginio pazymeéti varnele (v') teisingg
atsakyma, kuris Jums tinka pastarosiomis dienomis:

Taip Ne
Mano vaistai man nelabai padeda [l L]

Jaugiuosi nepatogiai, vartodamas vaistus kity
Zmoniy tarpe ] O

Vartojami vaistai man sukelia nemalonius
pasalinius reiskinius ] L]
Vaistai labai trukdo mano gyvenimui O] |

Lithuania / Lithuanian version
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Sv. Dzordzo ligoninés klausimynas apie kvépavimo sutrikimus
Il DALIS

VI skyrius
Sie klausimai yra apie tai, kiek kvépavimas gali turéti jtakos Jisy veiklai.
Prasome prie kiekvieno teiginio pazyméti varnele (v')
teisingg atsakyma, kiek tai susije su Jisy kvépavimu:
Taip Ne
AS ilgai prausiuosi arba rengiuosi

Negaliu maudytis vonioje ar duse, arba tai ilgai trunka
Vaikstau léc¢iau nei kiti Zmonés ar sustoju pailséti
Darbai, tokie kaip namy tvarkymas, uzima daug laiko arba turiu sustoti pailséti

Jei lipu laiptais vieng auksta, turiu lipti létai ar sustoti

Oooodono
Oooodono

Jei skubu ar einu greitai, turiu sustoti ar sulétinti tempg

Dél kvépavimo sutrikimy man sunku kopti j kalng, nesti daiktus aukstyn laiptais,
dirbti nesunkius darbus sode (ravéti), Sokti, zaisti lengvus Zaidimus, medzioti,

priziréti vaikus ] ]

Dél kvépavimo sutrikimy man sunku nesti sunkius nesulius, kasti Zeme ar sniega,
bégti ristele ar grei¢iau eiti (mazdaug 8 km/h greiciu),zaisti tenisg ar plaukti ] ]

Dél kvépavimo sutrikimy man sunku sunkiai fiziSkai dirbti, bégti, vaZiuoti dviraciu,
greitai plaukti ar rungtyniauti Zaidziant sportinius zaidimus ] ]

VIl skyrius

Mes norétuméme Zinoti, kokia jtakq kvépavimo sutrikimai paprastai turi Jisy kasdieniniam
gyvenimui.
Prasome prie kiekvieno teiginio pazyméti varnele (v') teisingg
atsakyma, kiek tai susije su kvépavimo sutrikimais:

Taip Ne

Negaliu sportuoti ar Zaisti O] |

Negaliu iSeiti pasilinksminti ar praleisti laisvalaikj L] L]
Negaliu iSeiti i§ namy | parduotuve apsipirkti ] O
Negaliu tvarkyti namy ] O

Negaliu nueiti toli nuo savo lovos ar kédés ] L]

Lithuania / Lithuanian version 5
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Sv. Dzordzo ligoninés klausimynas apie kvépavimo sutrikimus

Zemiau isvardintos kitos veiklos rasys, kurias gali riboti Jiisy kvépavimo sutrikimai. (Nereikia jy
pazZyméti, mes tik paprasciausiai primename, kaip dusulys gali jtakoti Jasy gyvenima):

Pasivaik$¢iojimas ar Suns vedziojimas

Darbas namuose ar sode

Lytiniai santykiai

Ejimas | baznygig, kavine ar pasilinksminimy vietg

I1Séjimas i namy blogu oru ar buvimas prirkytose patalpose

Seimos ar draugy lankymas, Zaidimas su vaikais

Prasome jrasyti bet kuriuos kitus svarbius uzsiémimus, kuriais uZsiimti Jums gali trukdyti Jasy
kvépavimo sutrikimai:

Dabar pazymékite langelyje (tik viename), kuris teiginys, Jisy nuomone, geriausiai atitinka
kvépavimo sutrikimy jtakg Jums:

Tai netrukdo man atlikti nieko, kg as noréciau ]

Tai trukdo atlikti keletg dalyky, kuriuos noréciau padaryti ]
Tai trukdo atlikti dauguma dalyky, kuriuos noréciau padaryti ]
Negaliu nieko veikti, kg noréciau ]

Acid, kad uZpildéte Sig anketg. Prie$ baigdami, prasome patikrinti, ar atsakéte j visus klausimus.
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