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In Ukraine the number of patients with newly diagnosed tuberculosis (NDTB) who successfully complete the course of treat-
ment reaches 60-65 % today. This is while the World Health Organization (WHO) criteria for successful treatment of this
category of patients is 85 %. Scientists around the world are studying the possible pathogenetic factors of treatment failure
of antimycobacterial therapy in patients with tuberculosis. Nowadays, the impact of vitamin D has been widely studied in this
area. Studying of the dynamics of this indicator in patients with NDTB with widespread destructive tuberculosis in the lungs
and bacterial excretion with the purpose of finding new markers of progression of a specific process and failure of treatment,
as well as finding possible ways of additional pathogenetic therapy to accompany patients is actual. This approach will prevent
treatment failure and, as a consequence, improve treatment efficiency.

Purpose. To determine changes in the pro-hormone levels of vitamin D 25(OH)D in patients with NDTB treatment failure
during the intensive phase of antimycobacterial therapy.

Materials and methods. A prospective study involving 58 patients with NDTB lungs was performed. The patients were divided into 2
groups: 28 patients with pulmonary NDTB treatment failure were included in the 1 group (the main group), 30 patients, who subsequently
successfully completed the course of treatment were included in the 2 group (comparison group). The control group consisted of 29
healthy volunteer-donors. All the patients had been in inpatient treatment in Communal Institution “Zaporizhzhia Regional TB Clinical
dispensary” during 2017-2019 years. Scientific medical-laboratory center of Zaporizhzhia State Medical University researched changes
of the level of 25(OH)D in the blood serum by method of enzyme linked immunosorbent assay using immunoassay analyser Sirio S
with “DIAsource ImmunoAssays S.A.” kit (Belgium) (ng/ml). Blood sampling was made after an ovemight fast. Blood was collected
uniformly throughout the year in all patients and volunteers to avoid the effect of seasonal variability in vitamin D in the blood.

Results. While healthy volunteers have a reduction in the level of pro-hormone 25(OH)D only in 51.7 % of cases (deficiency
in 13.8 % and insufficiency in 37.9 %), patients with NDTB with generalized specific process in the lungs, the presence of
destruction of over 3 cm in diameter and bacterial excretion at the beginning of intensive phase of antimycobacterial therapy
(0 doses), have its decrease in 96.5 % (81 % deficiency and 15.5 % insufficiency). 1/3 of patients (35.7 % at the 0" dose and
32.1 % at the 90" dose) with tuberculosis treatment failure have pro-hormone levels 25(OH)D less than 7 ng/ml, whereas
in patients who successfully completed the course of treatment, this concentration of pro-hormone 25(0OH)D was not even
diagnosed. In the dynamics, after 3 months of intensive phase of antimycobacterial therapy (90 doses) in patients with NDTB
treatment failure the levels of pro-hormone 25(OH)D continue to decrease significantly by 1.3 times relative to the initial values,
which is 1.4 times lower than in patients who successfully completed the course of treatment.

Conclusions. In the vast majority of patients with NDTB of lungs with a risk of ineffective treatment, a pronounced deficiency
of vitamin D (1/3 patients with pro-hormone levels 25(OH)D less than 7 ng/ml) is determined at the beginning of treatment,
and after 3 months of the intensive phase of antimycobacterial chemotherapy exacerbates vitamin D deficiency. Therefore,
this indicator can be used as a prognostic for the tuberculosis treatment failure and reducing the level of pro-hormone 25(0OH)
D in the dynamics require consideration of the problem of methods of its correction by the addition of vitamin D.

3MiHu piBHiB nporopmoHa BitTamiHy D 25(0H)D y xBopux Ha HeepEKTUBHO AiKOBaHWH
ynepiue AilarHoctoBaHUM Ty6epKyAbO3 AereHb

P. M. ficiHcbkuii, O. M. Pa3HaToBCbKa

B YkpaiHi yacTka xBopux Ha BriepLue AiarHoctoBaHui Ty6epkynbo3 (BATE), siki ycniluHO 3aBepLUyOTb KYpC NikyBaHHS, CTaHO-
BUTb 60—65 %, a kpuTepin BeecBiTHLOT opraHisauii oxopoHu 3a0poe’s (BOO3) yenilHoro nikyBaHHS Takux nauieHTis — 85 %.
CaiToBa HaykoBa CniflbHOTa BUBYAE MOXIMBI NATOrEHETUYHI YMHHUKN HEBAAY aHTMMIkoDaKTepianbHOI Tepanii y XBopux Ha
TyGepKynbo3. Y LibOMY acnekTi HUHI LUIMPOKO BUBYAKOTL BB BiTamiHy D. AKTyanbHUM € BUBYEHHS AMHAMIKM LIbOro NOKa3H1Ka
y xBopyx Ha BATB i3 noLwmpernm AecTpyKTUBHUM TyGepKynbO3HUM NPOLIECOM Y nereHsix i bakTepioBuAineHHs Ans noLyky
HOBWX MapKepiB NPOrpecyBaHHs cneLui4HOro NpoLecy Ta HeBaadi NiKyBaHHS, @ TakoX A5 3'9CyBaHHA MOXIIMBUX LLNAXIB
[l0[,aTKOBOI MaTOreHETNYHOI Tepanii CynpoBoay XBOpWX. Takui nigxin fae MOXNMBICTb 3anobirTi HeBaaui NikyBaHHS Ta, siK
HacnigokK, CnpusTMMeE NiABULLEHHIO €(PEKTUBHOCTI NiKyBaHHS.

MeTa po60Tu — BU3HaUMTM 3MiHU piBHIB NporopmMoHa BitamiHy D 25(OH)D y xBopux Ha HeedekTnBHO NnikoBaHuin BT nereqb
y NpoLeci iHTEHCUBHOI (haau aHTUMiIKoGaKTepianbHoi Tepanii.

Matepianu Ta meToau. BukoHanm npocnekTuBHe JOCMIMKEHHS, B sike 3anyyunu 58 xsopux Ha BOTB nereHb. MNauieHTiB
noginunu Ha 2 rpynu: y 1 (0CHOBHy) BkkouMnu 28 ocib i3 HeedhekTBHO NnikoBaHuM B TB nerexb, y 2 rpyny (nopiBHsHHSA) — 30
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XBOPWX, 5IKi 3rofOM YCMiLLHO 3aBEPLUMN KypC MikyBaHHS. KOHTPOMbHY rpyny yTBopuv 29 30opoBuX AOHOPIB-BOIOHTEPIB. YCi
nauieHTv nepebyBanu Ha cTauioHapHoMy nikyBaHHi B KY «3anopisbkuin 06nacHuii npoTuTy6epKynbo3HUI KNiHIYHUIA AucnaH-
cep» y 2017-2019 pp. [ocnimkeHHs piBHiB nporopmoHa BitamiHy D 25(0OH)D 3aiicHunm B Has4anbHomy meayko-nabopa-
TOPHOMY LIEHTPi 3anopi3bKoro AepKaBHOrO MEANYHOIO YHIBEPCUTETY METOAOM TBepA0a3HOro iMyHOEPMEHTHOTO aHaniay,
BUKOPUCTOBYtOUN iMyHObepmeHTHMIA pigep Sirio S i Habopu «DIAsource ImmunoAssays S.A.» (Benbrisi), (Hr/mn). 3pasku
KPOBI NaLjieHTiB Gpanu BpaHLi HaTLLe. Y BCiX XBOPUX Ta Y BOJIOHTEPIB KPOB Gpanit piBHOMIPHO MPOTSTOM POKY NS YHUKHEHHS
BNNMBY CE30HHOI BapiabenbHOCTi BiTamiHy D y KpoBi.

PesynbraTi. Y 300poBUX BONOHTEPIB 3HWMXEHHS piBHA nporopmMoHa 25(0OH)D BusHaunnu Tinbku y 51,7 % sunagkis (aedi-
umt —y 13,8 %, HepgocTaTHicTb — y 37,9 %). Y xBopux Ha BATB nereHb i3 nowmpernm cneuydidHMM NpoLEeCcOoM Y NEreHsx,
HasIBHICTIO JECTPYKLUI NoHa 3 cM y diameTpi Ta bakTepioBUAINEeHHsM Ha NovaTKy iHTEHCUBHOI dhasu aHTUMikobakTepianbHOI
Tepanii (0 803) 3HkeHHs piBHs nporopMoHa 25(0OH)D giarHoctysanuy 96,5 % (y 81 % — aediumt, y 15,5 % — HepgocTaTHiCTb).
1/3 xBopux (35,7 % Ha 0 gosi ta 32,1 % Ha 90 [03i) 3 HeedekTUBHO NikoBaHUM TyBEPKYNbO30OM MaKTh PiBHI MPOropMoHa
25(OH)D MeHLUi Hix 7 Hr/M1, a y XBOpUX, ki YCMILLHO 3aBEPLUNIN KypC NiKyBaHHS, Taky KOHLEHTpaLito nporopmora 25(0H)D
HaBITb HE BU3HaYanu. Y auHamilli, Yepes 3 Micsili iHTEHCBHOI hasn aHTuMikobakTepianbHoi Tepanii (90 4o3), y XBOpUX Ha
HeedpekTBHO nikoBaHwi BATE nereHb pisHi nporopmoHa 25(0OH)D BiporigHo NpogoBxytoTb 3HWKyBaTucs B 1,3 pasa woao
Mo4aTKOBKX 3Ha4eHb; Lie B 1,4 pa3a MeHLLIE HK MOKa3HUKM NaLieHTiB, SKi YCNiLLHO 3aBepLUMIIA KYPC JTiKyBaHHS.

BucHoBku. Y 6inbLiocTi xBopux Ha BATH nereHb i3 puankom HeedeKTUBHOTO NikyBaHHS BU3Ha4Yamu BUpasHui aediumt
BiTamiHy D (y 1/3 xBopux piBHi nporopmoHa 25(OH)D meHLui Hix 7 Hr/Mn) Ha novaTky nikyBaHHS, a Yepes 3 MicALi iHTEHCUBHOT
dhasu aHTUMikobakTepianbHoi XimioTepanii nornmubntoeTbesa gediunT BiTaminy D. OTxe, Lie Noka3HUK MOXHa 3aCTOCOBYBaTH
SK NPOTHOCTUYHUIA LOAO HeedeKTUBHOIO NikyBaHHS TyOepKynbo3y, a 3HWKEHHS piBHA nporopMoHa 25(0H)D y auHamMili
noTpebye 3'AcyBaHHs AOLINBHOCTI METOAIB NOro KOPeKLi WNsXoM ofaBaHHs npenaparis BitamiHy D.

W3meHeHusa ypoBHeW nporopmoHa Butamuua D 25(0H)D Knioueebie croea:

y 60AbHbIX HE3)PEKTUBHO AeYEHHBIM BREepBble AMAarHOCTUPOBAHHBIM TYOEPKyAES,
Heypada AeveHna,

Ty6epKyAe30M AerKuX BUTaMMH D.

P. H. AicuHckuu, E. H. Pa3HaToBcKas NMatonorus. 2020.

T.17, Ne 1(48).

B YkpauHe nons 6onbHbIX C BNepBble AnarHoCTMpoBaHHbIM Tybepkyne3om nerkux (BOTB), KoTopble yCneLwHo 3akaHumnBatoT C 6870

Kypc neyeHusi, coctasnsiet 60-65 %, a kputepuit BcemmnpHol opraHusaumy 3npaBooxpaHenms (BO3) ycnelwHoro neyeHns
3TOW KaTeropum naumeHToB coctaenseT 85 %. YueHble BCEro Mupa 13y4aloT BO3MOXHbIe NaToreHeTnyeckune hakTopbl He-
yAaun aHTUMmkobakTepransHor Tepanumn y 60nbHbIX Ty6epkynesom. B aTom acnekTe LWMPOKO U3yyaroT BnnsHue ButammHa D.
AKTYyanbHo 13y4eHne AuHaMUKL 3TOro nokasatens y 6onbHbIx BTB ¢ pacnpocTpaHeHHbIM AECTPYKTUBHBIM Ty6epKynesHbIM
MpOLIeCCOM B Nerknx 1 6akTepuoBblaeneHneM Ans noncka HoBbIX MapkepoB MPOrpeccpoBaHus cnelmguyeckoro npolecca
1 HeaPHEKTUBHOIO NMEeYeHNs], a Takke YCTaHOBMEHNS BO3MOXHbIX NyTe 4ONONHUTENLHOWM NaTOreHeTUYeCkon Tepanum co-
npoBoXaeHns BonbHbIX. Takol NoaXoa NO3BONUT NMPeAYNpeanTb Heyaady nevyeHus v, kak cneacTaune, 6yaeT cnocobeToBaTh
MOBBbILLEHNIO 3PDEKTUBHOCTY NEYEHMS.

Llenb pa6oTbl — onpenenuTs U3MEHEHVs ypoBHe NporopMoHa ButamiHa D 25(OH)D y 60mbHbIX ¢ HE3hMEKTUBHO NEYEHHbIM
BOTB nerkux B npoLecce MHTEHCUBHOW (hasbl aHTUMUKOOaKTepuanbHON Tepanmu.

Marepuans! v MeToAbl. BbiNonHeHo NpocnekTMBHOE UCCefoBaHwe, B KOTopoe BoLLnW 58 6onbHeix BOTE nerkux. MauveHToB
nogenunu Ha 2 rpynnbl: 1 (0CHoBHas) — 28 nauneHToB ¢ HeaheKTUBHO nedeHHbIM BATE nerkvx; 2 rpynna (cpaBHeHms) — 30
naLyeHTOB, KOTOPbIE MOTOM YCMELLHO 3aBePLUIIN KYPC NeYeHnst. KOHTPOIbHYI0 rpynny cocTaBuiv 29 340pOBbIX JOHOPOB-BO-
NOHTEPOB. Bce naumeHTbl HaxoaunMehb Ha CTauyoHapHOM NeveHum B KY «3anopokckuii 06nacTHoi NpoTMBoTY6epKynesHbIi
KnuHuyeckuin aucnaxcep» B nepuog 2017-2019 rr. MiccnepnosaHrue ypoBHeii nporopmoHa ButamuHa D 25(0OH)D BbinonHunm
B Y4ebHOM Meanko-nabopaTopHOM LieHTpe 3anopoXcKoro rocyAapCTBEHHOTO MEANLIMHCKOTO YHUBEpCUTETa METOAOM TBEP-
£,0ha3HOro MMMYHOEPMEHTHOTO aHanuaa ¢ UCnornb3oBaHMeM MMMyHOepMeHTHOro puaepa Sirio S n Habopos «DIAsource
ImmunoAssays S.A.» (benbrus), (Hr/mn). O6pasubl KPOBY NaLMeHTOB Gpanu yTpoM HaToLLak. Y Bcex 60MbHbIX 1Y BONIOHTEPOB
KpoBb COBMpany paBHOMEPHO B TeYeHWe rofa Ans u3beraHns BIUSHIUS Ce30HHON BapuabenbHocTu ButammHa D B kpoBsu.

PesynbraTbl. Y 300pOBbIX BOMIOHTEPOB CHUXEHWe ypoBHS nporopMoHa 25(0OH)D yctaHoBneHo Tonbko B 51,7 % crnyyaes
(nedvumt — B 13,8 %, HepocTatouHOCTb — B 37,9 %). Y 60nbHbIX BATH ¢ pacnpocTpaHeHHbIM crieumnu4eckum npoLeccom
B IIETKMX, C Hanu4nem AecTpykumin 6onee 3 cM B anameTpe 1 6akTepuoBbIAENEeHNEM B Ha4are MHTEHCUBHOMN (hasbl aHTUMW-
kobakTepuansHomn Tepanum (0 fo3) cHkeHre nporopmoHa 25(0OH)D yctaHoeneHo y 96,5 % (y 81 % — pedouunt, y 15,5 % —
HEOCTaTOMHOCTh). 1/3 60nbHbIX (35,7 % Ha 0 go3e 1 32,1 % Ha 90 fo3e) ¢ HeadhHEKTMBHO JIEYEHHBLIM TYBEpKYIE30M UMEHT
ypoBHY nporopmoHa 25(0OH)D meHbLLe 7 Hr/MI. Y 60MbHbIX, KOTOPbIE YCNELIHO 3aBEPLUMM KYPC NEYEHNS, Takast KOHLEHTpaLms
nporopmoHa 25(0OH)D paxe He anarHocTMpoBaHa. B auMHamuke, Yyepes 3 Mecsla MHTEHCUBHOM hadbl aHTUMMKODAKTepy-
anbHoi Tepanuu (90 [03), y 60mnbHbIX ¢ HeapdeKTNBHO NeYeHHbIM BOTE nerkux yposHu nporopmona 25(0OH)D goctoBepHo
NPOAOMKAIOT CHKATLCA B 1,3 pasa OTHOCUTENLHO HavasbHbIX 3HAYEeHWI; 3T0 B 1,4 pasa Huxe OTHOCUTENLHO nokasaTtenen
nauneHToB, KOTOPble YCMeLHO 3aBepLUNIIN KypC JNIEYEHMS.

BbiBoabl. Y 60onblwmnHcTBa BonbHbIX BOTE nerkvx ¢ puckom HeahdeKTUBHOIO NEYEHNs YCTaHOBMEH BbIpaxXeHHbIN Aedu-
umt BuTammHa D (y 1/3 naumeHToB ypoBHu nporopmoHa 25(0OH)D MeHbLue 7 Hr/Mn) B Havane nevenHust, a Yyepes 3 mecsua
VHTEHCVBHOW (ha3bl aHTUMMKODaKTepuanbHoW XxumuoTepanuu ycyrybnserca aedpuumt ButammHa D. Takum obpaom, atot
rnokasaTtenb MOXHO 1CMOomnb30BaThb Kak MPOrHOCTUYECKUIA KacaTenbHO HeadhEKTUBHOMO NedeHns Tybepkynesa, a CHkeHve
ypoBHsi nporopmoHa 25(0OH)D B anHamuke obycnosnunBaeT HeOBXOAMMOCTb PAaCCMOTPEHUS BOMpOCca LienecoobpasHocTu
METO/0B €ro KoppeKumumn nyTem fobaBneHns npenaparos ButammHa D.
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Table 1. The study groups distribution by age and gender

Men

Women
Average age, years

The 1% group The 2" group
(n=28) (n=30) (n=29)

20 (71.4 %) 23 (76.7 %) 19 (65.6 %)

8(28.6 %) 7(23.3%) 11 (34.4 %)

46.04 £ 2.09 43.0+3.48 422+29

Newly diagnosed tuberculosis (NDTB) treatment failure
is established in the patient according to the Ukrainian
unified clinical guide of medical care (UUCGMC)
“Tuberculosis” [1]. In Ukraine the number of patients
with NDTB who successfully complete the course of
treatment reaches 60-65 % today [2]. This is while
the World Health Organization (WHO) criteria for suc-
cessful treatment of this category of patients is 85 %.
The most important of causes of treatment failure are
lack of adherence to treatment [2] and late detection of
tuberculosis (when patients are diagnosed with massive
bacterial excretion, a generalized process in the lungs
and destructions) [3]. Ukrainian scientists mention [4]
that changing the structure of clinical forms of tubercu-
losis toward widespread and acute-progressing forms
will further reduce the effectiveness of treatment. At
the same time, scientists around the world are studying
the possible pathogenetic factors of treatment failure
of antimycobacterial therapy (AMBT) in patients with
tuberculosis. Nowadays, the impact of vitamin D has
been widely studied in this area.

The following mechanisms of regulation of the im-
mune response by vitamin D in patients with tubercu-
losis have been established: activates macrophages,
promotes the enhancement of antimycobacterial action
of cathelicidin and y-interferon, activates oxidative
stress [5]. It is believed that the gold standard for de-
termining the content of this vitamin is the evaluating
of the concentration of pro-hormone vitamin D -
25(0OH)D [6].

Povorozniuk V. V et al. indicate that the vast majority
of the population of Ukraine (81.8 %) has a deficiency of
vitamin D and 4.6 % inhabitants — insufficiency [6].

When comparing the levels of vitamin D pro-hormone
in infected individuals and patients with active tuber-
culosis, the findings of the scientists have differences.
Aibana O. et al. [5] and Gurjav U. et al. [7] on the basis
of the obtained data argue that low levels of vitamin D
in people with latent tuberculosis infection contribute to
the development of active disease. Hong Y. et al. [8] note
significantly lower levels of 25(OH)D in patients than in
infected individuals. Ashenafi S. et al. [9] indicate that
there is no difference between vitamin D pro-hormone
levels between the compared contingents.

Wang Q. Z. et al. [10] indicate that patients with active
tuberculosis with very low pro-hormone 25(0OH)D levels
(less than 8.5 ng/ml) have more severe disease symp-
toms. Memon A. et al. [11] detect a deficiency of pro-hor-
mone vitamin D in the blood of patients with pulmonary
tuberculosis with bacterial excretion and the presence
of destructions.

In contrast to foreign authors, the role of vitamin D in
the course of tuberculosis in children [12] and in adults
with comorbid tuberculosis/chronic obstructive pulmonary
disease [13] has been studied by Ukrainian scientists.
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Both articles point to the important role of vitamin D in
pathogenesis of tuberculosis. However, there are no
data available in domestic literature about the dynamics
of vitamin D levels in treatment failure newly diagnosed
tuberculosis patients in dynamics.

Thus, due to the data on the predominantly low
levels of vitamin D in Ukrainian population and the effect
of pro-hormone 25(OH)D on the course of tuberculosis,
studying of the dynamics of this indicator in patients
with NDTB with widespread destructive tuberculosis in
the lungs and bacterial excretion with the purpose of
finding new markers of progression of a specific process
and failure of treatment, as well as finding possible ways
of additional pathogenetic therapy to accompany patients
is actual. This approach will prevent treatment failure and,
as a consequence, improve treatment efficiency.

Aim
To determine changes in the pro-hormone levels of vitamin

D 25(0OH)D in patients with NDTB treatment failure during
the intensive phase of AMBT.

Materials and methods

A prospective study involving 58 patients with NDTB
lungs was performed. The patients were divided into
2 groups: 28 patients with pulmonary NDTB treatment
failure were included in the 1%t group (the main group),
30 patients, who subsequently successfully completed
the course of treatment were included in the 2™ group
(comparison group). The control group consisted of 29
healthy volunteer-donors.

The age and gender of people in groups did not differ
significantly (Table 1).

All the patients had been in inpatient treatment in
Communal Institution “Zaporizhzhia Regional TB Clinical
dispensary” during 2017-2019 years. Patients had been
included in the study after signing the informed and vol-
untary consent. The study was approved by Commission
for Bioethics of Zaporizhzhia State Medical University
(Protocol Ne 1 of 02.02.2017).

Scientific medical-laboratory center of Zaporizhzhia
State Medical University researched changes the level of
25(0OH)D in the blood serum by method of enzyme linked
immunosorbent assay usingimmunoassay analyser Sirio S
with “DIAsource ImmunoAssays S.A.” kit (Belgium) (ng/ml).
Blood sampling was made after an overnight fast. Blood
was collected uniformly throughout the year in all patients
and volunteers to avoid the effect of seasonal variability
in vitamin D in the blood.

Entry criteria: newly diagnosed pulmonary tubercu-
losis, widespread pulmonary tuberculous process (infil-
trative and disseminated), destructions in the pulmonary
tissue over than 3 cm long and bacteriological proof.

Exclusionary criteria: other cases of the 2" categoria
[1], chemoresistant tuberculosis, co-infection (TB/HIV),
comorbidities, age over 70 years, non-compliance for
treatment.

Since the widespread pulmonary tuberculous
process was diagnosticated in the 15t and 2™ groups’
patients, an intensive phase (IP) for patients was 90
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Table 2. Distribution of patients in groups depending on the concentration of pro-hormone 25(0OH)D at its low values

Concentration
of pro-hormone 25(0H)D

The 1%t group (n = 28) The 2™ group (n = 30)

0 doses 90 doses 0 doses 90 doses
% abs. %
<10 ng/ml 1 39.3 1 39.3 8 26.7 8 26.7
<9 ng/ml 10 35.7 10 35.7 4 13.3 8 26.7
<8 ng/ml 10 35.7 10 357 4 13.3 6 20
<7 ng/ml 10 35.7 9 82815 0 0 0 0

*: a significant difference between indicators of groups at the 0 doses, P < 0.05; #: a significant difference between indicators of groups at the 90 doses, P < 0.05.

doses. Therefore, treatment efficacy was evaluated in 3
months according to the Unified medical care protocol
“Tuberculosis” [1].

Pro-hormone vitamin D 25(0H)D level was conducted
at the beginning of IP of the treatment (0 doses) and at
the end of IP (after 3 months of the treatment— 90 doses).

Statistica for Windows 13.0 (Copyright 1984-2018
TIBCO Software Inc. All rights reserved. Licence Ne
JPZ8041382130ARCN10-J) software was used for
the statistical analysis. Normality of distribution of
the quantitative indicators was performed by Shapiro—
Wilk test. Research evidence are submitted in a form
Mt m, where M stands for average mean, m stands for
mean error. The statistical significance of differences
between groups was determined using Student’s T-test
(since the normality of distribution of the quantitative
indicators was performed). The significance of the dif-
ference in the distribution of indicators (the distribution
of patients in study groups in dynamics of treatment
depending on the status of pro-hormone 25(0OH)D)
between groups was determined by comparison of
frequencies. To compare qualitative indicators (distri-
bution of patients in groups depending on the concen-
tration of pro-hormone 25(0OH)D at its low values) used
the method of x-squares with Yates correction. The
results considered to be significant only if the P-value
was lower than 0.05.

Results

Given that the concentration of pro-hormone 25(0OH)D
less than 20 ng/ml is a deficiency of vitamin D, and
the concentration of 21-29 ng/ml is its insufficiency [5],
the distribution of patients in the study groups during treat-
ment depending on the status of pro-hormone 25(0OH)D
was done (Fig. 1).

As we can see, healthy volunteers had pro-hormone
25(0OH)D deficiency only in 4 people (13.8 %) and its
insufficiency in 11 (37.9 %). This indicator was normal
in almost half of the people — 17 (48.3 %). Analyzing
the data of patients, it was found that the frequency of both
pro-hormone 25(OH)D deficiency and its insufficiency was
almost the same and did not differ significantly in patients
of both groups 1 and 2 at the beginning of IP of AMBT (0
doses). Thus, in the vast majority of the 1stand 2™ groups’
patients there was a pro-hormone 25(0OH)D deficiency (in
22 (78.6 %) and 25 (89.3 %) patients, respectively), which
is significantly more frequent than in healthy volunteers:
by 5.6 times (P < 0.01) in the 1%t group and by 5.3 times
(P < 0.01) in the 2" group. However, the frequency of
pro-hormone 25(0OH)D insufficiency in patients of the 1%
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and 2" groups was lower but not significantly than in
healthy volunteers: by 2.6 times in the 1% group and by
2.2 times in the 2" group (in 4 (14.3 %) in the 1%t group
and in 5 (16.7 %) in the 2 group versus 11 (37.9 %) in
control group, P > 0.05).

At the end of IP of AMBT (90 doses) there were
no patients with vitamin D insufficiency in the 1% group
who had treatment failure (P < 0.05 compared to control
group), on the other hand, the frequency of its deficiency
increased by 10.7 (25 (89.3 % compared to 22 (78.3 %);
P >0.05) and this index normalized by 3.6 % (3 (10.7 %)
against 2 (7.1 %); P > 0.05).

In patients who successfully completed IP of AMBT
(90 doses) the frequency of persons with normal level
of pro-hormone 25(0OH)D was decreased by 3.3 % (2
patients (6.7 %) versus 3 (10 %); P > 0.05) and frequen-
cy of sick people with its insufficiency was reduced by
3.4 % (4 (13.3 %) against 5 (16.7 %); P > 0.05), instead
the frequency of its deficit increased by 6.7 % (24 patients
(80 %) at the beginning against 22 (73.3 %) at the end
of IP; P> 0.05).

Based on the data of previous studies [10], that in
patients with active tuberculosis with very low values of
pro-hormone 25(OH)D (less than 8.5 ng/ml) more severe
symptoms occur, the distribution of patients in groups
depending on the concentration of pro-hormone 25(0OH)D
at its low values was done (Table 2). The proportion of
patients with an appropriate concentration 10 ng/ml and
below was evaluated. The concentration of pro-hormone
25(0OH)D 10 ng/ml and below was not diagnosed in
healthy volunteers.

It was found that the number of patients in group 1
with 25(0OH)D level less than 7 ng/ml at the beginning of
treatment and after 3 months reached more than 1/3 of
patients (35.7 % and 32.1 % respectively), which is reli-
able distinguished patients from those who successfully
completed the course of treatment (group 2), where such
a concentration of pro-hormone 25(0OH)D (<7 ng/ml) was
not even diagnosed.

Comparing the levels of pro-hormone 25(0OH)D in pa-
tients at the beginning of treatment (0 doses), it was found
that they were reduced by 2.1 times in group 1 and by 1.7
times —in group 2 of patients relative to the corresponding
indicator in the control (14.5 £ 2.55ng/mland 18.28 + 2.77
ng/ml versus 31.04 £ 2.73 ng/ml; P < 0.01), (Fig. 2).

The dynamics showed a decrease in the levels of
pro-hormone 25(OH)D in both groups, but a significant
decrease by 1.3 times occurred in patients of 1 group
(14.5+2.55 ng/ml versus 10.9 £ 1.18 ng/ml; P < 0.05 and
18.28 + 2.77 ng/ml versus 15.48 + 2.3 ng/ml; P > 0.05).

After 3 months of treatment (90 doses), the levels of
pro-hormone 25(0OH)D remained lower in both groups
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compared to controls: by 2.8 times for 1 group and by 2
times for 2 group (10.9 £ 1.18 ng/ml and 15.48 + 2.3 ng/ml
against 31.04 £ 2.73 ng/ml; P < 0.001).

Comparing the levels of pro-hormone 25(0OH)D
after 3 months of treatment (90 doses) between 1 and 2
groups, it was found that in 1 group it was by 1.4 times
lower: 10.9 + 1.18 ng/ml against 15.48 + 2.3 ng/ml;
P <0.05.

Discussion

It was found that there are 56 (96.5 %) patients with
low levels of pro-hormone 25(0OH)D, of which 47 peo-
ple (81 %) have a deficiency and 9 (15.5 %) have a
insufficiency among 58 patients with NDTB of lungs
with generalized pulmonary involvement, destruction
of lung tissue over 3 cm in diameter and with bacte-
riological proof (which is a risk of treatment failure) at
the beginning of IP of AMBT (0 doses). These results
confirmed the findings of previous studies [11], but
Memon A. et al. determined this indicator in patients
with NDTB with bacterial excretion and the presence
of destruction, regardless of the size of affected lungs’
areas. At the same time, we found that more than 1/3
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Fig. 2. Pro-hormone 25(0OH)D levels
in groups during treatment, ng/ml.

*: significant difference between
indicators at the 0 and 90 doses
related to the control group,

P <0.05;

#: significant difference between
indicators in dynamics within one
group, P < 0.05;

+: significant difference between
indicators at the 0 and 90 doses
between 1 and 2 groups, P < 0.05.

I :

control group

of patients who will have treatment failure have levels
of 25(0OH)D below 7 ng/ml.

Afurther significant decrease in the level of pro-hor-
mone 25(0OH)D by 1.3 times in patients with treatment
failure and a its decrease (but not significant) in patients
who successfully completed the course of treatment
in dynamics in patients with NDTB of lungs was deter-
mined. Tukvadze N. et al. [14] found that the levels of
pro-hormone 25(0OH)D did not change during treatment
in patients receiving AMBT (both at the 60" and 90" dos-
es), but the researchers examined patients with bacterial
excretion, which in 78.8 % of cases had no destruction in
the lungs. Mily A. et al. [15] also did not detect changes in
vitamin D pro-hormone levels after IP of AMBT completion
(90 doses). The opposite results were obtained by Sloan
D. J. etal. [16] and Tostmann A. et al. [17], who received
data that after 2 months of IP of AMBT (60 doses) vitamin
D levels increased in patients. The authors attribute this to
the fact that in the course of treatment in patients improves
nutrition and general clinical condition, which contributes
to an increase in time spent on the street and, as a con-
sequence, increases the supply of vitamin D to the body.

Hazan Z. et al. [18] obtained results similar to ours,
they found that pro-hormone 25(OH)D levels in patients
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with bacterial excretion were significantly reduced within
3 months in patients who had deficiency, insufficiency,
and normal values. The authors explained this effect
by antimycobacterial drugs of the first line (isoniazid,
rifampicin, pyrazinamide, ethambutol) impact on the me-
tabolism of vitamin D. However, data on this effect on
vitamin D metabolism are controversial. Thus, some
researchers have found that isoniazid and rifampicin
promote the increase in serum levels of pro-hormone
25(0OH)D [19]. Others have found that first-line drugs
so affect the metabolism of vitamin D, which reduce
the vitamin D-induced production of cathelicidin by
macrophages [20].

Considering the fact that the pro-hormone 25(0OH)D
levels after 3 months of IP of AMBT (90 doses) in patients
who failed treatment were 1.4 times lower than in patients
who successfully completed the course of treatment. This
is despite the fact that all patients received the same
standardized AMBT. Therefore, it is likely that not only
drugs have an effect on vitamin D metabolism. We believe
that due to the generalized tuberculosis and presence of
the destruction over 3 cm and bacterial excretion, vitamin D
is actively involved in the protection against tuberculosis
and therefore the concentration of pro-hormone 25(0OH)D
in the serum is reduced, especially if immune answer
is insufficient to stabilize the process after 3 months of
treatment with antimycobacterial drugs and treatment
failure is diagnosed.

Conclusions

1. While healthy volunteers have a reduction in
the level of pro-hormone 25(OH)D only in 51.7 % of
cases (deficiency in 13.8 % and insufficiency in 37.9 %),
patients with NDTB with generalized specific process in
the lungs, the presence of destruction of over 3 cm in
diameter and bacterial excretion at the beginning of IP
of AMBT (0 doses), have its decrease in 96.5 % (81 %
deficiency and 15.5 % insufficiency).

2. 1/3 of patients (35.7 % at the 0" dose and 32.1 %
at the 90" dose) with tuberculosis treatment failure have
pro-hormone levels 25(OH)D less than 7 ng/ml, whereas
in patients who successfully completed the course of
treatment, this concentration of pro-hormone 25(0OH)D
was not even diagnosed.

3. In the dynamics, after 3 months of IP of AMBT (90
doses) in patients with NDTB treatment failure the levels of
pro-hormone 25(OH)D continue to decrease significantly
by 1.3 times relative to the initial values, which is 1.4
times lower than in patients who successfully completed
the course of treatment.

Thus, in the vast majority of patients with NDTB of
lungs with a risk of ineffective treatment, a pronounced
deficiency of vitamin D (1/3 patients with pro-hormone
levels 25(0OH)D less than 7 ng/ml) is determined at the be-
ginning of treatment, and after 3 months of the intensive
phase of antimycobacterial chemotherapy exacerbates
vitamin D deficiency. Therefore, this indicator can be used
as a prognostic for the tuberculosis treatment failure and
reducing the level of pro-hormone 25(OH)D in the dynam-
ics require consideration of the problem of methods of its
correction by the addition of vitamin D.
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Prospects for further scientific research. To de-
velop an algorithm for managing this category of patients
in order to reduce the number of treatment failures and
increase the effectiveness of antimycobacterial therapy.
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