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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

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

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Tuberculosis continues to be a public health crisis for whole 
world. Globally, an estimated 10.0 million people fell ill with 
TB in 2018. The burden of disease varies enormously among 
countries, from fewer than five to more than 500 new cases 
per 100 000 population per year, with the global average be-
ing around 130. There were an estimated 1.2 million TB deaths 
among HIV-negative people in 2018 and an additional 251 000 
deaths among HIV positive people. TB affects people of both 
sexes in all age groups but the highest burden is in men (aged 
≥15 years), who accounted for 57% of all TB cases in 2018. 
By comparison, women accounted for 32% and children (aged 
<15 years) for 11%. Drug-resistant TB continues to be a public 
health threat. In 2018, there were about half a million new cases 
of rifampicin-resistant TB (of which 78% had multidrug resis-
tant TB [1]. 

According to the World Health Organization (WHO), in 2018, 
the total number of notified TB Cases in Georgia was 2 590 (in-
cidence – 65 cases per 100 000 population). MDR-TB was di-
agnosed in 12% of new, and in 31% of previously treated cases. 
The treatment outcome was defined as successful in 84% of new 
and relapse cases registered in 2017 (cohort - 2351), in 65% of 
MDR/RR-TB and in 56% of XDR-TB cases started on second-
line treatment in 2016 (cohorts – 339 and 55, respectively) [2]. 

In line with WHO recommendations, the Georgian algorithm 
for TB diagnosis recommends the GeneXpert MTB/RIF test and 
the line probe assays (LPAs) as the initial diagnostic tests for 
TB [3,4]. These rapid molecular genotypic drug susceptibility 
tests (gDSTs) can identify susceptibility to the one or two (Ri-
fampicine or Isoniazid) key drugs out of four first-line anti-TB 
drugs which should be used in the DS-TB treatment regimens. 
The complete DST profile, such as susceptibility to all drugs, 
which may be included in the TB regimen, requires phenotypic 
DST (pDST), the results of which become available only two 
months after treatment initiation. Within this period only real 
DS-TB cases receives appropriate treatment. TB patients, who 
based on gDST started DS-TB treatment, but based on pDST 
are diagnosed as mono-, poly- or even as MDR- or XDR-TB 
cases, before pDST results are treated with first line drugs inap-
propriately. 

A meta-analysis of previous studies shows that inaccurate 
DST by comparison to a reference standard led to under treat-
ment of drug resistant tuberculosis and increased mortality. 
Rapid molecular DST of first- and second-line drugs at diagno-
sis is required to improve outcomes in patients with MDR-TB 
and pre-XDR/XDR-TB [5]. Comprehensive drug susceptibility 
testing (phenotypic and/or genotypic) is necessary to inform 
physicians about the best drugs to treat individual patients with 
tailor-made treatment regimens. Phenotypic drug resistance can 
now often, but with variable sensitivity, be predicted by mo-
lecular drug susceptibility testing based on e.g. whole genome 
sequencing (WGS), which in the future could become an afford-
able method for the guidance of treatment decisions, especially 
in high-burden/resource-limited settings [6]. Although commer-
cial genotypic drug-susceptibility tests (DST) are close to the 
goal, they are still not able to detect all relevant DR-TB related 

mutations. WGS allows better comprehension of DR-TB with a 
great discriminatory power; it’s able to provide all the relevant 
information about M. tuberculosis drug susceptibility in a single 
test; and also can detect a mutation in rpoB which is not covered 
by commercial genotypic DST [8]. Although, the WGS of Myco-
bacterium tuberculosis is rapidly progressed from a research tool 
to a clinical application for the diagnosis and management of tuber-
culosis [9], it’s still not available for programmatic use in Georgia.

Currently available gDSTs and pDST in Georgia gives op-
portunity to identify susceptibility to the key anti-TB drugs in 
majority of cases. In 2019, 99% of bacteriologically confirmed 
new and 93% of previously treated TB cases were tested for ri-
fampicin resistance; and 242 MDR/RR-TB cases were tested for 
resistance to any fluoroquinolone [2], but the rate of resistance 
to the other drugs, the proportion of initially registered DS-TB 
cases who in period between of gDST and pDST results receives 
treatment that is fully compliant with the individual DST profile 
and whether this compliance is associated with the treatment 
outcomes, was not assessed. A recent study was designed to de-
termine these important data. 

Material and methods. A retrospective cohort study was 
conducted with individual data of >18 years old patients who 
were registered in the National Tuberculosis Electronic Regis-
ter as the DS-TB cases from 2015 to 2020, whose DST profile 
was known and for whom the treatment outcome was defined 
until August 2020.Considering the inclusion criteria, 8468 pa-
tients, initially registered as DS-TB cases (n=1877[2015 cohort] 
+ n=1891[2016 cohort] + n=1710[2017 cohort] + n=1526[2018 
cohort] + n=1399[2019 cohort] + n=65[2020 cohort]), with 
known DST and treatment outcomes were selected as study par-
ticipants. 

The study was conducted at the National Center for Tubercu-
losis and Lung Disease as part of the Georgian National Tuber-
culosis Programme. 

During the study period TB laboratory networks in Georgia 
performed smear microscopy, Xpert MTB/RIF testing, cul-
ture on solid and liquid media, DST to the first- and second-
line drugs by automated Mycobacteria Growth Indicator Tube 
(MGIT) and LPA methods. 

The country uses a standardized electronic TB recording and 
reporting system. Case classification and definition of treatment 
category is provided using specialized TB surveillance services 
in line with the latest WHO recommendations [10].

Data variables were collected in relation to study objectives 
and included socio-demographic characteristics, laboratory 
data, data of drug susceptibility tests results and treatment out-
comes. The primary outcome was appropriateness of treatment 
defined as full compliance of prescribed regimens with gDST 
and pDST results, compared to inappropriate treatment regi-
mens, which before pDST results included resistant drug(s). TB 
treatment outcomes were categorized as successful (Cured and 
completed) or unsuccessful (Failure, Death, Lost to follow-up, 
Moved to category 4, Transfer out or Not evaluated).

The data collected were analyzed by using of EasyStat 
(https://easystat.app). A descriptive analysis was performed for 
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socio-demographic, behavioral and clinical characteristics. Bi-
variate and multivariate logistic regression analysis was used to 
measure the link between appropriateness of TB treatment and 
treatment outcome. Odds ratios and their 95% confidence inter-
vals were calculated. All the variables significant at p<0.05 in 
the bivariate analysis were included in the adjusted model.

Permission to carry out the study was obtained from the Na-
tional Center for Tuberculosis and Lung Diseases (NCTLD) in 
Georgia. Local ethics approval was obtained from the Ethics Re-
view Board of the NCTLD. 

Results and discussion. The data of 13994 TB patients ini-
tially registered as DS-TB cases from 2015 and 2020 cohorts 
were extracted from the National Tuberculosis Electronic 
Register. According to the inclusion criteria, 8468 TB pa-
tients with known DST results and treatment outcomes were 
selected as the study participants (Fig. 1). From this, at initial 
stage of TB diagnosis based on rapid molecular gDST results 
the appropriate treatment regimen was prescribed and later, 

within period of 8 weeks treatment, based on pDST results 
the appropriateness of this regimen was confirmed in 8284 
(97.8%) cases. These patients were defined as the group, for 
whom in period between gDST and pDST results an appropri-
ate treatment regimen was used. In 184 (2.2%) cases, based on 
pDST, resistance to the different first and second line anti-TB 
drugs and therefore non-appropriateness of initially prescribed 2 
months treatment was identified. These patients were defined as 
the group for whom before pDST results an inappropriate treat-
ment regimen was used.

As the first stage the socio-demographic and clinical charac-
teristics of selected 8468 (100%) TB patients were summarized 
(Table 1). From the total 8468 (100%) patients, who initially 
were registered as the DS-TB cases, finally based on gDST and 
pDST results, the DS-TB was confirmed in 7451 (88%) cases; In 
730 (8.6%) cases mono- and poly-resistance and in 287 (3.4%) 
cases Rifampicin, Multi- or Extensively drug resistant Tubercu-
losis (RR/MDR/XDR-TB) was detected. 

Fig. 1. Study flow chart

Table 1. Socio-demographic and clinical characteristics of the study participants, N=8468 
(TB patients, initially diagnosed as DS-TB cases; Georgia; 2015–2020 cohorts)

Categories Subcategories Total N=8468 

Gender (n,%) Female 2220 (26.2%)

Male 6248 (73.8%)

Age (n,%) 18-34 2662 (31.4%)

35-54 3450 (40.7%)

55 2356 (27.8%)

Region (n,%) High 2622 (31%)

Low 1633 (19.3%)

Middle 4213 (49.8%)
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Categories Subcategories Total N=8468 

Employment (n,%) Employed 1057 (12.5%)

Military 17 (0.2%)

Minor 84 (1%)

Unemployed 7040 (83.1%)

Unknown 270 (3.2%)

HIV(+) (n,%) No 6973 (82.3%)

Unknown 1328 (15.7%)

Yes 167 (2%)

HCV(+) (n,%) No 1019 (12%)

Unknown 7265 (85.8%)

Yes 184 (2.2%)

TB Form (n,%) EPTB 404 (4.8%)

PTB 8064 (95.2%)

TB Case (n,%) New Case 6552 (77.4%)

Previously Treated Case 1916 (22.6%)

AFB(+) at diagnosis (n,%) No 4057 (47.9%)

Not Done 480 (5.7%)

Yes 3931 (46.4%)

Xpert/MTB(+) (n,%) No 400 (4.7%)

No Result 78 (0.9%)

Unknown 769 (9.1%)

Yes 7221 (85.3%)

Xpert/RR(+) (n,%) Indeterminate 102 (1.2%)

No 6874 (81.2%)

Unknown 1283 (15.2%)

Yes 209 (2.5%)

Culture (+) (n,%) No 664 (7.8%)

Not done 37 (0.4%)

Unknown 605 (7.1%)

Yes 7162 (84.6%)

Bacteriological Confirmation (n,%) C+Yes 1247 (14.7%)

Xpert/C+Yes 5915 (69.9%)

Xpert+Yes 1306 (15.4%)

DST type (n,%) gDST 7074 (83.5%)

pDST 1394 (16.5%)

Hr (n,%) No 5651 (66.7%)

Unknown 1976 (23.3%)

Yes 841 (9.9%)

RR (notXpert) (n,%) No 6331 (74.8%)

Unknown 1965 (23.2%)

Yes 172 (2%)
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Categories Subcategories Total N=8468 

Er (n,%) No 6115 (72.2%)

Unknown 2160 (25.5%)

Yes 193 (2.3%)

Sr (n,%) No 4076 (48.1%)

Unknown 2714 (32.1%)

Yes 1678 (19.8%)

Kmr (n,%) No 150 (1.8%)

Unknown 8250 (97.4%)

Yes 68 (0.8%)

Cmr (n,%) No 179 (2.1%)

Unknown 8250 (97.4%)

Yes 39 (0.5%)

Ofxr (n,%) No 162 (1.9%)

Unknown 8238 (97.3%)

Yes 68 (0.8%)

Etor (n,%) No 21 (0.2%)

Unknown 8445 (99.7%)

Yes 2 (0%)

PASr (n,%) No 139 (1.6%)

Unknown 8307 (98.1%)

Yes 22 (0.3%)

Resistance type (n,%) DS-TB 7451 (88%)

Mono/PDR-TB 730 (8.6%)

RR/MDR/XDR-TB 287 (3.4%)

Appropriateness of Regimen (n,%) Appropriate regimen 8284 (97.8%)

Inappropriate regimen 184 (2.2%)

AFB(+) at II month (n,%) No 6040 (71.3%)

Not done 380 (4.5%)

Unknown 1284 (15.2%)

Yes 764 (9%)

AFB(+) at III month (n,%) No 778 (9.2%)

Not done 267 (3.2%)

Unknown 7204 (85.1%)

Yes 219 (2.6%)

AFB(+) at V month (n,%) No 5499 (64.9%)

Not done 878 (10.4%)

Unknown 1941 (22.9%)

Yes 150 (1.8%)

AFB(+) at VI month (n,%) No 5443 (64.3%)

Not done 794 (9.4%)

Unknown 2131 (25.2%)
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Categories Subcategories Total N=8468 

Yes 100 (1.2%)

Treatment Outcome (n,%) Successful 6833 (80.7%)

Unsuccessful 1635 (19.3%)

Treament Outcome_1 (n,%) Completed 990 (11.7%)

Cured 5843 (69%)

Default 783 (9.2%)

Died 395 (4.7%)

Failure 268 (3.2%)

Moved To Cat Four 39 (0.5%)

Not Evaluated 136 (1.6%)

Transfer Out 14 (0.2%)
HiV – human immunodeficiency virus; rr-TB – rifampicin-resistant tuberculosis; MDr-TB – multidrug-resistant tuberculosis; 

pre-XDr-TB – pre-extensively drug-resistant tuberculosis; XDr-TB – extensively drug-resistant tuberculosis

From 184 patients, for whom between gDST and pDST re-
sults an inappropriate 2 month treatment was used, in majority 
of cases the resistance to the Isoniazid was detected (171 - 93%). 
Rifampicin resistance was detected in 52 (28%) cases, Etham-
butol resitance in 44 (24%) cases, Ofloxacin - in 16 (9%) and 
Streptomycin resistance in 103 (56%) cases (Fig. 2). 

Hr - isoniazid resistance; rr –rifampicin resistance; er 
– ethambutol resistance; ofxr – ofloxacin resistance; PaSr - 
Para-aminosalicylic acid resistance; etor – ethionamide resis-
tance; Sr - Streptomycin resistance; Kr –Kanamycin resistance; 
Cmr – Capreomycin resistance

Fig. 2. Detected resistance to the first and second line an-
ti-TB drugs in patients on inappropriate treatment regimen 
(N=184)

At initial stage of TB diagnosis 3931 (46.4%) patients had the 
AFB(+) results. The same AFB(+) results were defined at the 
end of the II month treatment in 764 (9%) cases, at the end of III 
month in 219 (2.6%) cases, at the end of V month in 150 (1.8%) 
cases and at the end of treatment in 100 (1.2%) cases. 

In all study participants (N=8468) TB was bacteriologically 
confirmed and DST profile of all patients was known. In 5915 
(69.9%) cases TB was confirmed based on Xpert MTB/RIF test 
and culture examination together. In 1306 (15.4%) cases TB was 
confirmed based on Xpert tests only. In 1247 (14.7%) cases TB 
was confirmed based on culture (+) results only. 

Based on study data discordance between Xpert MTB/RIF 
and culture tests were revealed. From all 7221 (85.3%) Xpert 
(MTB+) cases, only 5915 cases were culture positive too (in 37 
cases culture was not done and in 605 cases culture results was 
unknown). All 400 (4.7%) patients with Xpert (MTB-) results, 
were Culture (+). In 664 cases with Xpert (MTB+) results, Cul-
ture was negative (Table 2).

The successful treatment outcome was defined in 6833 (80.7%) 
(“Cured” in 5843 (69%) and “Completed” in 990 (11.7%) cas-
es) and unsuccessful outcome in 1635 (19.3%) cases (“Lost to 
follow-up” in 783 (9.2%), “Death” in 395 (4.7%), “Failure” in 
268 (3.2%), “Not evaluated” in 136 (1.6%), “Moved to category 
four” in 39 (0.5%) and “Transfer out” in 14 (0.2%) cases). 

All key factors were analyzed for association with the treat-
ment outcomes. The adjusted analysis was used for factors de-
fined as significantly associated with the treatment outcomes 
(Table 3).

Table 2. Discordance between Xpert MTB/riF and Culture tests results

Culture results

Xpert MTB/RIF test 
results N=8468 No 

N=664 Not done N=37 Unknown N=605 Yes 
N=7162

No 400 (4.7%) 0 (0%) 0 (0%) 0 (0%) 400 (5.6%)

No Result 78 (0.9%) 0 (0%) 0 (0%) 0 (0%) 78 (1.1%)

Unknown 769 (9.1%) 0 (0%) 0 (0%) 0 (0%) 769 (10.7%)

Yes 7221 (85.3%) 664 (100%) 37 (100%) 605 (100%) 5915 (82.6%)
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Table 3. Factors associated with TB treatment outcomes 
(TB patients, initially diagnosed as DS-TB cases; Georgia; 2015–2020 cohorts)

Categories Subcatego-
ries

Total
N=8468

Successful 
N=6833

Unsuccess-
ful N=1635

Bivariate Multivariate

Odds 
Ratio 95% CI p value

Odds 
Ratio 95% CI p value

Gender 
(n,%) Female 2220 

(26.2%)
1925 

(28.2%)
295 

(18%) 1.78 [1.55, 
2.04] <0.001 1.69 [1.47, 

1.94] <0.001

Male 6248 
(73.8%)

4908 
(71.8%) 1340 (82%) 1 ref. ref. ref.

Age (n,%) 18-34 2662 
(31.4%)

2296 
(33.6%) 366 (22.4%) 1 - -

35-54 3450 
(40.7%)

2724 
(39.9%) 726 (44.4%) 0.6 [0.52, 

0.69] <0.001

55 2356 
(27.8%)

1813 
(26.5%) 543 (33.2%) 0.53 [0.46, 

0.62] <0.001

Region 
(n,%) High 2622 

(31%)
2071 

(30.3%) 551 (33.7%) 1 - - ref. ref. ref.

Low 1633 
(19.3%)

1358 
(19.9%) 275 (16.8%) 1.31 [1.12, 

1.54] <0.001 0.7 [0.6, 
0.83] <0.001

Middle 4213 
(49.8%)

3404 
(49.8%) 809 (49.5%) 1.12 [0.99, 

1.26] 0.0681 0.84 [0.74, 
0.95] 0.0059

HIV (n,%) No 6973 
(82.3%)

5812 
(85.1%) 1161 (71%) 1 - -

Unknown 1328 
(15.7%)

915 
(13.4%) 413 (25.3%) 0.44 [0.39, 

0.51] <0.001

Yes 167 (2%) 106 (1.6%) 61 (3.7%) 0.35 [0.25, 
0.48] <0.001

HCV (n,%) No 1019 
(12%)

829 
(12.1%) 190 (11.6%) 1 - -

Unknown 7265 
(85.8%)

5883 
(86.1%)

1382 
(84.5%) 0.98 [0.82, 

1.15] 0.774

Yes 184 
(2.2%) 121 (1.8%) 63 (3.9%) 0.44 [0.31, 

0.62] <0.001

TB Form 
(n,%) EPTB 404 

(4.8%) 338 (4.9%) 66 (4%) 1.24 [0.94, 
1.62] 0.121

PTB 8064 
(95.2%)

6495 
(95.1%) 1569 (96%) 1

TB Case 
(n,%) New Case 6552 

(77.4%)
5498 

(80.5%)
1054 

(64.5%) 2.27 [2.02, 
2.55] <0.001 2.15 [1.91, 

2.42] <0.001

Previously 
Treated Case

1916 
(22.6%)

1335 
(19.5%) 581 (35.5%) 1 ref. ref. ref.

DST type 
(n,%) gDST 7074 

(83.5%)
5685 

(83.2%) 1389 (85%) 0.88 [0.76, 
1.02] 0.0856

pDST 1394 
(16.5%)

1148 
(16.8%) 246 (15%) 1

FL drugs 
Resistance 

(n,%)
No 5546 

(65.5%)
4658 

(68.2%) 888 (54.3%) 1 - -

Unknown 1897 
(22.4%)

1553 
(22.7%) 344 (21%) 0.86 [0.75, 

0.99] 0.0318

Yes 1025 
(12.1%) 622 (9.1%) 403 (24.6%) 0.29 [0.25, 

0.34] <0.001

SL drugs 
Resistance 

(n,%)
No 49 (0.6%) 24 (0.4%) 25 (1.5%) 1 - -

Unknown 6724 
(79.4%) 5536 (81%) 1188 

(72.7%) 4.85 [2.76, 
8.53] <0.001

Yes 1695 
(20%)

1273 
(18.6%) 422 (25.8%) 3.14 [1.78, 

5.56] <0.001
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Categories Subcatego-
ries

Total
N=8468

Successful 
N=6833

Unsuccess-
ful N=1635

Bivariate Multivariate

Odds 
Ratio 95% CI p value

Odds 
Ratio 95% CI p value

Resistance 
type (n,%) DS-TB 7451 

(88%)
6212 

(90.9%)
1239 

(75.8%) 1 - -

Mono/PDR-
TB

730 
(8.6%) 570 (8.3%) 160 (9.8%) 0.71 [0.59, 

0.86] <0.001

RR/MDR/
XDR-TB

287 
(3.4%) 51 (0.7%) 236 (14.4%) 0.04 [0.03, 

0.06] <0.001

TB Regimen 
(n,%) Appropriate 8284 

(97.8%)
6726 

(98.4%)
1558 

(95.3%) 3.11 [2.31, 
4.19] <0.001 3.3 [2.43, 

4.48] <0.001

Inappropriate 184 
(2.2%) 107 (1.6%) 77 (4.7%) 1 ref. ref. ref.

TB– tuberculosis; DS-TB – Drug susceptibility tuberculosis; HiV – human immunodeficiency virus; HCV- Hepatitis C virus; 
DST – Drug susceptibility testing; gDST – Genotypic Drug susceptibility testing; pDST – Phenotypic Drug susceptibility testing; 

FL – First line; SL – Second line; Mono Dr-TB – Mono drug resistant tuberculosis; PDr-TB – Poly drug resistant tuberculosis; 
rr-TB – rifampicin resistant tuberculosis; MDr-TB – multidrug-resistant tuberculosis; 

XDr-TB – extensively drug-resistant tuberculosis; ref. – reference category

In bivariate analysis, TB treatment success was positively as-
sociated with the appropriate treatment regimen (OR 3.11; 95% 
CI [2.31, 4.19]; p<0.001); female gender (OR 1.78; 95% CI 
[1.55–2.04]; p<0.001); new case (OR 2.27; 95% CI [2.02-2.55]; 
p<0.001); and with living in the region where TB prevalence is 
low (OR 1.31; 95% CI [1.12–1.54]; p<0.001).

Adjusted analysis shows significant association of a successful 
TB treatment outcome with the appropriate treatment regimen (ad-
justed OR 3.3, 95% CI: (2.43–4.48), p<0.001), female gender (ad-
justed OR 1.69, 95% CI: 1.47 – 1.94, p<0.001) and with new TB 
case (adjusted OR 2.15, 95% CI: 1.91–2.42, p<0.001). 

According to the study data in majority of cases (8284 
(97.8%)) appropriateness of initially prescribed regimen was 
confirmed. This means, that the treatment regimen prescribed 
based on initial gDSTs results, with high reliability is in line 
with pDST results and in majority of cases can lead to the suc-
cessful outcome. 

Based on the study data, in a small but significant number of 
patients (184 (2.2%)) pDST revealed inappropriateness of ini-
tially prescribed regimen and this inappropriateness in majority 
of cases (171 (93%)) was related with using of resistant Isonia-
zid in 2 month period before pDST results. Isoniazid is the key 
anti –TB drug and in case of Isoniazid mono- or poly-resistant 
TB cases specific Hr-TB regimen is recommended [11]. The 
possibility to prescribe this regimen in timely manner should be 
maximized by availability of rapid, highly sensitive gDSTs for 
maximum number of TB patients. This finding also addresses 
the need for timely detection of susceptibility to the other drugs 
to which resistance was less frequently detected, although it was 
still significant (Rifampicin resistance was detected in 52 (28%) 
cases, Ethambutol resitance in 44 (24%) cases and Ofloxacin 
resistance in 16 (9%) cases). 

The main finding of our study confirms our initial hypoth-
esis. The study results show a significant association between 
treatment with appropriate regimen and successful outcome (OR 
3.11; 95% CI [2.31, 4.19]; p<0.001). This finding emphasizes 
the importance of drug susceptibility test results in guiding regi-
men selection. Therefore, there is urgent need for expansion of 
laboratory capacity to perform rapid drug susceptibility tests for 
all potentially used TB drugs. 

Adjusted analysis show, that in parallel with “Appropriate treat-
ment”, the “Female gender” and the “New case” are significantly 
associated with successful TB treatment outcomes, which is in line 

with the results of previously conducted similar studies [12,13]. 
The separate discussion is needed due the discordance, which 

was revealed between GeneXpert and culture tests results. Un-
fortunately, based on the National Tuberculosis Electronic Reg-
ister it’s not possible to differentiate in which case the Xpert 
MTB/RIF and in which the Xpert MTB/RIF Ultra was used and 
therefore, based on our data, we were unable to compare Culture 
and Xpert or Xpert Ultra tests sensitivities. Farther studies are 
needed to assess degree, reasons and results of discordance be-
tween genotypic and phenotypic DSTs. However, even without 
these studies, based on existing data we can conclude that imple-
mentation of the new tests (e.g. WGS or others, depended on the 
available evidences and country decision) is needed for early 
and accurate identification of individual, complete DST profiles 
and successful treatment of TB patients. 
Limitations of the study. Study data includes important infor-
mation about injectable agents (Cm and Km), but it was not 
underlined and covered in the discussion, because, in line with 
latest WHO guidelines (2019), Cm and Km are no longer rec-
ommended for DR-TB treatment [11]. It would be interesting 
to review data about Pyrazinamide (one of the first line anti-TB 
drug), but due the insufficient reliability of currently available 
Pyrazinamide susceptibility testing, these data were not includ-
ed in the study. 
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SUMMARY

COMPLIANCE OF INITIALLY PRESCRIBED ANTI-TU-
BERCULOSIS TREATMENT REGIMENS WITH COM-
PLETE DRUG SUSCEPTIBILITY TEST RESULTS AND 
ITS ASSOCIATION WITH TREATMENT OUTCOMES 
IN GEORGIA (2015-2020) 

Solomonia N., Vacharadze K.

Tbilisi State Medical University; National Center for Tuberculo-
sis and Lung Disease, Tbilisi, Georgia

Georgia has countrywide access to the genotypic and phe-
notypic drug susceptibility testing (gDST and pDST), how-

ever identification of susceptibility to the different anti-Tu-
berculosis (TB) drugs in different time period, not in all cases 
gives us opportunity to simultaneously know susceptibility 
to the all anti-TB drugs and to build an appropriate treatment 
regimens based on complete individual DST profile in timely 
manner. Initial TB treatment regimen prescribed based on 
gDST results not in all cases may be compliant with complete 
DST profile, which may be detected based on pDST results 
within eight weeks only. It’s important to know proportion 
of TB patients, who in period between gDST and pDST re-
sults are treated with regimens which is non-compliant with 
complete individual DST profile and how the use of these 
inappropriate treatment regimens may affect TB treatment 
outcome. 

The aim of the study was to assess compliance of anti-TB 
treatment regimens with complete DST profile in period be-
tween gDST and pDST results and its association with treatment 
outcomes among patients who initially was registered as drug 
sensitive TB (DS-TB) cases in Georgia. 

A retrospective cohort study was conducted among 8468 pa-
tients initially registered as DS-TB adult (18+) cases, from 2015 
- 2020 cohorts, whose DST profiles and anti-TB treatment out-
comes was known. 

Adjusted analysis of the study participants data [8468 (100%)] 
shows significant association of a successful TB treatment out-
come with the “appropriate treatment regimen” (adjusted OR 
3.3, 95% CI: (2.43–4.48), p<0.001), “female gender” (adjusted 
OR 1.69, 95% CI: 1.47 – 1.94, p<0.001) and with “new TB 
case” (adjusted OR 2.15, 95% CI: 1.91–2.42, p<0.001). 

From 184 patients, for whom between gDST and pDST re-
sults an inappropriate 2 month treatment was used, in 171 (93%) 
cases the resistance to the Isoniazid was detected (Rifampicin 
resistance in 52 (28%), Ethambutol resitance in 44 (24%) and 
Ofloxacin rsistance in 16 (9%) cases was detected). 

Based on study data discordance between Xpert MTB/RIF and 
culture tests were revealed. From all 7221 (85.3%) Xpert (MTB+) 
cases, only 5915 cases were culture positive too. All 400 (4.7%) 
patients with Xpert (MTB-) results were Culture positive. In 664 
cases with Xpert (MTB+) results, Culture was negative. 

For successful outcomes, all efforts should be done to have 
the individual and complete DST profiles of all patients at initial 
stage of TB diagnosis. Otherwise, in case of delayed DST results 
anti-TB treatment for a certain period maybe inappropriate and 
can raise the risk of non-successful outcome. 

Keywords: Tuberculosis, DS-TB, phenotypic and genotypic 
DST, susceptibility, resistance, compliance, treatment outcomes.

РЕЗЮМЕ

ОЦЕНКА СООТВЕТСТВИЯ РЕЖИМОВ ПРОТИВО-
ТУБЕРКУЛЕЗНОГО ЛЕЧЕНИЯ ПОЛНОМУ ПРО-
ФИЛЮ ТЕСТИРОВАНИЯ НА ЛЕКАРСТВЕННУЮ 
ЧУВСТВИТЕЛЬНОСТЬ И ЕГО СВЯЗЬ С ИСХОДАМИ 
ЛЕЧЕНИЯ БОЛЬНЫХ ТУБЕРКУЛЕЗОМ В ГРУЗИИ

Соломония Н.Т., Вачарадзе К.В.

тбилисский государственный медицинский университет; 
национальный центр туберкулеза и легочных заболеваний, 
тбилиси, грузия

Генотипическое и фенотипическое тестирование на ле-
карственную чувствительность (ТЛЧ) проводится на всей 
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территории Грузии, однако выявление чувствительности 
к различным противоткберкулезным препаратам в разные 
периоды времени не во всех случаях позволяет одновре-
менно иметь информацию о восприимчивости ко всем 
противотуберкулезным препаратам и своевременно стро-
ить соответствующие режимы лечения на основе полно-
го индивидуального профиля ТЛЧ. Изначальный режим 
лечения туберкулеза, назначенный на основе результатов 
генотипического ТЛЧ, не во всех случаях может соот-
ветствовать полному профилю ТЛЧ, который на основе 
результатов фенотипического ТЛЧ может быть выявлен 
только в течение восьми недель. Важно знать долю па-
циентов с туберкулезом, которые в период между резуль-
татами генотипического и фенотипического ТЛЧ лечатся 
режимами, несоответствующими полному индивидуаль-
ному профилю ТЛЧ, и как использование этих несоответ-
ствующих режимов лечения может повлиять на результа-
ты лечения туберкулеза.

Цель исследования - оценка соответствия режимов 
противотуберкулезного лечения полному профилю те-
стирования на лекарственную чувствительность в период 
между результатами генотипического и фенотипического 
тестирования и связь с результатами лечения пациентов, 
зарегистрированных как случаи лекарственно устойчиво-
го туберкулеза в Грузии.

Ретроспективное когортное исследование проведено сре-
ди 8468 пациентов, первоначально зарегистрированных как 
взрослые (+18 лет) случаи лекарственно чувствительного 

туберкулеза с 2015 по 2020 гг., чьи профили ТЛЧ и исходы 
противотуберкулезного лечения были известны.

Анализ данных участников исследования показывает 
статистический значимую связь успешного исхода лече-
ния туберкулеза с «соответствующим режимом лечения» 
(уточненное ОШ 3,3, 95% ДИ: (2,43-4,48), p<0,001), “жен-
ским полом” (уточненное ОШ 1,69, 95% ДИ: 1,47 - 1,94, p 
< 0,001) и с “новым случаем туберкулеза” (уточненное ОШ 
2,15, 95% ДИ: 1,91-2,42, p<0,001).

Из 184 пациентов, для которых между результатами ге-
нотипического и фенотипического ТЛЧ использовано не-
соответствующее двухмесячное лечение, в 171 (93%) слу-
чае выявлена устойчивость к изониазиду, устойчивость к 
рифампицину - в 52 (28%), к этамбутолу - в 44 (24%) и к 
офлоксацину - в 16 (9%) случаях.

На основании данных исследования выявлено несоответ-
ствие между результатами Xpert MTB/RIF и культурального 
исследования. Из всех Xpert (MTB+) 7221 (85,3%) случая толь-
ко в 5915 случаях выявлен культура-положительный результат. 
Все 400 (4,7%) пациентов с Xpert (MTB-) результатами были 
положительными по культуре. В 664 Xpert (MTB+) случаях 
результат культурального исследования был отрицательным.

Для успешного лечения туберкулеза необходимо на на-
чальной стадии диагностики получить индивидуальные 
и полные профили ТЛЧ пациентов. В случае задержки ре-
зультатов ТЛЧ противотуберкулезное лечение в течение 
определенного периода может быть несоответствующим и 
увеличить риск безуспешного лечения. 

reziume

sawyisad daniSnuli tubsawinaaRmdego reJimis Sesabamisoba medikamentebisadmi mgrZnobelobis 
testirebis SedegebTan da misi asocireba mkurnalobis gamosavalTan 

n.solomonia, k.vaWaraZe
 

Tbilisis saxelmwifo samedicino universiteti; tuberkulozisa 
da filtvis daavadebaTa erovnuli centri, Tbilisi, saqarTvelo

saqarTveloSi qveynis masStabiT xelmisawvdo-
mia medikamentebisadmi mgrZnobelobis genoti-
puri da fenotipuri testireba (gDST da pDST), 
Tumca sxvadasxva tubsawinaaRmdego medikamen-
tis mimarT mgrZnobelobis sxvadasxva dros 
gansazRvra yvela pacientTan medikamentebisadmi 
mgrZnobelobis erTdroulad gansazRvrisa da 
srul, individualur DST profilTan Sesabamis 
adeqvaturi samkurnalo reJimis droulad daniS-
vnis SesaZleblobas ar iZleva. gDST-is Sedegze 
dayrdnobiT SerCeuli sawyisi tubsawinaaRmdego 
samkurnalo reJimi yvela SemTxvevaSi SeiZleba 
ar iyos Sesabamisi im srul DST profilTan, ro-
melic mxolod pDST-iT 8 kviris vadaSi xdeba 
cnobili. mniSvnelovania ganisazRvros im pa-
cientTa wili, romlebic gDST da pDST Sede-
gebs Soris periodSi srul, individualur DST 
profilTan Seusabamo mkurnalobas Rebulobs 
da Sefasdes araadeqvaturi reJimis gamoyeneba 
mkurnalobis gamosavalze
kvlevis mizani - saqarTveloSi sawyisad sensi-

tiuri tuberkulozis mqone pacientebad dareg-
istrirebul SemTxvevebTan, medikamentebisadmi 
mgrZnobelobis genotipuri da fenotipuri te-

stirebis Sedegebis periodSi, tubsawinaaRmdego 
samkurnalo reJimis srul DST profilTan Sesa-
bamisobis da am Sesabamisobis mkurnalobis gamo-
savalTan asocirebis Seswavla. 
retrospeqtuli kohortuli kvleva 2015-2020 

wlebis kohortis, +18 asakobrivi jgufis, sawyisad 
sensitiuri tuberkuloziT daregistrirebul 
iseT 8468 pacientTan Catarda, romlebis DST pro-
fili da tubsawinaaRmdego mkurnalobis gamosava-
li cnobili iyo. kvlevis monawileTa monacemebis 
dazustebulma analizma aCvena, rom tubsawinaarm-
dego mkurnalobis warmatebuli gamosavali sarw-
munod asocirdeba adeqvaturi samkurnalo reJimiT 
mkurnalobasTan (adjusted OR 3.3, 95% CI: (2.43–4.48), 
p<0.001), mdedrobiT sqesTan (adjusted OR 1.69, 95% CI: 
1.47 – 1.94, p<0.001) da „axal“ SemTxvevasTan (adjusted 
OR 2.15, 95% CI: 1.91–2.42, p<0.001). 
184  pacientTagan, romlebsac gDST da pDST Sede-

gebs Soris 2-Tvian periodSi araadeqvaturi tub-
sawinaaRmdego reJimi iyo daniSnuli, 171 (93%)-s 
izoniazidisadmi rezistentoba gamouvlinda, ri-
fampicinisadmi rezistentoba - 52 (28%)-s, etambu-
tolisadmi - 44  (24%)-s, ofloqsacinisadmi - 16 
(9%) pacientTs. 
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kvlevis farglebSi gamovlinda Seusabamoba 
Xpert MTB/RIF da kulturaluri kvlevis Sedegebs 
Soris. jamSi, sul Xpert (MTB+) Sedegis mqone 7221 
(85.3%) pacientisgan, kultura-dadebiTi Sedegi 
5915 pacientTan dafiqsirda. Xpert (MTB-) Sedegis 
mqone yvela 400 (4.7%) pacienti aRmoCnda kul-
tura-dadebiTi. 664  Xpert (MTB+) Sedegis mqone pa-
cientTi iyo kultura-uaryofiTi. 
dadebiTi tubsawinaaRmdego mkurnalobis 

gamosavalis misaRwevad aucilebeluia tuber-
kulozis sawyisi diagnostikisTanave yvela pa-
cientis sruli, individualuri DST profilis 
gamovlena. medikamentebisadmi mgrZnobelobis 
testis gviani Sedegebis pirobebSi daniSnuli 
tubsawinaaRmdego reJimi garkveuli periodis 
manZilze SesaZloa araadeqvaturi iyos da gamoi-
wvios mkurnalobis warumatebeli gamosavlis 
riskis mateba.

DIAGNOSTICS AND TREATMENT OF GENITAL INVASION CAUSED 
BY TRICHOMONAS VAGINALIS AND POSSIBLY OTHER RELATED SPECIES 

(PENTATRICHOMONAS HOMINIS AND TRICHOMONAS TENAX) 
IN PATIENTS WITH IMMUNODEFICIENCY

Fedorych P.

Ukrainian Military Medical academy, Kyiv, Ukraine

Trichomoniasis disease despite its intensive study is nowa-
days a considerable clinical problem in practice of dermatove-
nereologists, urologists and gynecologists. Trichomonas inva-
sion has a negative influence on patient fertility and quality of 
life [11]. According to data of the World Health Organization in 
recent decades global incidence rate in urinary trichomoniasis 
(ICD-10, A59) is about 270 million people per year [17].

Until recently it has been believed that only Trichomonas 
vaginalis can exist in human genitourinary tract [18]. However, 
inclination of Protozoa to evolutionary changes and significant 
shift in patterns of sexual behaviour, in particular, frequent anal 
and oral sex practice resulted in the existence of other species 
of trichomonads in human genitourinary tract, namely, Pentat-
richomonas hominis and Trichomonas tenax [12,13,18].

In Ukraine investigations on determination of Pentatricho-
monas hominis and Trichomonas tenax in the genitourinary 
tract of patients with sexually transmitted infections (STI) 
were conducted for the first time in 2013-2017. The men-
tioned microorganisms were found in more than a third of 
patients with advanced progressive illness [9,13,19]. In the 
investigation the abstinence not less than 2 days was strictly 
observed that made it impossible to consider Pentatricho-
monas hominis and Trichomonas tenax as a transitory micro-
flora. Duration of the investigation minimized the probability 
of outer contamination. Persistence of chronic inflammation 
in the patients allowed us to suppose a certain ethiological 
role of Pentatrichomonas hominis and Trichomonas tenax in 
it. Moreover, detection of trichomonad species in genitouri-
nary tract, their elimination, and certain behavioural modifi-
cations may play a decisive role in prevention of trichomo-
nias recurrences or re-infections [20]. Besides, it should be 
also noted that phagocytic features are peculiar to all Pro-
tozoa, in particular, trichomonads. By phagocytosis carried 
out by any Protozoa, a part of microorganisms is not de-
stroyed completely – they are preserved unhurt (incomplete 
phagocytosis) inside the cytozoon [3]. In case of incomplete 
phagocytosis of cocci, diplococci, mycoplasma, Chlamydia, 

bacillary forms, viruses passing out by death of trichomo-
nads are able to support inflammatory process in urogenital 
tracts that is often considered to be “untreatable” trichomo-
niasis or “posttrichomonal” lesions [11]. That’s why Proto-
zoa, whereof direct pathogenicity on human urinary system 
has not been finally proved. First of all, we should consider 
Trichomonas tenax and Pentatrichomonas hominis, at least as 
disease-producing agents of STI. For this reason, eradication 
of Trichomonas tenax and Pentatrichomonas hominis from 
human urinary system should be required.

Thus, urgency of the issue of urinary trichomoniasis is con-
nected with a high incidence of disease as well as possibility 
of colonization of the urinary system with “new” agents as a 
result of partial change of their biological properties [9,12,13]. 
Consideration of presence of the agents, which are morphologi-
cally similar to Trichomonas vaginalis, but different from them 
by taxonomic belonging, will present an opportunity of more 
accurate diagnostics of trichomoniasis and its more successful 
treatment and prevention. 

As it is known from the literature, infectious affections of the 
urinary system often become chronically persistent or resistant 
to many treatments in the case of immunodeficiency [16]. Im-
munodeficiency (ICD-10, D80 – D89) may be determined as 
impairment of structure and function of any chain of the im-
mune system, body’s loss of ability to present resistance to any 
infections and recover impairments of its organs. Besides, the 
process of body rejuvenation slows down or stops at all by im-
munodeficiency [2].

Based on the above mentioned, we can come to the conclu-
sion that it is necessary to develop a new effective treatment 
method for STI, in particular, trichomoniasis on the background 
of immunological disorders [15].

Nowadays, therapeutic methods including prescription of α 
and ß- defensin-containing drugs for the purpose of immunocor-
rection are one of the most promising. PROPES® drug developed 
by the Research and Development enterprise “NIP” (Ukraine) 
at the present time is the only registered in our country immu-


