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Abstract
Kazakhstan has a high burden of multidrug-resistant tuberculosis (TB). The patient-centered National Program for the treatment and
prevention of TB has been implemented in Kazakhstan. The program is aimed at meeting the needs of patients and expansion of the
outpatient treatment of TB in the country.
The aim of the study was to compare the efficacy of the outpatient and inpatient treatment of drug-susceptible TB.
This study was a retrospective cohort study.
A total of 36.926 TB cases were included. Themajority of patients were treated as inpatients. The socioeconomic factors, sex, age,

HIV status, and other diagnostic factors (e.g., sputum smear results, extrapulmonary disease) may serve as risk factors to estimate
the likely TB treatment outcome. The outpatient treatment of drug-susceptible TB seems to be a comparable option to the inpatient
treatment in terms of efficacy.
The socioeconomic factors are the main modifiable risk factors for treatment failure. The outpatient treatment of drug-susceptible

TB is safe and effective.

Abbreviations: Bactec = Bactec MGIT 960 system, E = ethambutol, GXpert = GeneXpert MTB/RIF assay, H = isoniazid, HIV =
human immunodeficiency virus, MDR = multidrug-resistant, R = rifampicin, S = streptomycin, TB = tuberculosis, WHO = World
Health Organization, XDR TB = extensively drug-resistant tuberculosis, Z = pyrazinamide.
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1. Introduction

Tuberculosis (TB) is the ninth main cause of death worldwide. In
2017, 10.0 million people (range 9.0–11.1 million) developed the
TB disease. It was also estimated that most of the TB cases
occurred in India, China, and Indonesia, together accounting for
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45% of all TB cases. The WHO has developed a list of countries
with a high TB burden, where Kazakhstan is listed as a country
with a high burden of multidrug-resistant TB (MDR TB). In
2016, the general TB incidence in Kazakhstan was 67 cases per
100,000 population and that of MDR TB or rifampicin-resistant
TB was 39 cases per 100,000 population.[1] The primary MDR
TB accounts for 25% of cases and acquired MDR TB accounts
for 43%.[2] Some countries with a high burden ofMDRTB in the
European region, including Kazakhstan (where 85% of drug-
susceptible TB cases are treated as inpatients),[3] provide a
significant amount of TB medical care in hospitals, although the
outpatient treatment of TB, including MDR TB , has been
regarded as an effective and cost-effective approach.[4–6] The
need for the development of reliable outpatient TB treatment
strategies is of great importance, especially in resource-limited
settings, where intensive adherence support strategies, such as
Direct Observation of Therapy (DOT), may be unfeasible due to
a lack of medical personnel or patient access.[7,8]

The newWHO strategies “The ENDTB”[9] and “Tuberculosis
action plan for the WHO European Region 2016–2020”[10]

propose the development of integrated, patient-centeredNational
Programs for the treatment and prophylaxis of TB, together with
creation of incentives for the use of innovative approaches
toward prevention, diagnostics, and treatment of TB. The
aforementioned documents recommend the expansion of scope
and coverage of treatment and prevention of TB, with the focus
on highly effective, integrated patient-centered approaches.
Primary health care should play a central role in the patient-

centered combat against TB.[7] Thus, a government-led initiative
seeking to modernize the medical care and expand the outpatient
treatment [including the psychological and social assistance] of
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TB patients by optimizing the anti-TB service in Kazakhstan (in
accordance with the WHO recommendations[9]) was launched in
2013, in the Akmola region. This initiative was later expanded to
include other regions (Aktobe, Zhambyl, Kyzylorda regions, and
Astana). The National Scientific Center of Phthisiopulmonology
was instituted to supervise and monitor the reformed and
integrated system of TB treatment. In this article, we present the
results of the aforementioned reform.
The aims of our study were
1.
 to compare the treatment results of drug-susceptible TB
between the outpatient and inpatient settings;
2.
 to identify potential outpatient treatment failure factors.

2. Methodology

2.1. Study design

This study was a retrospective cohort study with continuous
sampling. All patients with drug-susceptible TB registered during
the period lasting from 2014 to 2016 throughout the Republic of
Kazakhstan were included in the study.
The inclusion criteria were the following: individuals with

drug-susceptible TB, treated with either category 1 (2 months of
rifampicin (R), isoniazid (H), ethambutol (E), pyrazinamide (Z),
and 4 moths of HR) or category 2 (retreatment regimen
composed of 2 months of streptomycin (S), rifampicin (R),
isoniazid (H), ethambutol (E), and pyrazinamide (Z); 1 month of
R, H, E, and Z; and 5 months of R, H, and E)[11] regimens during
the period lasting from December 26, 2013 to December 25,
2016, ≥18 years of age at the time of inclusion in the study, and
the outcome of treatment had to be registered at the time of data
collection (May 1, 2017). Duration of the study: 3 years—from
2014 to 2016.
2.2. Inpatient and outpatient treatment definition.

All patients, regardless of the category and treatment regimen,
underwent the continuation phase in the outpatient settings,
provided mainly by the primary healthcare organizations. If the
entire course of treatment (including both the intensive and
continuation phases) was administered on an outpatient basis
or if a short-term hospitalization occurred before sputum
conversion, but the intensive and continuation phases were still
administered on an outpatient basis, such treatment was
designated as the complete outpatient treatment of TB;
otherwise, the patient was classified as an individual treated as
an inpatient.
3. Materials and methods

The national database, the National Tuberculosis Register of the
Ministry of Health of the Republic of Kazakhstan, was used to
collect the data. The following patient data were collected: the
patient’s registration number, surname and name, the medical
institution where the patient was treated, diagnosis, category,
patient type, region, place of residence, social status, risk factors,
survey results, microscopy data (direct microscopic examination
by Ziehl-Neelsen method), chest X-ray examination, diagnosis,
including accelerated method GeneXpert MTB/RIF, Bactec,
polymerase chain reaction line-probe assay (Hain test), and
disease outcomes. The socially disadaptive group included
migrant workers, homeless people, persons serving jail or prison
2

sentences, persons under arrest pending investigation or trial, and
unemployed persons; other individuals were identified as socially
adaptive individuals.
Outpatient treatment of TBwas provided primarily by primary

health care organizations. Outpatient treatment of TB was
defined as the treatment that was carried out fully on an
outpatient basis (intensive and continuation phases), including
cases with short-term hospitalization before sputum conversion
and subsequent transfer to outpatient treatment (intensive and
continuation phases) with patient-oriented support. Detailed
definition of variables is provided in the Supplementary material,
http://links.lww.com/MD/D73.
3.1. Diagnostic methods

GeneXpert MTB/RIF (GXpert) is a single-use sample-processing
cartridge system with integrated multicolor real-time polymerase
chain reaction capacity that detects the presence of drug-resistant
Mycobacterium tuberculosis complex DNA and its susceptibility
to rifampicin in a single reaction.[12] Bactec MGIT 960 (Bactec)
system is used to cultivate M. tuberculosis isolates that are later
confirmed by colony morphology.[13] Drug-susceptible TB was
defined as a case were isolatedM. tuberculosiswere susceptible to
isoniazid (INH) and rifampicin (RFP), as identified with Bactec
MGIT 960 culture media and GeneXpert MTB/RIF.[14]
3.2. Patient outcomes assessment

In accordance with the WHO framework,[15] patient outcomes
were defined in 6 categories: cured (an individual with pulmonary
TB and bacteriological confirmation at the treatment initiation,
who later became smear- or culture-negative in the last month of
treatment), treatment completed (the patient completed the
prescribed treatment with no evidence of treatment failure,
without the results of last month of treatment sputum smear of
culture), died (for any reason), lost to follow-up, and not
evaluated (patients with no treatment outcome assigned); other
definitions are included in the Supplementary material, http://
links.lww.com/MD/D73. These outcome categories were then
collapsed to form the variable “treatment success,” with
“successful” including cases that were cured or individuals
who completed the treatment. The “unsuccessful” category
included all other outcomes.
All information was recorded with the dates of the results. To

assess the effectiveness of TB treatment and identify risk factors,
the following data were collected: sociodemographic data, social
status, risk factors; medical information (data on TB status of the
patient, diagnosis, localization of the TB process, type of patient,
category, date of treatment, diagnostic results); type of medical
care (outpatient, inpatient); treatment regimen; and outcome (of
patients with drug-sensitive TB). The data in the final database
were depersonalized.
Ethical statement. The permission to perform this study was

issued by the Local Ethical Committee of Asfendiyarov Kazakh
National Medical University as of March 29, 2017, Decision
number #430.
4. Data and statistical analysis

The data were analyzed using the SPSS Statistics package (version
17) and SAS University Edition and summarized with descriptive
statistics. The data cross-tabulation was performed; the presence
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Table 2

Treatment outcome comparison.

Cured Unfavorable outcome

Treatment setting n % n %

Inpatient 22,998 72 8,980 28
Outpatient 3,230 83 670 17

Sadykova et al. Medicine (2019) 98:26 www.md-journal.com
of association between categorical variables was assessed with x2

test; and odds ratio was presented for the 2� 2 cross-tabulations.
The independent samples t test was used to compare the means of
continuous variables (that were symmetrically distributed)
between the groups, where appropriate. Data unification
principles are presented in Supplementary material, http://
links.lww.com/MD/D73.
5. Results

The sample included all 36,926 patients with drug-sensitive
forms of TB registered in the Registry (the Kazakhstan national
tuberculosis database for drug susceptible TB patients) during the
3 years (2014–2016) before May 1, 2017, who met the criteria of
being ≥18 years of age and having had a registered outcome of
the disease. In the vast majority of cases, TB infection was
pulmonary localized. Nearly two-thirds of the patients were new
cases, and a little over one-third had been previously treated for
TB. Full results of data analysis and summary statistics are
provided in Tables 1–5. The majority (88.5%; n = 32,687) of TB
Table 1

Frequency distributions for variables.

Sex Frequency Percent

Male 22,648 61.3
Female 14,278 38.7
Total 36,926 100.0

Age group Frequency Percent
18–24 5,770 15.6
25–29 5,197 14.1
30–39 8,582 23.2
40–49 6,725 18.2
50–59 5,613 15.2
60+ 5,039 13.6
Total 36,926 100.0

Residency Frequency Percent
Urban 21,697 58.8
Rural 14,510 39.3
Total 36,207 98.1

Patient registration group Frequency Percent
Incident cases 32,729 88.6

Previously treated 4,197 11.4
Total 36,926 100.0

X-ray picture Frequency Percent
Positive 13,754 37.2
Negative 22,485 60.9
Total 36,239 98.1

TB care Frequency Percent
Outpatient care 3,993 10.8
Inpatient care 32,687 88.5

Total 36,680 99.3

Diagnosis Frequency Percent
Pulmonary TB MBT� 17,551 47.5
Pulmonary TB MBT+ 15,210 41.2
Extrapulmonary TB 3,966 10.7
Generalized TB 199 0.5

Total 36,926 100.0
Social status Frequency Percent

Socially disadaptive groups 20,998 56.9
Socially adaptive groups 15,423 41.8

Total 36,421 98.6

3

patients were treated on an inpatient basis, 10.8%were treated as
outpatients, and in 0.7% of the cases; the treatment setting data
was missing. The failure rates were comparable across the
inpatient and outpatient treatment groups (Table 4); however,
the majority of the cases were treated as inpatients and, to some
extent, the inpatients seemed to have a lower successful treatment
rate. In addition, a number of risk factors had a significant
relationship with treatment success, but with a negligible effect
size. For patients with 2 risk factors, the success rate for treatment
was lower than for those with one risk factor. The treatment
duration seemed to be similar between the outpatient and
Patient type Frequency Percent

New cases 22,029 59.7
Relapse 10,700 29.0

Other previously treated 3,080 8.3
Treatment loss to follow-up 581 1.6
Treatment after failure 536 1.5

Total 36,926 100.0

Smear Frequency Percent
Positive 15,325 41.5
Negative 20,462 55.4
Total 35,787 96.9

GX results Frequency Percent
TB +/R� 10,641 28.8
TB +/R+ 1,459 4

TB +/R not evaluated 236 0.6
Mistake 173 0.5
TB� 9,499 25.7
Total 22,008 59.6

HIV status Frequency Percent
Positive 1,244 3.4
Negative 35,252 95.5

Refused test 2 0
Total 36,498 98.8

Risk number Frequency Percent
1 risk factor 5,230 14.2
2 risk factors 204 0.6
3 risk factors 22 0.1
4 risk factors 2 0.0

Total 5,458 14.8
Outcome Frequency Percent

Cured 8,873 24.0
Treatment completed 17,762 48.1

Failed 1,009 2.7
Lost to follow-up 507 1.4
Not evaluated 597 1.6
MDR TB 6,210 16.8
Died 1,968 5.3
Total 36,926 100.0
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Table 3

Risk factors.

Risk factors Absolute number Percent of the total number of patients Percent among the patients with identified risk factors

Addiction 104 0.3 1.9
Contact with TB 559 1.5 10.2
Diabetes mellitus 988 2.7 18.1
Alcoholism 1,742 4.7 31.9
Pregnancy and the puerperium 964 2.6 17.7
Being in prison for the last 2 y 383 1 7
HIV 490 1.3 9
Two risk factors 204 0.6 3.7
More than 2 risk factors 24 0.1 0.4
Total 5,458 14.8 100
No data 31,468 85.2

Table 4

Comparison of patient related factors between outpatient and inpatient treatment groups.

Age groups, y Frequency

Expected
Cell chi-square Type of TB care

Percent Outpatient group Inpatient group Total
18–24 772 4,927 5,699

620.4 5078.6
37.047 4.5256
2.1 13.43 15.54

25–29 697 4,454 5,151
560.74 4,590.3
33.111 4.0448
1.9 12.14 14.04

30–39 998 7,520 8,518
927.27 7,590.7
5.3946 0.659
2.72 20.5 23.22

40–49 644 6,051 6,695
728.82 5,966.2
9.8714 1.2059
1.76 16.5 18.25

50–59 500 5,101 5,601
609.73 4991.3
19.747 2.4122
1.36 13.91 15.27

60+ 382 4,634 5,016
546.04 4,470
49.282 6.0203
1.04 12.63 13.68

Total 3,993 32,687 36,680
10.89 89.11 100

Chi-square (5)=173.32, P< .001
Sex Frequency

Expected
Cell chi-square Type of TB care

Percent Outpatient group Inpatient group Total
Male 2,130 20,356 22,486

2,447.8 20,038
41.269 5.0413
5.81 55.5 61.3

Female 1,863 12,331 14,194
1,545.2 12,649
65.378 7.9864
5.08 33.62 38.7

Total 3,993 32,687 36,680
10.89 89.11 100

Chi-square (1) = 119.67, P< .001, odds ratio 0.69, 95% confidence limits (0.65–0.74)
Diagnosis Frequency

Expected

(continued )
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Table 4

(continued).

Age groups, y Frequency

Cell chi-square Type of TB care
Percent Outpatient group Inpatient group Total

Pulmonary TB MDR� 3,425 13,943 17,368
1,890.7 15,477
1245.1 152.1
9.34 38.01 47.35

Pulmonary TB MDR+ 260 14,909 15,169
1,651.3 13,518
1,172.2 143.2
0.71 40.65 41.35

Extrapulmonary TB 301 3,644 3,945
429.45 3,515.5
38.422 4.6936
0.82 9.93 10.76

Generalized TB 7 191 198
21.554 176.45
9.8277 1.2005
0.02 0.52 0.54

Total 3,993 32,687 36,680
10.89 89.11 100

Chi-square (3)= 2766.79, P< .001
HIV status Frequency

Expected
Cell chi-square Type of TB care

Percent Outpatient group Inpatient group Total
Positive 86 1,150 1,236

133.96 1,102
17.17 2.0872
0.24 3.17 3.41

Negative 3,845 31,187 35,032
3,796.8 31,235
0.6113 0.0743
10.6 85.99 96.59

Refused test 0 2 2
0.2168 1.7832
0.2168 0.0263

0 0.01 0.01
Total 3,931 32,339 36,270

10.84 89.16 100
Chi-square (2) 20.19, P< .001

Patient type Frequency
Expected

Cell chi-square Type of TB care
Percent Outpatient group Inpatient group Total

New cases 2,378 19,622 22,000
2394.9 19,605
0.1197 0.0146
6.48 53.5 59.98

Other previously treated 634 2,248 2,882
313.74 2,568.3
326.93 39.937
1.73 6.13 7.86

Treatment loss to follow-up 28 553 581
63.248 517.75
19.644 2.3996
0.08 1.51 1.58

Relapse 921 9,761 10,682
1162.8 9,519.2
50.299 6.1444
2.51 26.61 29.12

Patients treated after failure of
previous TB treatment

32 503 535

58.24 476.76
11.823 1.4442
0.09 1.37 1.46

Total 3,993 32,687 36,680
10.89 89.11 100

(continued )
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Table 4

(continued).

Age groups, y Frequency

Chi-square (4) = 458.75, P< .001
Residency Frequency

Expected
Cell chi-square Type of TB care

Percent Outpatient group Inpatient group Total
Urban 2,866 18,703 21,569

2,340.7 19,228
117.87 14.349
7.97 51.99 59.96

Rural 1,038 13,367 14,405
1,563.3 12,842
176.5 21.485
2.89 37.16 40.04

Total 3,904 32,070 35,974
10.85 89.15 100

Chi-square (1) = 330.20, P< .001, odds ratio 1.97, 95% confidence limits (1.83–2.13)
Number of risk factors Frequency

Expected
Cell chi-Square Type of TB care

Percent Outpatient group Inpatient group Total
1 risk factor 534 4,668 5,202

536.68 4,665.3
0.0134 0.0015
9.84 86 95.84

2 risk factors 23 179 202
20.84 181.16
0.2239 0.0258
0.42 3.3 3.72

3 risk factors 3 19 22
2.2697 19.73
0.235 0.027
0.06 0.35 0.41

4 risk factors 0 2 2
0.2063 1.7937
0.2063 0.0237

0 0.04 0.04
Total 560 4,868 5,428

10.32 89.68 100
Chi-square (3)= 0.7567, P= .8598

Sputum smear Frequency
Expected

Cell chi-square Type of TB care
Percent Outpatient group Inpatient group Total
Positive 265 15,025 15,290

1,670.9 13,619
1,182.9 145.13
0.75 42.26 43.01

Negative 3,620 16,641 20,261
2,214.1 18,047
892.69 109.52
10.18 46.81 56.99

Total 3,885 31,666 35,551
10.93 89.07 100

Chi-square (1) = 2330.25, P< .001, odds ratio 0.08, 95% confidence limits (0.07–0.09)
Social status Frequency

Expected
Cell chi-square Type of TB care

Percent Outpatient group Inpatient group Total
Socially disadaptive groups 2,143 18,688 20,831

2,272.2 18,559
7.3465 0.8995
5.92 51.66 57.58

Socially adaptive groups 1,803 13,542 15,345
1673.8 13,671
9.973 1.221
4.98 37.43 42.42

Total 3,946 32,230 36,176

(continued )
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Table 4

(continued).

Age groups, y Frequency

10.91 89.09 100
Chi-square (1) = 19.44, P< .001, odds ratio 0.86, 95% confidence limits (0.81–0.92)

Chest X-ray results Frequency
Expected

Cell chi-square Type of TB care
Percent Outpatient group Inpatient group Total

Identifiable TB lesions present 607 13,092 13,699
1,494.5 12,205
527.01 64.533
1.69 36.36 38.05

Identifiable TB lesions absent 3,321 18,986 22,307
2,433.5 19,873
323.64 39.63
9.22 52.73 61.95

Total 3,928 32,078 36,006
10.91 89.09 100

Chi-square (1) = 954.81, P< .001, odds ratio 0.27, 95% confidence limits (0.24–0.29)
Treatment success Frequency

Expected
Cell chi-square Type of TB care

Percent Outpatient group Inpatient group Total
Unsuccessful 670 9,000 9,670

1,044.4 8,625.6
134.19 16.248
1.86 24.92 26.78

Successful 3,230 23,211 26,441
2,855.6 23,585
49.078 5.9422
8.94 64.28 73.22

Total 3,900 32,211 36,111
10.8 89.2 100

Chi-square (1) = 205.46, P< .001, odds ratio 0.54, 95% confidence limits (0.49–0.58)
GX results Frequency

Expected
Cell chi-square Type of TB care

Percent Outpatient group Inpatient group Total
No data 1,854 14,575 16,429

1,899.4 14,530
1.0866 0.1421
4.42 34.71 39.12

TB mycobacteria positive with
undetermined resistance to

rifampicin

64 230 294

33.991 260.01
26.494 3.4636
0.15 0.55 0.7

Analysis errors 20 161 181
20.926 160.07
0.041 0.0054
0.05 0.38 0.43

TB mycobacteria positive with
identified resistance to rifampicin

79 1,449 1,528

176.66 1351.3
53.987 7.0576
0.19 3.45 3.64

TB mycobacteria positive without
identified resistance to rifampicin

1,011 10,967 11,978

1,384.8 10,593
100.91 13.192
2.41 26.12 28.52

TB mycobacteria negative 1,827 9,756 11,583
1,339.2 10,244
177.71 23.232
4.35 23.23 27.58

Total 4,855 37,138 41,993
11.56 88.44 100

Chi-square (5)= 407.33, P< .001
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7

http://www.md-journal.com


Table 5

Comparison of patient related factors between successful and unsuccessful treatment outcomes.

Age groups, y Frequency

Expected
Cell chi-square Treatment outcome

Percent Unsuccessful Successful Total
18–24 1,100 4,505 5,605

1,495.6 4,109.4
104.66 38.09
3.03 12.4 15.43

25–29 1,156 3,921 5,077
1,354.7 3,722.3
29.156 10.611
3.18 10.79 13.98

30–39 2,359 6,092 8,451
2,255.1 6,195.9
4.791 1.7437
6.49 16.77 23.26

40–49 1,936 4,712 6,648
1,773.9 4,874.1
14.804 5.388
5.33 12.97 18.3

50–59 1,591 3,983 5,574
1,487.4 4,086.6
7.2215 2.6283
4.38 10.96 15.34

60+ 1,552 3,422 4,974
1327.3 3,646.7
38.055 13.85
4.27 9.42 13.69

Total 9,694 26,635 36,329
26.68 73.32 100

Chi-square (5) = 270.99, P< .001
Sex Frequency

Expected
Cell chi-square Treatment outcome

Percent Unsuccessful Successful Total
Male 6,597 15,713 22,310

5,953.2 16,357
69.627 25.341
18.16 43.25 61.41

Female 3,097 10,922 14,019
3,740.8 10,278
110.81 40.328
8.52 30.06 38.59

Total 9,694 26,635 36,329
26.68 73.32 100

Chi-square (1) =246.10, P< .001, odds ratio 1.48, 95% confidence limits (1.41–1.56).
Diagnosis Frequency

Expected
Cell chi-square Treatment outcome

Percent Unsuccessful Successful Total
Pulmonary TB MDR negative 2,952 14,320 17,272

4,608.8 12,663
595.62 216.78
8.13 39.42 47.54

Pulmonary TB MDR positive 6,151 8,832 14,983
3,998.1 10,985
1,159.4 421.96
16.93 24.31 41.24

Extrapulmonary TB 507 3,373 3,880
1,035.3 2,844.7
269.61 98.127
1.4 9.28 10.68

Generalized TB 84 110 194

(continued )
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Table 5

(continued).

Age groups, y Frequency

51.767 142.23
20.07 7.3048
0.23 0.3 0.53

Total 9,694 26,635 36,329
26.68 73.32 100

Chi-square (3)=2788.84, P< .001
HIV status Frequency

Expected
Cell chi-square Treatment outcome

Percent Unsuccessful Successful Total
Positive 616 599 1215

323.47 891.53
264.56 95.987
1.72 1.67 3.38

Negative 8,944 25,749 34,693
9,236.3 25,457
9.2483 3.3555
24.91 71.71 96.61

Refused test 0 1 1
0.2662 0.7338
0.2662 0.0966

0 0 0
Total 9,560 26,349 35,909

26.62 73.38 100
Chi-square (2) 373.51, P< .001

Patient type Frequency
Expected

Cell chi-square Treatment outcome
Percent Unsuccessful Successful Total

New cases 4,426 17,347 21,773
5,809.9 15,963
329.64 119.97
12.18 47.75 59.93

Other previously treated 678 2,166 2,844
758.89 2,085.1
8.6222 3.1381
1.87 5.96 7.83

Treatment loss to follow-up 324 249 573
152.9 420.1
191.47 69.687
0.89 0.69 1.58

Relapse 4,075 6,534 10,609
2,830.9 7,778.1
546.75 198.99
11.22 17.99 29.2

Patients treated after failure of previous TB treatment 191 339 530
141.42 388.58
17.378 6.3249
0.53 0.93 1.46

Total 9,694 26,635 36,329
26.68 73.32 100

Chi-square (4) =1491.97, P< .001
Residency Frequency

Expected
Cell chi-square Treatment outcome

Percent Unsuccessful Successful Total
Urban 6,033 15,265 21,298

5,697.8 15,600
19.715 7.2007
16.93 42.85 59.78

Rural 3,498 10,830 14,328
3,833.2 10,495

(continued )
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Table 5

(continued).

Age groups, y Frequency

29.305 10.704
9.82 30.4 40.22

Total 9,531 26,095 35,626
26.75 73.25 100

Chi-square (1) =66.92, P< .001, odds ratio 1.22, 95% confidence limits (1.17–1.28)
Number of risk factors Frequency

Expected
Cell chi-square Treatment outcome

Percent Unsuccessful Successful Total
1 risk factor 1,704 3,435 5,139

1,720.3 3,418.7
0.1553 0.0782
31.78 64.06 95.84

2 risk factors 79 121 200
66.953 133.05
2.1678 1.0909
1.47 2.26 3.73

3 risk factors 11 11 22
7.3648 14.635
1.7943 0.9029
0.21 0.21 0.41

4 risk factors 1 0 1
0.3348 0.6652
1.3219 0.6652
0.02 0 0.02

Total 1,795 3,567 5,362
33.48 66.52 100

Chi-square (3)= 8.18, P=0.04
Sputum smear Frequency

Expected
Cell chi-square Treatment outcome

Percent Unsuccessful Successful Total
Positive 6,273 8,827 15,100

4,081 11,019
1,177.3 436.04
17.81 25.06 42.88

Negative 3,245 16,872 20,117
5,437 14,680
883.71 327.3
9.21 47.91 57.12

Total 9,518 25,699 35,217
27.03 72.97 100

Chi-square (1) =2824.37, P< .001, odds ratio 3.69, 95% confidence limits (3.52–3.88)
Social status Frequency

Expected
Cell chi-square Treatment outcome

Percent Unsuccessful Successful Total
Socially disadaptive groups 6,102 14,525 20,627

5,484.8 15,142
69.444 25.154
17.03 40.53 57.56

Socially adaptive groups 3,427 11,782 15,209
4,044.2 11,165
94.182 34.115
9.56 32.88 42.44

Total 9,529 26,307 35,836
26.59 73.41 100

Chi-square (1) = 222.89, P< .001, odds ratio 1.44, 95% confidence limits (1.38–1.52)
Chest X-ray results Frequency

Expected
Cell chi-square Treatment outcome

Percent Unsuccessful Successful Total

(continued )
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Table 5

(continued).

Age groups, y Frequency

Identifiable TB lesions present 5,466 8,079 13,545
3,547.3 9,997.7
1,037.8 368.22
15.33 22.66 37.99

Identifiable TB lesions absent 3,872 18,239 22,111
5,790.7 16,320
635.73 225.57
10.86 51.15 62.01

Total 9,338 26,318 35,656
26.19 73.81 100

Chi-square (1) = 2267.30, P< .001, odds ratio 3.19 95% confidence limits (3.04–3.35)
Treatment success Frequency

Expected
Cell chi-square TB care

Percent Outpatient group Inpatient group Total
Unsuccessful 670 9,000 9,670

1,044.4 8,625.6
134.19 16.248
1.86 24.92 26.78

Successful 3,230 23,211 26,441
2,855.6 23,585
49.078 5.9422
8.94 64.28 73.22

Total 3,900 32,211 36,111
10.8 89.2 100

Chi-square (1) = 205.46, P< .001, odds ratio 0.54, 95% confidence limits (0.49–0.58)
GX results Frequency

Expected
Cell chi-square Treatment outcome

Percent Unsuccessful Successful Total (mising)
No data 4,267 11,004 16,429 (1,158)

3,744.9 11,055
72.798 0.2356
10.16 26.2 39.12

TB mycobacteria positive with undetermined resistance to rifampicin 83 160 294 (51)
67.015 197.83
3.8128 7.2347
0.2 0.38 0.7

Analysis errors 47 130 181 (4)
41.258 121.79
0.7992 0.5528
0.11 0.31 0.43

TB mycobacteria positive with identified resistance to rifampicin 1,412 104 1,528 (12)
348.3 1028.2
3248.6 830.71
3.36 0.25 3.64

TB mycobacteria positive without identified resistance to rifampicin 2,011 8,346 11,978 (1,621)
2,730.3 8,060
189.5 10.151
4.79 19.87 28.52

TB mycobacteria negative 1,752 8,513 11,583 (1,318)
2,640.3 7,794.2
298.84 66.294
4.17 20.27 27.58

Total 9,572 28,257 41,993 (4,164)
22.79 67.29 100

Chi-square (10)= 5204.44, P< .001
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inpatient groups: the treatment duration in days (mean [SD]) in
the outpatient group was 197.4 (85.1), and in the inpatient
group, it was 194.7 (98.5), t (5411.5) = 1.90, P= .06.
5.1. Comparison of patient-related factors between
outpatient and inpatient treatment groups

The comparison of patient-related factors between the groups
revealed that the inpatient and outpatient treatment groups were
quite heterogeneous, as it seems that older, male, HIV positive,
relapsed, socially disadaptive patients with sputum smear
positive, identifiable TB lesions in chest X-ray, and MDR TB
(with GX identified rifampicin resistance) in rural areas were
more likely to be treated as inpatients (Table 4).
5.2. General treatment success factors

The women had a higher treatment success rate than the men.
The younger adults (aged under 30) also seemed to have greater
success rates than the middle age and older groups. The rural
residents were more likely to complete the treatment successfully.
New cases and other previously treated cases were also noticeably
more successful than relapse cases and patients who were re-
treated after previous failure (by roughly 12%–18%). Incident
case patients were more likely to be treated successfully than
previously treated patients. Social status was also significantly
related to the treatment success. Socially adaptive patients were
more likely to successfully complete the TB treatment than
disadaptive patients. The distribution of general risk factors of
patients with susceptible forms of TB is provided in Table 3.
5.3. Diagnostics related treatment success factors

Smear negative pulmonary TB patients and extrapulmonary TB
patients had noticeably higher rates of successful treatment (24%–

30%) than those with smear-positive pulmonary TB and
generalized TB. The type of TB care had a significant relationship
with treatment success. X-ray test results also were significantly
related to treatment success. The patients who had chest X-rays
showing no pulmonary damage were more likely to successfully
complete treatment than the patients who had X-rays showing the
presence of pulmonary damage. The smear-negative patients were
more likely to have successful treatment outcomes than smear-
positive patients.Most noticeably, the patients with drug-resistant
TB had drastically lower success rates, although 93% of these
patientswhoweredesignatedashavingbeen treatedunsuccessfully
were in fact referred to a different treatment scheme, with their
eventual treatment outcomes not included in the source registry.
The HIV-negative patients had a 25% greater rate of successful
treatment thanHIV-positive patients. The one patient who refused
the testwas successfully treated.Comparisonof diagnostics related
success factors is presented in detail in Table 5.
6. Discussion

In our study, we present a successful attempt to improve the
outpatient TB treatment system in Kazakhstan. The outpatient
TB treatment seems to be a safe and effective alternative to the
inpatient treatment for patients with a less complicated course of
TB (as indicated by the heterogeneity of inpatient and outpatient
population comparison). At the same time, it should be
acknowledged, that the development of outpatient treatment
12
for drug-susceptible and drug-resistant TB is challenging in
countries that have a hospital-based healthcare system. A similar
attempt has recently been made in Uzbekistan.[16]

Previous research has shown that the treatment outcomes do
not differ among inpatient/outpatient with tuberculosis or
outpatient only groups.[17] It has been brought to attention that
inpatients may suffer from more severe TB, and this may result in
inferior treatment outcomes.[18] Our results show that the
outpatient treatment may be an effective alternative to the
inpatient treatment for patients that have a less complicated
therapeutic status. In addition, TB patients with HIV infection
may have less favorable outcomes,[19] as is also seen in our study.
However, the retrospective nature of our study can only be used
to draw limited conclusions.
Previous research describes that female sex, illiterate status,

and presence of comorbidities may be risk factors for the TB
treatment failure.[20] Patient age, TB form, baseline smear,[21] TB/
HIV coinfection, age over 64 years, intravenous drugs abuse,
other diseases (excluding HIV and diabetes), and need for
retreatment[22] have previously been implicated as factors
predisposing to the unsuccessful treatment outcome.
The risk factors associated with the drug-susceptible TB

treatment failure are age, retreatment, nonadherence to medi-
cations, failure to monitor treatment, and positive culture at the
end of treatment months 1 or 2.[23] Older age, unemployment,
HIV infection, and alcohol use have also been identified as
independent risk factors of unsuccessful treatment (e.g., death,
lost to follow-up, failure, transfer out, and other).[24] Diabetes
mellitus seems to be a contributing factor to culture-positive rates
at the end of the second month, treatment failure, and death.[25]

The cavitation on chest radiographs bilateral involvement and
combined pleural effusion are seemingly related with smear
positivity after ≥ 5 months of treatment and may potentially be
treatment failure risk factors.[26] Furthermore, the financial
burden of treatment, medication side effects, and beliefs may lead
patients to treatment discontinuation and may predispose them
to treatment failure.[27]

Successful MDR-TB treatment is associated with non-HIV
patients, sputum-negativity at baseline, unilateral disease and no
prior drug-resistant TB diagnosis.[28] HIV-positive, younger
patients are less likely to be treated successfully.[29] Sputum smear
conversion [that is acid fast bacilli are no longer detectable] results
obtained 2 months after the treatment initiation,[30] and
identification of resistance to fluoroquinolones[31] have also been
described as factors determining the treatment outcome. Interest-
ingly, outpatient care for MDR TB has also been successfully
implemented[32] and does not seem to carry additional risks in
comparisonwith inpatient care, thus supporting theWorldHealth
Organization’s (WHO) recommendation that patients with TB
should be treated using mainly ambulatory care.[4,32]

Our study has several limitations. The main limitation of our
study is its retrospective nature, leading to imbalance between the
outpatient (e.g., with regard to sex balance as a result of more
women being included in this study) and inpatient treatment
groups, aggravating the straightforward comparison between the
treatment outcomes. This imbalance seems to reflect the clinical
reasoning of physicians, as it is reasonable to treat more
complicated cases in hospital (e.g., older patients with positive
sputum smear and MDR TB).
The incomplete documentation of medical data in our

retrospective study might be a source of bias. In many cases,
the medical personnel failed to enter the results of TB diagnostics
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or risk factors. An extreme amount of missing data was observed
in the provision of TB diagnostics data, where data were missing
in >40% of the cases.
7. Conclusions

Kazakhstan has successfully started an advanced outpatient TB
treatment program by reforming both the infrastructure and
legislative environment. The development of patient-centered
outpatient TB treatment is an ongoing process that can also be
successfully implemented, without apparent issues regarding the
quality and efficacy of TB treatment. It would be reasonable to
conclude that to generate more data and to draw more reliable
conclusions, regarding the efficacy of TB treatment and treatment
failure risk factors, more studies of prospective nature should be
performed.
Socioeconomic factors,HIVpositivity, andTBdiagnostics related

factors (like smear negativity and extrapulmonary TB infection,
chest X-ray results) may be risk factors for treatment failure.
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