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Summary. Background and Objective. Since 1990, the tuberculosis incidence rate in Eastern
Europe and post-Soviet republics has been increasing in many countries including Kazakhstan. This
problem is particularly important in Kazakhstan regions with limited financial resources, among
them — in South Kazakhstan province. The aim of this study was to investigate the main clinical and
antibiotic-related economic aspects of tuberculosis treatment in South Kazakhstan province.

Material and Methods. In total, 502 patients participated in the study. They were hospitalized
to the tuberculosis dispensary of Sayram district (South Kazakhstan province) in 2007—-2013. Sta-
tistical analysis included logistic regression for better treatment outcomes and analysis of antibiotic
treatment costs.

Results. Two-thirds of patients had infiltrative tuberculosis (67%). Positive treatment outcomes
were determined in 85% of cases. The patients were mostly treated with cycloserine, protionamide,
capreomycin, and ofloxacin. The majority of antibiotic costs were related to the treatment with
capreomycin. In case of the positive results of the test for Mycobacterium tuberculosis, antibiotic
expenses were almost 3 times greater than in case of negative test results (P<0.001).

Conclusions. The majority of patients had extensively drug-resistant tuberculosis. The nega-
tive results of the test for Mycobacterium tuberculosis at discharge were not related to pretreatment
factors. Antibiotic-related costs were significantly higher in case of the positive results of the test of
Mycobacterium tuberculosis, but were not associated with gender, residence place, hospitalization
recurrence, or main blood test results before treatment.

Introduction

Since 1990, the tuberculosis (TB) incidence rate
in Eastern Europe and post-Soviet countries has
been increasing and in 2008 reached a peak in Be-
larus, the Russian Federation, Ukraine, and Central
Asian republics: Kazakhstan, Kyrgyzstan, Tajikistan,
and Uzbekistan (1, 2). Although the rates have be-
gun to decline in many of these countries, the prob-
lem of multidrug-resistant tuberculosis (MDR-TB)
is still relevant. Of the 17 283 MDR-TB cases re-
ported in 2004 worldwide, more than 60% (10 595)
were from the European region, especially from
Eastern Europe and the Baltic states: Estonia, Lat-
via, and Lithuania. Following the collapse of the So-
viet Union in 1991, healthcare systems in post-So-
viet countries experienced substantial reductions in
financing, decline in population coverage, and huge
increases in out-of-pocket payments (3).

Despite the considerable efforts of authorities
and the improvement of healthcare in Kazakhstan,
the extent of tuberculosis issue remains the same

Correspondence to K. Smigelskas, Department of Health Psy-
chology, Medical Academy, Lithuanian University of Health
Sciences, A. Mickevic¢iaus 9, 44307 Kaunas, Lithuania

E-mail: kastsmig@gmail.com

and is becoming increasingly problematic. This is
largely due to an increasing prevalence of MDR-
TB that is a form of TB resistant to the main ef-
fective antibiotics (4, 5). This problem is particu-
larly important in the regions of Kazakhstan with
limited financial resources. Among them, there is
South Kazakhstan province with a high incidence
of tuberculosis, accompanied by a rapid increase in
the number of cases with diagnosed TB resistant to
main antibiotics used for TB treatment.

MDR-TB is tuberculosis that does not respond
to at least isoniazid and rifampicin, the two most
powerful anti-TB drugs. Extensively drug-resistant
TB (XDR-TB) is a form of MDR-TB that responds
to even fewer available medicines (6). MDR-TB at-
tracted the attention of physicians in the late 1970s
and the early 1980s. On the one hand, its fast and
threatening spread throughout the world forced the
search for new effective antibiotics and, on the oth-
er, the use of new strategies and forms of the treat-
ment (1).

The treatment of patients with MDR-TB is much
more expensive than the treatment of drug-sensitive
TB. Many post-Soviet countries report the cases of
XDR-TB, which is a severe form of MDR-TB be-
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cause of the resistance of the disease to most major
second-line anti-TB drugs (7, 8).

Antibiotic resistance increases the costs of TB
treatment. The longer duration of the disease and
more complex regimens increase the costs of treat-
ment and subsequently the financial losses of indi-
vidual families and the whole society. According to
the experts, the total burden of antibiotic resistance
in the European Union is about 1.5 billion euros (9).

Kazakhstan has a high rate of TB and one of the
highest rates of MDR-TB in the world (10). With
the collapse of the Soviet Union and deteriorat-
ing economic situation in the 1990s, health fund-
ing deteriorated in all former Soviet Republics,
including Kazakhstan. This initially led to a sharp
increase in the TB infection rate in all regions of
Kazakhstan. TB incidence peaked in Kazakhstan in
2004 (223/100 000 population) (5). Then, a bet-
ter economic situation in the country allowed the
government to improve the provision of healthcare.
Authorities launched the National Tuberculosis
Program and started to apply the Directly Observed
Therapy Short Course (DOTS) (11, 12). Neverthe-
less, the number of patients with TB, resistant to
multiple antibiotics, has increased. This may have
happened due to an improved diagnosis and the
expansion of health service coverage of the target
population.

The aim of this study was to investigate the main
clinical and antibiotic-related economic aspects of
TB treatment in the province of South Kazakhstan.
The study was targeted to investigate the general
situation of TB in South Kazakhstan province and
especially the prevalence of TB that is resistant to 2
or more antibiotics as well as antibiotic-related costs
to treat these forms.

Material and Methods

The study was observational and used longitu-
dinal data. In total, 502 patients participated in the
study. The study subjects were patients hospitalized
to the TB dispensary of Sayram district, South Ka-
zakhstan province (oblast) from October 16, 2007,
to February 27, 2013. The period was chosen based
on the availability of data necessary for analysis. This
dispensary is specialized in the treatment of MDR-
TB and XDR-TB. The majority of the patients
were undergoing the DOTS-plus course, category
4 (laboratory-approved MDR-TB or XDR-TB and
negative TB treatment outcomes). Treatment was
assigned on an individual basis taking into account
drug resistance status, age, and body mass index.
The total treatment duration of MDR-TB was 24
months, including intensive and supportive care of
outpatients. The data for analysis were drawn from
medical records and databases. Antibiotic resistance
was determined based on bacteriological tests.

In the study sample, 65.5% were men. Before
admission to the hospital, half of the patients were
residing in urban areas, and another half, in rural
areas (50.8% and 49.2%, respectively). The mean
age of the patients was 38.3 years (SD, 12.9); body
weight, 58.2 kg (SD, 11.97); and height, 167.6 cm
(SD, 8.98). The majority (95%) of the patients were
hospitalized for TB treatment for the first time. The
overwhelming majority of the patients had under-
gone TB vaccination previously in their life, except
up to 3% of the patients from families with a very
poor socioeconomic status.

The statistical data analysis was conducted using
the statistical SPSS package 19.0 for Windows. In
descriptive analysis, categorical variables were de-
scribed using numbers (n) and percentages; continu-
ous variables, using mean (standard deviation). The
comparison of subgroups was performed using the
chi-square test. The prognostic potential of possible
predictors was calculated using univariate binary lo-
gistic regression modeling. As the outcomes of inter-
est, the negative results of the test for Mycobacterium
tuberculosis at discharge (only for those with positive
test results at admission), minor positive changes on
x-rays, and general improvement were chosen. The
sensitivity analysis for antibiotics-related costs was
conducted as a univariate model for different factors.
It compared the dichotomous subgroups of presum-
able pretreatment factors (gender, residence, hospi-
talization number, results of blood and microscopy
tests at admission) and costs for those subgroups, in-
cluding significance estimate for difference based on
the Student ¢ test and the Levene test for the equal-
ity of variances. The costs are presented in euros
(205.89 tenge for 1 euro; February 3, 2013). The
statistical significance level was set at 5%.

Results

Less than quarter (23.5%) of the patients had
a contact with the illness previously; 4.2% of the
patients underwent surgery. At admission to the
hospital, 59.2% of the patients had the positive mi-
croscopic results of the test for Mycobacterium tu-
berculosis; at discharge, this percentage decreased to
11.8% (P<0.001). Data on the extent of TB in the
lungs were grouped based on the number of the af-
fected lungs (one or two, irrespective of the number
of affected lobes) and by affection of the lobes (only
for cases with one affected lung). Analysis revealed
that almost half of the patients had both lungs af-
fected; more than one-third of the patients had one
lobe affected (Fig. 1).

Two-thirds of the patients had infiltrative TB
(67.3%); others were diagnosed with fibrous-caver-
nous (27.3%), disseminated (2.2%) or other type of
TB (3.2%). The outcome of treatment was consid-
ered positive for 85.4% of the patients enrolled in
the study. Minor positive x-ray dynamics was ob-
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Fig. 1. The distribution of patients according
to lung affection

served in almost half of all the patients (45.2%);
others had either no (48.2%) or negative changes
(6.6%).

Almost 90% of the patients had TB resistant to
isoniazid, rifampicin, and streptomycin; almost half,
to ethambutol. Resistance rates to all other analyzed
antibiotics ranged from 0% to 1% (Fig. 2).

In our study, 86.9% of the patients had MDR-TB.
Meanwhile, XDR-TB was highly prevalent among
the subjects in our study (80.5%). In general, resist-
ance to 13 antibiotics was tested, and 43.8% of the
patients had resistance to 4 antibiotics; 38.0%, to 3
antibiotics; and 14.1%, to 2 antibiotics.

The study has also analyzed how the prescription
of antibiotics (isoniazid, streptomycin, rifampicin,
and ethambutol) matched with resistance to them.
It was found that only ethambutol was more fre-
quently prescribed for the patients without resist-
ance, while isoniazid, streptomycin, and rifampicin
were prescribed similarly to the patients with lab-
oratory—approved resistance and without (Table 1).
Regarding the actual treatment, the patients were
mostly treated with cycloserine (90.8%), protiona-

mide (87.3%), capreomycin (66.9%), and ofloxacin
(64.5%).

The regression analysis revealed that the nega-
tive results of the test of Mycobacterium tuberculosis
could not be predicted with statistical significance
using analyzed factors (P>0.05, Table 2). Mean-
while, the patients with drugs side effects, high
erythrocyte sedimentation rate, positive results of
the test for Mycobacterium tuberculosis at admission,
and other diseases were more likely to experience
minor positive changes on x-rays (P<0.05). A gen-
eral improvement was observed more often among
the patients who were hospitalized for the first time
and among those with a normal erythrocyte sedi-
mentation rate at admission compared with other
study patients (P<0.05).

The study also included pharmacoeconomic
analysis, concerning exclusively antibiotic treatment
costs (Table 3). It was found that more than half
(58%) of all the antibiotic expenses were related to
the treatment with capreomycin. Other drugs com-
prising the substantial part of the total costs of anti-
biotic treatment against TB were cycloserine (12%),
levofloxacin (9%), and para-aminosalicylic acid (9%).
All other antibiotics had a minor impact on total ex-
penses — either due to low prices or to a small number
of the patients treated with a certain antibiotic.

Table 1. Antibiotic Treatment and Antibiotic Resistance-Status
in the Study Sample

Actual Assign-
ment of Anti-

Actual Assign-
ment of Anti-

Rifabutin
Cycloserine
Capreomycin
Glutoxim
Ethambutol
Moxifloxacin
Levofloxacin
Protionamide
Ofloxacin
Rifampicin
Pyrazinamide
Streptomycin
Kanamycin
Isoniazid

0 10 20 30 40

Antibiotic biotics Among biotic Among P
Subjects With  Subjects Without
Resistance Resistance

Isoniazid 5.81 5.41 0.920
Streptomycin 0.89 1.82 0.515
Rifampicin 7.58 15.00 0.100
Ethambutol 10.29 28.19 <0.001
Values are percentages.

50 60 70 80 9 100 %

Fig. 2. Prevalence of antibiotic resistance before tuberculosis treatment
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Table 2. Pretreatment Factors and Better Outcomes of Tuberculosis Treatment
(Univariate Logistic Regression Analysis)

Negative Results
of Mycobacterium tuberculosis

Minor Positive Change on
General Improvement

Factor Test at Discharge X-rays
OR (95% CI) P OR (95% CI) P OR (95% CI) P

Negative 1.00 1.00
HIV test NA

Positive 6.17 (0.72-53.21) 0.098 0.86 (0.10-7.43) 0.887

Negative 1.00 1.00 1.00
Rhesus factor i

Positive 1.10 (0.23-5.35) 0.902 0.72(0.26-2.00) 0.523 0.41(0.05-3.16) 0.391
Drug side effects No 1.00 1.00 1.00

Yes 0.98 (0.38-2.52) 0.972 1.80(1.02-3.17) 0.043 1.17(0.51-2.70) 0.714
Gender Female 1.00 1.00 1.00

Male 1.32 (0.72-2.43) 0.366 1.12 (0.77-1.63) 0.542 0.63 (0.36—1.10) 0.103
Residence Urban 1.00 1.00 1.00

Rural 0.62 (0.34-1.12) 0.112 0.71 (0.50-1.01) 0.055 1.06 (0.64-1.73) 0.831
Hospitalization First 1.00 1.00 1.00

Recurrent 114 (0.24-5.37)  0.866 0.95 (0.42-2.13)  0.900 0.23 (0.10-0.53) 0.001

Yes 1.00 1.00 1.00
Surgery

No 1.00 (0.21-4.75)  0.996 0.74 (0.31-1.78)  0.506 1.00 (0.29-3.48) 0.997
Erythrocyte sedimentation <15 mm/h 1.00 1.00 1.00
rate at admission S15mm/h 0.81(0.43-1.50)  0.499 1.64 (1.15-2.35) 0.006 0.54 (0.33-0.89) 0.016
Leukocytosis at admission <Ox10°/L 1.00 1.00 1.00

>9x10°/L 0.86 (0.45-1.64) 0.643 1.22(0.79-1.87) 0.372 0.73(0.41-1.29) 0.281
Lymphocytosis <40% 1.00 1.00 1.00
at admission >40% 0.86 (0.33-2.22) 0752 0.70 (0.37-1.33) 0272 1.06 (0.43-2.61) 0.896
Mycobacterium tuberculosis Positive NA 1.00 1.00
at admission Negative 0.43 (0.30-0.62) <0.001 1.39 (0.83-2.34) 0.213
Other diseases No 1.00 1.00 1.00

Yes 1.20 (0.64-2.22) 0.573 1.69 (1.15-2.47) 0.007 1.58 (0.88-2.82) 0.123
Isoniazid resistance No 1.00 1.00 1.00

Yes 0.38 (0.09-1.65) 0.196 0.97 (0.49-1.90) 0.926 1.40(0.59-3.32) 0.445
Streptomycin resistance No 1.00 1.00 1.00

Yes 0.91 (0.33-2.50) 0.852 1.27 (0.72-2.25) 0.411 1.02 (0.46-2.25) 0.967
Rifampicin resistance No 1.00 1.00 1.00

Yes 124 (0.44-351)  0.679 1.41(0.73-2.75) 0.308 1.79 (0.82-3.94) 0.147
Ethambutol resistance No 1.00 1.00 1.00

Yes 0.65(0.36-1.16)  0.145 0.97 (0.68-1.38) 0.874 1.34 (0.81-2.22) 0.250

NA, not applicable.

The sensitivity analysis of antibiotic-related costs
revealed that only microscopy of Mycobacterium tu-
berculosis at admission among the analyzed pretreat-
ment factors was related to significantly different an-
tibiotic costs (Table 4). In case of the positive results
of the microscopy test for Mycobacterium tuberculosis,
the antibiotic expenses were almost 3 times greater
than in cases of negative test results (P<0.001). Even
though it was observed that being a female, living in
rural areas, being hospitalized for the first time, and
having unfavorable results of blood testing were as-
sociated with higher antibiotic costs, no significant
differences were documented (P>0.05).

Discussion
The National Tuberculosis Program has reported
large differences in the incidence of TB and diagno-

sis of new cases of the disease across the regions of
Kazakhstan. An increase in the prevalence of MDR-
TB in South Kazakhstan province appears to be par-
ticularly menacing (11).

This study demonstrates the severity of the prob-
lem: the prevalence of MDR-TB among the study
patients was 87%. Meanwhile, XDR-TB also was
highly prevalent among our study subjects (80%).
This proportion is significantly different from the
average statistics in the country. This phenomenon
must have objective reasons. One of them could be a
possible labor force migration from other countries.
In recent years, Kazakhstan has become an impor-
tant destination for seasonal workers from Uzbeki-
stan. In a context of high TB incidence, TB treat-
ment is provided free for all residents in Kazakhstan;
however, migrants rarely access these services (6).

Medicina (Kaunas) 2013;49(7)



Tuberculosis Treatment in Kazakhstan 339

Table 3. Total Antibiotic-Related Costs
of Tuberculosis Treatment

Costs per Total Costs
- Treated
Antibiotic Patient, Euros %
Euros
Amikacin 35.06 4383 1.0
Amoxicillin 25.05 250 0.1
Capreomycin 788.91 265074 57.9
Clarithromycin 146.73 587 0.1
Cycloserine 117.47 53564 11.7
Ethambutol 4.20 412 0.1
Isoniazid 1.01 36 0.0
Kanamycin 7.24 94 0.0
Levofloxacin 196.23 41797 9.1
Moxifloxacin 108.46 1085 0.2
Ofloxacin 32.92 11026 2.4
Para-aminosalicylic acid 133.33 40 400 8.8
Para-aminosalicylic acid 3% 144.92 29418 6.4
Protionamide 12.87 5635 1.2
Pyrazinamide 8.05 3003 0.7
Rifampicin 5.77 237 0.1
Streptomycin 91.50 457 0.1
Total 911.27 457 457 100

The strains resistant to isoniazid and rifampicin
were among the strains of Mycobacterium tubercu-
losis isolated from TB patients in different regions
of Kazakhstan (10). The costs of treatment of these
patients are markedly increased. Thus, the replace-
ment of only 2 major antibiotics (isoniazid and ri-
fampicin) based on resistance to them greatly in-
creases the costs of treatment.

A literature review has identified several global
risk factors for TB (10). Individual risks include age,
gender, smoking, alcoholism, diabetes, HIV status,
marital status, ethnicity, homelessness, incarcera-
tion, drug use, and migrant status (10, 13-18). In
our study, the regression analysis revealed that the
negative results of the test for Mycobacterium tuber-
culosis at discharge could not be predicted by ana-
lyzed factors. Treatment success was documented in
85% of the patients enrolled in this study. A simi-
lar study conducted in the former Soviet countries
reported similar percentages: a success rate of 87%

in Nagorno-Karabakh, Azerbaijan, and 61% in Ke-
merovo prison, Russia (19).

Our study was among the first ones that evalu-
ated the clinical and economical aspects of TB in
Kazakhstan. It was performed in a high-risk prov-
ince of South Kazakhstan, showing the effects of so-
cioeconomic changes on TB resistance in the post-
Soviet country 2 decades following the collapse of
the Soviet Union. The findings revealed the most
common patterns of antibiotic treatment, treatment
outcomes and antibiotic resistance including costs
for antibiotic drugs. However, the study is limited
as it estimated only antibiotic-related costs and did
not account for other treatment costs such as social
costs. This gives a potential for the future TB man-
agement at regional or national levels. Using the
current data as a baseline, the implementation of
monitoring systems could enable the evaluation of
success of health programs targeted at TB control.
Therefore, our study can serve as one of the first
steps toward evidence-based decision-making in the
management of TB in Kazakhstan.

Conclusions

The majority (80%) of patients at the TB dis-
pensary had extensively drug-resistant tuberculosis,
especially resistant to streptomycin, rifampicin, and
isoniazid (about 90% of patients). The prevalence
of Mycobacterium tuberculosis infection following
the treatment at the tuberculosis dispensary essen-
tially decreased from 59% at admission to 12% at
discharge. Based on the study results, the negative
results of the test for Mycobacterium tuberculosis at
discharge was not related to pretreatment factors.
Antibiotic-related costs were significantly higher in
case of the positive results of the test for Mycobac-
terium tuberculosis but were not related to gender,
residence place, hospitalization recurrence, or main
blood test results before treatment.
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Table 4. Antibiotic Treatment Costs of Tuberculosis: Sensitivity Analysis

Mean Costs,

Factor t P
Euros
Female 1222 (4013)
Gender Male 748 (720) 2.002 0.141
. Urban 782 (703)
Place of residence Rural 1045 (3537) -1.149 0.251
T First 935 (2594)
Number of hospitalization Recurrent 463 (375) 0.426 0.364
Erythrocyte sedimentation rate at admission f%g $$§}ﬁ ggg Eﬁgg; —-0.505 0.614
. . <9x10°/L 873 (2607)
Leukocytosis at admission S0x10°/1 1056 (2236) —-0.660 0.510
. - <40% 912 (2641
Lymphocytosis at admission >400/§ 906((657)) 0.014 0.989
Results of Mycobacterium tuberculosis test at admission ioesgl;lt\;se ligg g%é?) 4.213 <0.001
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