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INTRODUCTION
Tuberculosis, over many centuries, remains a burning 
problem facing the medical community. In contrast to the 
controlled situation of morbidity rates registered in Europe, 
the persistent TB epidemic in the countries of the so-called 
“post-Soviet space”, to which Ukraine also belongs, draws 
special attention. An epidemic has been declared since 1995 
and has not been overcome yet [1]. Changes in the suscep-
tibility of Mycobacterium tuberculosis (MBT) to antibiotics 
used in treatment regimens is one of the factors influencing 
high morbidity rates. The emergence of drug-resistant 
strains of MTB, due to the discontinued treatment or the 
so-called defaulted treatment, has led to the development 
of severe forms of tuberculosis with significant destruction 
of pulmonary tissue. Prolonged intensive phase, including 
group-2 injectants, increased incidence of severe adverse 
reactions, low profiles of safety and evidence of chemo-
therapy regimens – all of these factors predispose to what 
we call ineffective treatment. Patient noncompliance in 
the future will lead to the development of complex types 
of resistance, when phthisiology depletes the resources of 
effective drugs – and the next step is palliative care [2].

Having analyzed the findings of the operational studies 
conducted in Africa, Asia and India, the WHO in 2016 
published new guidelines for the management of patients 
with multidrug-resistant tuberculosis (MDR-TB) [3]. The 
key differences from the established standards of treatment 
involved: reduction of the treatment terms to 9-12 months, 
selection of the individualized scheme for each patient 
depending on the sensitivity and early recognition of side 
effects [4]. The production of new highly effective drugs 
such as linezolid, delamanid, bedaquiline, pretomanid 
– makes it possible to reduce the number of drugs and 
significantly reduce the duration of therapy with retention 
of high effectiveness of treatment before recovery – up to 
90% cure rates [5]. 

 Since 2018, the phthisiological  reform had started out 
in Ukraine, which fundamentally changed the treatment 
approaches in the fight against tuberculosis. Thuswise, it 
is very important to understand that we should not fight 
the disease but fight against it. All the possibilities should 
be engaged in order to prevent the disease, that’s why this 
problem is considered to be a social issue. This is not a duel 
between a doctor and MTB, but a strategy consisting of a 
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ABSTRACT
The aim: To study the structure of adverse drug reactions and the effectiveness of treatment among patients with drug-resistant tuberculosis who follow the modified short-
term and individualized treatment regimens.
Materials and methods: The analysis of 138 inpatient medical records, outpatient health cards and electronic database of the patient register was conducted. Resistant strains 
of MTB were microbiologically verified in all the patients. All the patients underwent clinical-laboratory, instrumental microbiological, genetic-molecular (GeneXpert MTB / RIF) 
methods of examination, both for diagnosis and monitoring of the effectiveness of treatment. In order to prevent complications and control adverse reactions, all the patients 
were briefly screened for peripheral neuropathy, basic audiometry, the QTc interval was determined,  visual acuity and color perception were checked.
Results: At individualized treatment regimen of tuberculosis, adverse reactions were 3.5 times more common than in patients with modified short-term therapy, in 65 (68.4%) 
cases and in 8 (18.6%) cases, respectively. Accordingly, the effectiveness of treatment differed in both groups. Prevailing in long-term treatment were: treatment interruption 
treatment gap, treatment failure, continued treatment. In patients receiving short-term regimens, the cured rate was almost twice as common as in the second group.
Conclusions: Timely detection cases of resistant tuberculosis and using linear probe analysis (LPA) - GenoType MTBDRplus for diagnosis of fluoroquinolone resistance, will allow 
the use of modified short-term treatment regimens for tuberculosis. Which in turn will reduce the number of side effects and improve the outcome of treatment.
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large number of factors, participants, ways of performing 
and qualitative resources.

The patient-centered model, which is actively imple-
mented by the Center for Public Health, the Ministry of 
Healthcare of Ukraine, and scientific-practical phthisiolo-
gy, requires improvement of the patient’s roadmap, starting 
from the family physician to secondary specialized and 
tertiary highly specialized care, later on completing treat-
ment under the control of the primary care physician again. 
Moreover, at all stages the treatment should be identical 
in its effectiveness and quality in order to achieve a single 
successful goal – patient’s recovery [6].

It is important to realize that victory is impossible 
without timely diagnosis of tuberculosis, detection of side 
effects of drugs, and monitoring of the achievements of 
ultimate goals. We will be able to prescribe effective, short-
term treatment regimens only in case of uncompromised 
patients. That is, those who are diagnosed with resistant 
tuberculosis for the first time without resistance to fluo-
roquinolones [7]. So, everything is based on diagnosis. 
Microbiological detection of MTB and its resistance is of 
great importance, as it allows to make a correct diagnosis 
and apply the most effective treatment regimen as soon as 
possible. Over the past 10 years, the WHO has approved 
a number of new research methods. Generally, there are 
four groups of techniques:  Xpert MTB/RIF® (Ultra), line 
probe assay (LPA) – GenoType MTBDRplus, Genoscholar 
™ NTM + MDRTB II and GenoType® MTBDRsl [8].

THE AIM
The article analyzes the types and rate of occurrence of 
adverse reactions to anti-TB agents and the effectiveness 
of treatment in patients with drug-resistant tuberculosis in 
Prykarpattia, depending on the chosen treatment regimen. 
We also set forward the possibilities for timely selection 
of patients for the administration of modified short-term 
treatment regimens.

MATERIALS AND METHODS
The study was performed on the basis of communal non-com-
mercial enterprise “Ivano-Frankivsk Regional Phthisiopulmon-
ology Center”, Center for Pulmonary Diseases, which provides 

highly specialized assistance to 1,300,000 people in the region. 
We have analysed 138 inpatient medical records, outpatient 
health cards and electronic database of the patient register, 
which were treated in the department of chemically resistant 
tuberculosis (XDRTB). Resistant strains of MTB were microbi-
ologically verified in all the patients. According to the strategy 
in Ukraine, order of the Ministry of Healthcare № 530 from 
February 25, 2020 “On approval of health standards for tuber-
culosis”, all the patients underwent mandatory examinations, 
including: laboratory (complete blood count and metabolic 
panel, urine analysis, the levels of sodium, calcium, potassium, 
chlorine were detected), creatinine clearance (Cockcroft-Gault 
formula), instrumental (radiography, computed tomography, 
spirometry, fibrobronchoscopy, ultrasound of the lungs and 
abdominal organs), sputum smear microscopy, phenotyping 
(BACTEC system, Löwenstein-Jensen solid medium (MT 
molecular-Geneper) / RIF) screening methods, with the aim 
of proper diagnosing and monitoring of the effectiveness of 
treatment [8]. The patients also underwent a brief screening for 
peripheral neuropathy (PN) using a scale of subjective assess-
ment of PN, basic audiometry (hearing impairment), the QTc 
interval was determined, and visual acuity and color perception 
(Ishihara color blindness test) were studied [9]. Processing of 
statistical data was performed with the use of “STATISTICA 
6.1» (“StatSoftInc’’, № AGAR909E415822FA) program. The 
probability of differences was determined by means of  Fisher’s 
ratio test for parametric data. Test statistics is limited to the ratio 
of sample variance.

RESULTS
The study involved 138 patients, of whom 76 (55.1%) 
were male-patients and the remaining 62 (45.6%) were 
female ones. 43 (31.2%) patients were prescribed mod-
ified short-term treatment scheme with inclusion for 4 
months: bedaquiline (6 months),   levofloxacin, clofazi-
mine, ethionamide, ethambutol, isoniazidum (high dose) 
and pyrazinamide + 5 months of levofloxacin, clofazimine, 
ethambutol and pyrazinamide; while 95 (68.8%) patients 
were prescribed individualized long-term treatment regi-
mens. The effectiveness of treatment (see Table I).

Statistical analysis based on Fisher’s exact test showed 
that in patients following individualized regimens of treat-
ment frequent indicators of effectiveness were: treatment 

Table I. The treatment effectiveness of patients who received anti-TB agents on a short-term and individualized schemes, %

Treatment effectiveness Short-term regimens,
n=43

Individualized scheme,
n=95 P-exact Fisher’s test

Treatment interruption 2 (4,7) 9 (9,5) =0,28

Treatment gap 0 (0,0) 7 (7,4) =0,0008

Treatment failure 0 (0,0) 8 (8,4) =0,0007

Cured 39 (90,7) 49 (51,6) =0,51

Completed treatment 4 (9,3) 18 (18,9) =0,12

Continue treatment 0 (0,0) 13 (13,7) =0,0006

Notes: 1) n – number of patients; 2) in parentheses the percentage to the number of patients; 
3) p-exact Fisher’s test (in comparison with short-term and individualized schemes).
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interruption, treatment gap, treatment failure, completed 
treatment, continue treatment. In patients following short-
term regimens of treatment frequent indicators of effec-
tiveness were: cured, patients did not interrupt treatment, 
no treatment failure was observed, and they had no need 
for prolonged treatment.

Adverse reactions on the use of second-line antimycobac-
terial agents  in patients treated with a short-term regimen 
occurred in 8 (18.6%) cases, while in patients treated with 
an individualized regimen they occurred in 65 (68.4%) 
cases (see Table II). 

Statistical analysis based on Fisher’s exact test showed that 
in patients following individualized regimens of treatment, 
frequent adverse reactions were: QTcF/electrolyte imbal-
ance, anemia, joint pain. Polyneuropathy was registered in 
patients with almost the same frequency, both in the case 
of a short-term treatment regimen and on an individual-
ized approach. However, adverse reactions such as tremor, 
insomnia, convulsions, elevated liver enzymes markers, 
oto-and-nephrotoxicity, and allergic reactions were not 
observed in patients receiving short-term drug therapy, in 
contrast to patients treated with individualized regimens. 

DISCUSSION
Tuberculosis, despite a thousand-year history of combating 
it, still remains a leader among highly infectious diseases 
resulting in high mortality rates worldwide. There is no 
place on the map where this disease wasn’t registered, 
neither the Great Wall of China nor the Berlin Wall can 
hold it back. In the process of improving the methods for 
MTB detecting and treating the disease, Koch’s bacillus 
finds new opportunities to withstand this fierce struggle, 
often remaining the winner.

The reasons that do not give us the ability to control the 
TB globally lie in certain features of the pathogen and its 
adaptive capabilities, the peculiarities of the course of in-
fectious process [10]. The look-back analysis of the problem 
shows that the only thing that is left of the former familiar 
disease is its name. Severe clinical forms of the disease, a 

combination of pulmonary and extrapulmonary localiza-
tion of the process, co- or polymorbidity of the disease, 
increasing proportion of risk factors, a sharp increase in 
the number of drug-resistant TB forms are currently the 
factors that interfere with the possibilities to take control 
over the situation [11]. The problem of effective treatment, 
particularly of such complex  forms as chemoresistant TB, 
remains undeniably important. Thorough analysis of TB 
treatment barriers makes it possible to divide them into 
two main points: at the level of a patient and at the health 
care system level. Speaking about the patient, it involves 
stigmatization, low level of awareness, disinclination to give 
up bad habits, long-term treatment, especiallyof chemore-
sistant TB, and a large number of adverse reactions. [6,12]. 
Changes in the healthcare system involve approaches to 
the management of patients with tuberculosis: active use 
of advanced treatment models with the possibility of video 
monitoring over the use of medications, reducing the du-
ration of treatment, psychological and financial support. 
These are the “must have” operational procedures, the 
use of which will ensure the effective achievement of the 
ultimate goal – patients’ cure [13]. 

Analyzing the obtained data on the treatment effective-
ness in both subgroups of patients, it is possible to state that 
patients on short-term regimens were 1.8 times more likely 
to meet the convalescence criteria than the patients from 
the other group: 39 (90.7%) cases and 49 (51.6%) cases, 
respectively (p = 0.51). In case of individualized therapy, 
the incidence of such negative indicators as interruption in 
treatment was almost two times higher as compared to the 
modified treatment – 9 (9.5%) and 2 (4.7%), respectively 
(p=0.28). It is important to note that with the use of short-
term treatment regimens, such indicators as interruption of 
therapy or treatment failure were not observed. Group of 
patients following the individualized regimen of treatment 
had a higher percentage of cases of prolonged treatment, 
as they were regularly prescribed detoxification and patho-
genetic therapy due to adverse reactions.

Among the main reasons for the interruption of treat-
ment or treatment gap in TB patients are: deterioration of 

Table II. Adverse reactions in patients following treatment with anti-TB agents on a short-term and individualized schemes, %

Adverse reactions Short-term regimens,
n=43

Individualized scheme,
n=95 P-exact Fisher’s test

QTcF/electrolyte imbalance 2 (4,7) 6 (6,3) =0,52

Anemia 2 (4,7) 5 (5,3) =0,62

Tremor, insomnia, convulsions 0 (0,0) 4 (4,2) =0,0013

Elevated liver enzymes markers 0 (0,0) 6 (6,3) =0,0011

Polyneuropathy 3 (6,9) 4 (4,2) =0,39

Ototoxic effect 0 (0,0) 6 (6,3) =0,0011

Nephrotoxic effect 0 (0,0) 21 (22,1) =0,0002

Joint pain 1 (2,3) 7 (7,4) =0,43

Allergic reaction 0 (0,0) 6 (6,3) =0,0011

Notes: 1) n – number of patients; 2) in parentheses the percentage to the number of patients; 
3) p-exact Fisher’s test (in comparison with short-term and individualized schemes).
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health after the start and continuous therapy; unwillingness 
to take a large number of tablets and injections daily, the 
need for a long-term hospitalization [12]. The obligatory 
issue for effective TB management is the control of ad-
verse reactions. And while, QT abnormalities, electrolyte 
imbalance and anemia in both treatment groups occurred 
with approximately the same frequency and were slightly 
pronounced and monitored with the administration of 
detoxification therapy, the nephro- 21 (22.1%) (p = 0.0002) 
and ototoxic 6 (6 , 3%) (p = 0.0011) reactions occurred 
only in the cohort of patients undergoing long-term 
treatment and were associated with the administration of 
aminoglycosides. Tremor, insomnia, convulsions, allergic 
reactions were also the prerogative of patients undergoing 
individualized treatment regimens.

Certainly, the occurrence of an adverse reaction results 
in the need to discontinue the basic therapy, detoxify, and 
sometimes even permanently cancel the drug that has 
led to this condition. This is a very dangerous tendency: 
reducing the range of drugs that can be used to arrange 
treatment – increasing the risk to be transferred to the sad 
category of palliative care.

CONCLUSIONS
1.	� The increasing number of resistant strains of MTB has 

led to the increased number of cases of drug-resistant 
tuberculosis in Prykarpattia. This fact has a negative 
influence on both the duration and effectiveness of 
treatment and imposes a huge economic burden and 
stigma for the patient.

2.	� The development and implementation of modified, 
short-term treatment regimens for chemoresistant tu-
berculosis will enable the patient to receive treatment 
at home, reduce the number of drugs used and, conse-
quently reduce the number of adverse reactions.

3.	� It is critical to follow the patient’s roadmap on the 
timely, early diagnosing of TB cases, especially those 
caused by resistant strains of MTB; as only an unpro-
voked patient without resistance to fluoroquinolones 
can receive this new, effective modified treatment reg-
imen. Therefore, there is another option of diagnostic 
capabilities that each regional TB center should be 
provided with – linear probe analysis (LPA) - GenoType 
MTBDRplus.

4.	� Constant control over the use of drugs, timely detection 
of adverse reactions, their prevention and treatment 
will make it possible to achieve high-quality goals of 
the patient’s treatment.
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