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Summary.
145 patients (67 children and 78 adolescents) from the multidrug-resistant tuberculosis infection focies took part 

in the complex microbiological study. The children and adolescents had undergone treatment for the pulmonary multi-
drug-resistant tuberculosis. The study showed that MDR TB was by 1.7 times more often revealed in the adolescents as 
compared to the children, while the risk of MDR TB was by 3.7 times higher for the children than for the adolescents. 

The drug resistance profile of the children and the sources of infection almost completely coincided. The resistance to 
HRSE (66.1%) and HRESZ (13.6%) developed in the adolescents more often than in the children and adults. The study 
proves the importance of defining the drug resistance profile in the exposed children and adolescents from the multi-
drug-resistant tuberculosis focies.
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Резюме. Сравнительная характеристика лекарстенной устойчивости мбт у детей, подростков и источ-
ника инфекции в очагах мультирезистеного туберкулеза

Проведено комплексное микробиологическое обследование 145 детей (67) и подростков (78) из очагов муль-
тирезистентной туберкулезной инфекции. Дети и подростки лечились в связи с мультирезистентным туберкуле-
зом легких (МРТБ). Установлено, что у подростков МРТБ отмечается в 1,7 раза чаще, чем у детей, а риск к МРТБ 
– в 3,7 раза чаще у детей, чем подростков. У детей констатировано полное совпадение характера устойчивости с 
источником инфекции, а у подростков чаще всего резистентность отмечено к комбинации HRSE (66,1%) HRESZ 
(13,6%), в отличии взрослых и детей. Проведенная робота доказывает важность определения профиля резистент-
ности у контактных детей и подростков из очагов мультирезистентной туберкулезной инфекции. 

Ключевые слова: МРТБ, дети, подростки.

Introduction.
At the time when the epidemiological situation of 

tuberculosis is getting worse, special attention should 
be paid to children from the tuberculosis infection 
focies. Of all children and adolescents infected with 
tuberculosis 45 (77.1%) of them were from the infec-
tion focies [1 – 3, 5, 7]. 

The rapid molecular and genetic testing for the 
drug susceptibility of the MBThas been absolutely 
crucial today. The wider use and advancement of the 
molecular and genetic testing for the multidrug resis-
tant tuberculosis will contribute to the early detection 
of the multidrug resistance in children, adolescents 
and the sources of infection [4 − 6, 8].

Taking into account that the pulmonary mul-
tidrug-resistant tuberculosis and the extensively 
drug-resistant tuberculosis occurrence has significant-
ly increased in the recent years, the study of the drug 
resistance profile of MBTin the exposed children and 
adolescents from the drug-resistant tuberculosis focies 
has been crucial for providing the most efficient anti-
mycobacterial therapy and preventative care. 

The study’s objective.
The drug resistant profile of the MBTin the ex-

posed children, adolescents and the source of infec-
tion in the multidrug-resistant tuberculosis focies is 
the objective of the study.

Materials and methods.
145 children from Lviv region, Ukraine were ex-

amined to take part in the microbiological study. The 
patients aged under 14 were classified as “children” 
(67) and those aged 15-17 were classified as “ado-
lescents” (78). All the children and adolescents were 
from the multidrug-resistant tuberculosis focies. They 
had undergone treatment for the multidrug-resistant 
pulmonary tuberculosis at the Pediatric Department 
of Lviv Pulmonary Health Center throughout the pe-
riod of 2012-2021.

The microbiological study with the involve-
ment of the children, adolescents and adult patients 
included the detection of the MBTby the sputum 
smear microscopy, sputum culturing on the Lowen-
stein-Jensen medium, the classification of the re-
leased mycobacteria in BACTEC MGIT 960 and 
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testing for the drug susceptibility of the MBTto the 
first-line and second-line antimycobacterial agents. 
The molecular-genetic analysis of sputum, in partic-
ular, GeneXpert MBT/RIF and the line-probe assay 
of Hain Lifesciences, were applied for diagnosing the 
multidrug-resistant tuberculosis. The objective was to 
define the susceptibility of the MBTto the first-line 
antimycobacterial agents (isoniazid and rifampicin) 
by applying GenoTyp MTBDRplus hybridization in-
struments, as well as to the second-line agents (fluo-
roquinolones and aminoglycosides) by applying the 
GenoTyp MTBDRsl hybridization instruments. 

The medical records of 102 adult patients serv-
ing as the sources of infection were analyzed retro-
spectively to study the drug resistance profile of the 
MBTin the multidrug-resistant tuberculosis focies. 
The patients had undergone treatment for tubercu-
losis at the relevant health care settings of Lviv re-
gion. The annual reports of the health care settings in 
Lviv region providing treatment for tuberculosis (33 
on the TB patients made by the Ministry of Health 
of Ukraine”) and the analysis of medical journals of 
drug-resistant tuberculosis kept by the Central Medi-
cal Consultative Board were used for the study.  

Results and discussion.
The study proved that the tuberculosis occurrence 

in the multidrug-resistant TB focies had increased by 

2.7 times (from 7.7 to 20.2 per 1,000 exposed people, 
р <0.01). It should be noted that 23.8% of the children 
under the age of one and 59.6% of the children under 
the age of four wee infected. The patients aged 17 
prevailed among the adolescents (Figure 1). 

The age structure of the adolescents: over half 
(52.5%) of the adolescents in the main group were 17 
years old, 10.3% were aged 15 and 37.2% were aged 16. 

The bacteriological examination of the infected 
exposed children proved that 47.8% of them didn’t 
discharge bacteria and were referred to the group with 
the risk of the multidrug-resistant tuberculosis based 
on the type of the multidrug-resistant TB site. The 
multidrug-resistance in the form of the multidrug-re-
sistant tuberculosis and the pre-extensive drug-resis-
tance (pre-extensive drug resistance – MDR-TB + 
fluoroquinolones) was evident in 35 children (52.2%), 
while the risk of the multidrug-resistant tuberculosis 
was revealed in 32 cases (47.7%). 

At the same time, the multidrug-resistant tuber-
culosis was revealed in the adolescents by 6.7 times 
more often than the risk of the multidrug-resistant 
tuberculosis (87.7% versus 12.8%, р<0.001) as com-
pared to the children. The multidrug-resistant tuber-
culosis was by 1.7 times more often revealed in the 
adolescents (87.7% versus 52.2%, р<0.05, Figure 2). 

Figure 2 shows that the multidrug-resistant tuber-
culosis was by 1.7 times more often diagnosed in the 

Figure 1. The age structure of the examined children 

Figure 2. The results of testing for the drug susceptibility of the MBT(MBT) to antimycobacterial agents among
the children and adolescents of the main group (%).
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Figure 3. The drug resistance profile of MBTstrains (%).

Figure 4. The course of the multidrug-resistant tuberculosis among the population of Ukraine throughout 
the period of 2015-2020 (per 100,000 people). 

Figure 5. The comparative analysis of the drug resistance profile in the children, adolescents and adults (%).

Figure 6. The comparative analysis of the drug resistance rate to the second-line agents developed in the children, 
adolescents and adults serving as the sources of infection (%). 
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adolescents than in the children (р<0.05), while the 
risk of the multidrug-resistant tuberculosis was by 3.7 
times higher for the children than for the adolescents 
(р<0.01). 

The resistance to HR was by 2.7 times higher 
(25% versus 9.1%, p>0.01), resistance to HRE was by 
1.8 times higher (10.0% versus 5.6%, p>0.05) and re-
sistance to HRS was by 3.5 times higher (20.0% ver-
sus 5.6%, p>0.01) among the children as compared to 
the adolescents, while the resistance to HRESZ was 
by 2.7 times less often revealed (5.0% versus 13.6%, 
p>0.01) and resistance to HRES was by 1.6 times less 
often detected (40.0% and 66.1%, p>0.05, Figure 3). 
The resistance to the second-line agents was by 2-3 
times more often detected in the adolescents as com-
pared to the children (Figure 3). 

Most exposed children and adolescents (65.6% 
and 61.5%) were diagnosed with the multidrug-resis-
tant tuberculosis during their visits to General Prac-
titioners. Widespread tuberculosis was revealed both 
in the children (44.7%) and adolescents (59.0%), but 
the moderate and severe forms were by 1.3 times less 
often revealed among the adolescents as compared to 
the children. Over one third of the children from the 
multidrug-resistant tuberculosis focies (35.8%) had 
not been vaccinated in the maternity hospitals and the 
exposed children had not been provided with any pre-
ventative care. 

The analysis of the multidrug-resistant tuberculo-
sis incidence was made among the adult population 
of Lviv region. According to Figure 4, the detection 
rate of the multidrug-resistant tuberculosis among the 
adults of Lviv region decreased by 1.6 times through-
out the period of 2015-2020 (from 19.7 to 12.1 per 
100,000 people). It could be caused by the healthcare 
reform in Ukraine, the reduction of healthcare facil-
ities providing treatment for phthisiological disease 
and the less attention paid by General Practitioners to 
tuberculosis due to the COVID-19 pandemic. 

One should note that the multidrug-resistant tu-
berculosis rate decreased by 1.6 times (19.7% versus 
12.1%, р>0.05) as compared to 2015. At the same 
time, the extensively drug-resistant tuberculosis rate 
increased by 1.6 times. The study of the multidrug-re-
sistant tuberculosis focies showed that the children 
and adolescents were the most often infected by their 
fathers (59.8%). Mothers infected their children and 
adolescents by 3 times less often (20.0%, р<0.01), 
grandfathers and grandmothers served as the infection 
sources even less often (4.0% and 3.0% correspond-
ingly). It should be noted that the children and adoles-
cents were more often in the regular other than inter-
mittent contacts with their family members (88.1%).

47.0% of the infected adults serving as the sourc-
es of the infection were diagnosed with the multi-
drug-resistant tuberculosis for the first time. In some 
cases the extensively drug-resistant tuberculosis was 
revealed during the recurrence (33.3%) and after the 
ineffective treatment (34.8%). 

Figure 8 gives the gender based analysis of pa-
tients with the pulmonary MDR TB who served as 
the sources of the infection.  The men prevailed in 
the group selected for the examination by 3.8 times 
(79.1% versus 20.9%). Most infected women (56.7%) 
were the age of 20-29. The amount of infected wom-
en at the age of 30 and more was by 8 times less (up to 
6.6%). At the same time, men more often got infected 
at the age of 30 and more (93.1%, p<0.001), the high-
est infection rate was revealed in the men at the age 
of 30-39 (52.7%).

The social analysis of the patients with the pul-
monary MDR TB revealed the substantial amount of 
unemployed people (74.5%) and released prisoners 
(13.7%) (Figure 5). 

The analysis of the drug resistance profile of the 
MBT in the multidrug-resistant infection focies re-
vealed almost complete coincidence of the drug resis-
tance profile developed in the children and the sourc-
es of infection. Adolescents developed resistance to 
HRSE (66.1%) and HRESZ (13.6%) more often than 
adults and children (Figure 6). 

The analysis of the drug resistance rate to the sec-
ond-line agents showed that in most cases the resistance 
to kanamycin and capreomycin (Km – 15.05% and Cm 
– 10.0%) was revealed in the children (Figure 6).

Consequently, our study proves the importance 
of defining the drug resistance profile in the exposed 
children from the multidrug-resistant tuberculosis fo-
cies for providing them with the most effective anti-
mycobacterial therapy and further preventative care. 
The importance of the study is also confirmed by dif-
ferent research conducted by the national and foreign 
scientists [1−4]. 

Conclusions.
3.8% of all the infected children from the multi-

drug-resistant tuberculosis focies were under the age 
of 1 and 59.6% of the children were under the age of 
4. Patients aged 17 prevailed among the adolescents. 

The exposed children developed resistance to 
HRS, HR and HRE more often than the infected ado-
lescents (by 3.5, 2.7 and 1.8 times correspondingly), 
while resistance to HRESZ and HRES was by 2.7 and 
1.6 times (correspondingly) less often revealed. The 
resistance to HRSE (66.1%) and HRESZ (13.6%) 
was the most often revealed in the adolescents than in 
the sources of infection and children.
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Most exposed children and adolescents were 
diagnosed with the multidrug-resistant tuberculo-
sis (65.6% and 61.55) during their visits to General 
Practitioners. At the same time, the widespread tu-
berculosis was revealed both in the children (44.7%) 
and adolescents (59.0%). Over one third of the chil-
dren from the multidrug-resistant tuberculosis focies 
(35.8%) had not been vaccinated in the maternity 
hospitals and the exposed children had not been pro-
vided with any preventative care.

In most cases fathers served as the sources of the 
infection in the multidrug-resistant tuberculosis focies 
in 59.8% cases, mothers infected their children and ad-
olescents by 3 times less often (20%, р<0.01), grandfa-
thers and grandmothers served as the sources of infec-
tion even less often (4.0% and 3.0% correspondingly). 
In most cases, the children and adolescents were in 
the regular other than intermittent contacts with their 
family members (88.1% versus 11.9%). 

The drug resistance profile of the MBT in the mul-
tidrug-resistant tuberculosis focies almost completely 
coincided in the children and the sources of infection. 
Nevertheless, the adolescents developed resistance to 
HRSE (66.1%) and HRESZ (13.6%) more often than 
the adults and children.
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