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Abstract

Introduction: Approximately 3% of all pediatric TB cases develop MDR-TB, with only 3—4% of such children receiving MDR-TB treatment.
In Tajikistan, children as a proportion of all DR-TB in the country increased from 4.3 to 7.5% during 2013-2018. Despite limited evidence on
the use of new anti-TB drugs in children, WHO has updated its guidelines for DR-TB treatment for children, and Tajikistan did so in 2013 and
2017. Novel and adapted regimens included individual regimens for RR/MDR, XDR (with and without Bedaquiline and Delamanid) and short
treatment regimens with and without injectables. It is important to document the outcomes of the treatment regimens. Therefore, the aim of this
study was to describe characteristics of children receiving different treatment regimens for DR-TB, the culture conversion and treatment
outcomes.

Methodology: Cohort study of children enrolled in DR-TB treatment by the National Tuberculosis Program in Dushanbe, Tajikistan, January
2013 to July 2019.

Results: The study included 60 DR-TB children. The male to female ratio was 1:2 and mean age 13.6 years. Median time to culture conversion
was 66 days [IQR:31-103; Range:2-232]. In children with treatment outcomes (N = 58), 93% had favorable outcomes. There were four children
(7%) with unfavorable treatment outcomes, all of whom were female 15-17 years, on standard (RR/MDR) treatment during 2013-2015.
Favorable outcomes by DR-TB type were 91%, 90%, and 100% in RR/MDR, PreXDR, and XDR-TB patients, respectively.

Conclusions: All children enrolled after the introduction of modified guidelines for novel and adapted regimens for DR-TB showed positive

TB treatment outcomes.

Key words: Bedaquiline; Delamanid individual regimen; short regimen; treatment outcome; SORT-IT.

J Infect Dev Ctries 2021; 15(9.1):7S-16S. doi:10.3855/jidc.14798

(Received 29 January 2021 — Accepted 28 May 2021)

Copyright © 2021 Pirmahmadzoda et al. This is an open-access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction

TB in children is global public health concern, with
one million children (< 15 years) becoming ill with TB
every year [1]. In 2018, children accounted for 11% of
all global TB cases and 14% of all HIV-negative deaths
from TB [1]. Approximately 3% of all pediatric TB
cases develop multi-drug resistant tuberculosis (MDR-
TB, resistant to at least isoniazid and rifampicin), with
only 3-4% of such children receiving MDR-TB
treatment. Approximately 21% of children who develop
MDR-TB will die annually [2].

The highest proportions of TB cases with MDR-TB
(> 50% in previously treated cases) occur in countries
of the former Soviet Union. The Central Asian
Republics (Uzbekistan, Tajikistan, and Kyrgyzstan)
exhibit MDR-TB rates between 22-27% for new and
45-63% for previously treated cases [3]. In Tajikistan,

MDR-TB is one of the most prominent public health
issues, with WHO defining the country as one of the 30
high MDR-TB burden countries in the world. In 2017,
a drug resistance survey conducted in Tajikistan found
that 20% of new cases and 40% of previously treated
cases had MDR-TB [1,4].

In 2018, children (< 15 years) represented 6% of all
TB cases in Tajikistan [4]. In the capital city, Dushanbe,
between 2009 and 2013, 12% of all notified TB cases
were in children [5]. DR-TB in children as a proportion
of all DR-TB in the country has gradually increased
from 4.3% to 7.5% between 2013 and 2018 [4,6].

The effective treatment of TB, including drug
resistant (DR)-TB, in children remain obstacles to
improving service delivery for this group [7]. The
treatment of DR-TB in children exposes them to risk of
adverse events over a period of up to two years, and can
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involve the administration of a daily injection, which
can cause both physical pain and psychosocial
consequences for the child [8]. However, new drugs and
regimens for DR-TB have become available in recent
years. Evidence of more successful treatment outcomes
in children, thought to be linked to paucibacillary in
pediatric TB, has raised the potential for shorter, less
intensive treatment regimens for this group [9,10].
Literature, including a systematic review and a case
series report, showed a positive trend in culture
conversion and safety of bedaquiline and delamanid
usage among DR-TB children population [11-15]. As a
result of such developments, WHO has updated its
guidelines for MDR-TB treatment for adults [16,17], as
well as for children [18].

In Tajikistan, Médecins Sans Fronti¢res (MSF) and
the Ministry of Health and Social Protection of
Population (MoHSPP) started a formal collaboration in
2013 to increase the detection and treatment of TB in
children, which resulted in changes to the DR-TB
treatment regimens, including the addition of short
treatment regimens and one without injectables. These
changes of treatment regimens in Dushanbe were
gradually scaled up to nearby regions of Tajikistan
[19,20]. After significant investments in the
improvement of treatment for RR-MDR and XDR-TB
in children in Dushanbe, it is important to document and
assess the outcomes of the implemented treatment
regimens. Therefore, the aim of this study was to
describe characteristics of children receiving different
treatment regimens for RR/MDR-TB and XDR-TB,
culture conversion and their treatment outcomes by
DR-TB type and treatment regimen in Dushanbe,
Tajikistan, from 2013 to 2019.

Methodology
Study design

This is cohort study of children with
bacteriologically confirmed or clinically diagnosed
DR-TB enrolled in TB treatment and treated with
different regimens by the NTP in Dushanbe, Tajikistan,
between January 2013 and July 2019.

Study setting

General setting
The population of Tajikistan is 9.1 million, with

approximately 3.7 million children and adolescents, and
with 73% living in rural areas. The city of Dushanbe is
the capital with a population of 1 million people [21].
The World Bank defines Tajikistan as a lower-middle
income country; the GDP per capita in 2018 was
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USD$826. While poverty rates were 29.5% in 2017,
these were projected to fall to 25% by 2019 [22].

Specific setting
The Ministry of Health and Social Protection of

Population (MoHSPP) is responsible for TB control in
Tajikistan and established the National Tuberculosis
Programme (NTP) in 2002. The NTP’s central unit, the
Republican Centre for Protection of Population from
Tuberculosis (RCPPTB), is responsible for planning,
implementation, monitoring and evaluation of the TB
program interventions. TB preventive, diagnostic and
treatment services are provided by specialized TB and
primary health care (PHC) facilities. The NTP is in
charge of the National Centre of Pulmonary Diseases,
TB and thoracic surgery, four regional TB hospitals,
one Children's TB Hospital and 28 district TB hospitals,
with a total 1,500 beds, as well as 75 TB ambulatory
centres. After the diagnosis of TB is bacteriologically
confirmed or clinically diagnosed, the TB treatment
regimen is prescribed by one of four Conciliums that
operate in the country. Both bacteriological
confirmation and clinical diagnosis follow the WHO
guidance on management of tuberculosis in children
[23]. Patients are either initiated on ambulatory
treatment at TB centers or are admitted to the TB
hospital for in-patient care. Treatment follow up at out-
patient stage is administered at PHC facilities.

The diagnosis and treatment of RR/MDR -TB was
introduced in 2009 as a pilot project: this was
implemented in Dushanbe with gradually increasing
coverage of all regions of Tajikistan by 2014. TB
patients received standardized treatment regimens in
accordance with the National TB guidelines [24], which
specify the interventions for both TB diagnosis and
treatment, and are based on the Global WHO guidelines
[25,26]. The criteria for hospitalizing patients depends
on clinical assessment, bacteriological results or social
status. At the end of 2013, GeneXpert was introduced
to diagnose RR/MDR-TB at the Dushanbe Children's
TB Hospital. In 2013, MSF also helped to establish the
procedure of induced sputum specimen collection in the
Children’s TB Hospital [27]. Sputum culture and smear
microscopy are being implemented on a monthly basis
during the course of the treatment. Culture conversion
is defined as two consecutive negative cultures,
collected with at least 30 days interval [24]. The TB
laboratory network in the country includes the National
Reference Laboratory (NRL), 5 regional laboratories,
and 76 district laboratories. The NRL provides a full
spectrum of bacteriological and genotype testing
including drug sensitivity tests to Bedaquiline (BDQ),
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Delamanid (DLM), Clofazamine (CFZ) and Linezolid
(LZD). The pathological material is sown on a dense
medium of Levenshtein-Jensen, and liquid media of the
automated Bactec MGIT-960 system. According to the
national diagnostic algorithm, Xpert MTB/RIF has
been assigned as an initial diagnostic test for TB.

The first edition of The Guidelines for the
Diagnosis and Treatment of TB in Children of the
Republic of Tajikistan was published in 2011 [28] and
reflected the 2010 Rapid advice - Treatment of TB in
children [27]. The second revised edition of the
Guidelines for the Diagnosis and Treatment of TB in
Children of the Republic of Tajikistan in 2013 included
among other recommendations, the addition of practical
and detailed dosing of all TB medications in children by
weight [28]. The third revised edition of The Guidelines
for the Diagnosis and Treatment of TB in Children of
the Republic of Tajikistan was developed by MSF and
adopted by MoHSPP in 2017 [24].

The treatment regimens available in different
periods in Dushanbe for the study period are
summarized in Figure 1. Between January 2013 and
July 2015, a standard regimen (SR) was utilized for
rifampicin resistant (RR)/MDR-TB and individual
regimens (IR) for RR/MDR-TB, Poly-DRTB and
extensive drug resistant (XDR)-TB. In April 2015, the
RCPPTB approved the addition of BDQ and DLM in
the IR for XDR-TB treatment. From December 2016, a
short treatment regimen (STR) with injectable drugs for
treating RR/MDR-TB was implemented and became
available in addition to the existing IR (Table 1, Figure
1). In 2019, STR without injectable drugs became
available.

According to the national guidelines, the duration
of the intensive phase for IR for RR/MDR is 6-9 months
and 12-15 months for the continuation phase. The
duration of intensive phase for IR for XDR TB is eight
months and 12-14 months for continuation phase. The
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duration of intensive phase for short RR/MDR
treatment 1s 4-6 months, and five months for
continuation phase (Table 1). [24] In addition, the
duration of treatment can be modified based on the
Concilium’s decision. A patient is moved from
intensive phase to continuation phase based on the
smear conversion and at least one negative culture
examination at the end of the intensive phase; otherwise
the duration of intensive phase is prolonged for another
six months [24]. Treatment response is assessed
through the regular clinical examination (including
measurement of BMI), laboratory examination
(monthly examination of smear microscopy and sputum
culture; drug sensitivity test which could be repeated for
drug sensitive patients who do not achieve culture
conversion or failed treatment) and chest X-Ray
(performed each six months).

All household members of patients with TB are
monitored for the period in which the patient’s smear
microscopy and culture are positive. Contacts without
TB symptoms undergo a chest X-ray, tuberculin skin
test and HIV test. Contacts with symptoms undergo
bacteriological examination along with a chest X-ray,
tuberculin skin test and HIV test. In the case of the TB
patient’s death, monitoring is prolonged for one year for
adult contacts and five years for children.

Study population

The inclusion criteria for study enrolment were: 1)
age 0-17 years (at time of TB treatment initiation); ii)
bacteriological confirmed or clinical diagnosed of DR-
TB; iii) enrollment on DR-TB treatment during the
study period; and iv) treatment in the City Centre for
Protection of Population from TB (CCPPTB), the TB
Paediatric Hospital in Dushanbe, or in one of 15 TB city
health centres in Dushanbe. The study period was
between 1 January 2013 and 1 July 2020.

Figure 1. Changes in treatment regimens for drug-resistant tuberculosis in children in Dushanbe, Tajikistan, 2013-2019.
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Data sources and variables

The variables included patients’ demographic (age
at the time of enrolment on DR-TB treatment), sex,
laboratory (sputum smear results and DR type) and
clinical (study site, history of previous TB treatment,
history of treatment with second line drugs, previous
contact with DR-TB patient, type of TB and coinfection
with HIV) characteristics, as well variables regarding
the TB treatment regimens and treatment outcome. The
drug susceptibility tests (DST) for Streptomycin (S),
Ofloxacin (Ofx) and Capreomycin (Cm) were available
until 2017, DST for Pyrazinamide (Pza) was available
only for culture which growth in Mycobacteria growth
indicator tube (MGIT). DST was available for
Levofloxacin (Lfx), Moxifloxacin (MfX),
Prothionamide (Pto) from 2017, for Bedaquiline (Bdq),
Livezolid (Lzd) from 2018, for Delamanid (Del) and
Clofazamine (Cfz) from 2019. Therefore, we did not
include results of DST for Mfx, Pto, Bdq, Lzd, Del in
this study.

Data Collection and analysis

Data were collected in 2020 using a data extraction
form in Excel from the NTP openMRS database. For
missing data, paper-based medical cards and
registration journals were used to assure the
completeness of the data collected. To ensure accuracy,
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openMRS data were compared against the additional
data sources mentioned above for quality assurance.
Analysis was undertaken in Microsoft Excel.

Ethics

The study protocol was reviewed and approved by
the Tajikistan Institutional Review Board/Committee
on Human Research, the Tajikistan Academy of
Medical Sciences, and the Union Ethics Advisory
Group of the International Union against TB and Lung
Disease, Paris, France.

Results

Between 1 July 2013 and 31 July 2019 in Dushanbe,
60 DR-TB children were enrolled for treatment in the
national TB program. In the study sample, the male to
female ratio was 1:2 and the mean age was 13.6 years.
For nine (15%) children, diagnosis of TB was based on
clinical assessment. The majority of children were new
cases (83%) and diagnosed with pulmonary TB (78%)
by bacteriological confirmation (85%). All pulmonary
TB cases underwent sputum smear examination. The
sputum smear examination results were positive for the
half of the children with pulmonary TB (26/47, 53%).
For the majority of children (25/26, 96%) culture
conversion was recorded during the course of the
treatment. The median time to culture conversion was

Table 1. Treatment regimens and durations for children with drug-resistant tuberculosis enrolled in the national treatment program from 2013

onwards in Dushanbe, Tajikistan.

Regimen Indication Duration Medications used Mode Reglmen

(months) available
Standard

Capreomycin/Amikacin, Levofloxacin, Protionamide . .
SR . . > o . y Includes  Prior to April
(RR/MDR) RR/MDR 20-24 Cycloserine, Para-amino Sa}l;yllc Acid, Pyrazinamide, other Injectables 2015
sensitive FLD
Individual
Capreomycin/Amikacin, Levofloxacin/Moxifloxacin,
EER/MDR) RR/MDR 20-24 Protionamide, Cycloserine, Para-amino Salicylic Acid, Iip:clgiiis Jaziﬁrigw
Linezolid, Clofazimine (minimum of four sensitive SLD) J
IR . — . . .
(XDR without Capreomy01n/Am1k301p, Levoﬂoxau.:m/Mo')uﬂgxamp, Includes  January 2013
- XDR 20-36 Protionamide, Cycloserine, Para-amino Salicylic Acid, .
Bedaquiline and . . T . - Injectables onwards
. Linezolid, Clofazimine (minimum of four sensitive SLD)

Delamanid)
IR Capreomycin/Amikacin, Levofloxacin/Moxifloxacin,
(XDR with XDR 20-36 Protionamide, Cycloserine, Para-amino Salicylic Acid, Includes  January 2015
Bedaquiline and Linezolid, Clofazimine, Bedaquiline, Delamanid (minimum of  Injectables onwards
Delamanid) four sensitive SLD)
Short
STR . . - . . . . December
(RR/MDR with RR/MDR 9-12 Moxifloxacin, Clofa21mlqe, Prptlonamlde, Is01.11a21d (ng.h Ipcludes 2016
g Dose), Ethambutol, Pyrazinamide, Capreomycin/Amikacin Injectables
injectables) onwards
STR . . . . . . . December
(RR/MDR without RR/MDR 9-12 Moxifloxacin, Clofanmlnez Prot.lonan'nde, Igomaz1d (H¥gh o Non 2016
S Dose), Ethambutol, Pyrazinamide, Linezolid/Delamanid injectables
injectables) onwards

SR: standard regimen; RR: rifampicin resistant; MDR: multi-drug resistant; FLD: first-line drugs; IR: individual regimen; SLD: second-line drugs; XDR:

extensively drug resistant; STR: short treatment regimen.
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66 days [IQR: 31-103; Range: 2-232]. One (1.6%) child
had a HIV co-infection and was enrolled on anti-
retroviral therapy (Table 2).

Results of drug susceptibility tests were obtained
for 43 new and 7 treated cases and presented in Table
3.

As of 01 July 2020, two children (3%) are still on
treatment, and therefore, did not report treatment
outcomes. They initiated treatment in May 2019 and
were administered on IR RR/MDR treatment regimen.
Of those children for whom treatment outcomes were
available (N = 58), 93% had favorable outcomes.

The majority of patients were on standard RR/MDR
treatment regimen (55%, 32/58), seven (12%) were on
RR/MDR individual regimen, one (2%) was on XDR
without BDQ and DLM individual treatment regimen,
eleven (19%) on XDR with BDQ and DLM individual
regimen, four (7%) on RR/MDR short treatment

Table 2. Sociodemographic and clinical characteristic of for
children with drug-resistant tuberculosis enrolled in the national
treatment program during the period of January 2013 — July 2019
in Dushanbe, Tajikistan.

N
Total N=60
Sociodemographic characteristics
Age (years)
0-4 3(5.0)
5-14 23 (38.3)
15-17 34 (56.7)
Gender
Male 20 (33.3)
Female 40 (66.7)
Clinical characteristics
History of TB treatment
New case 50 (83.4)
Treated with FLD 8(13.3)
Treated with SLD 2 (3.3)
Localization of DR-TB
Pulmonary TB 47 (78.3)
Extrapulmonary TB 13 (21.7)
TB confirmation
Bacteriological 51 (85.0)
Clinical' 9 (15.0)
Sputum test result?
Positive 26 (53.3)
Negative 21 (44.7)
Culture conversion®
Yes 25(96.2)
No 1(3.8)
Result of HIV test
Positive 1(1.6)
Negative 59 (98.3)

TB: tuberculosis; FLD: first line TB drugs; SLD = second line TB drugs;
DR-TB: drug-resistant tuberculosis; HIV: human immunodeficiency
virus; ART: antiretroviral therapy. 'Clinical diagnosis follow the WHO
guidance on management of tuberculosis in children; >Sputum test results
for patients with pulmonary tuberculosis (N = 47); 3Culture conversion
for patients with positive sputum test with pulmonary tuberculosis (N =
26).
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regimens with injectables, and three (5%) on RR/MDR
short treatment regimens without injectables.

Favorable outcomes were recorded among 54
children (93%), representing 100% of children enrolled
after the introduction of novel and adapted treatment
regimens. All unfavorable treatment outcomes were
found in four children (7%), all of whom were female,
aged 15-17 years and on the standard (RR/MDR)
treatment regimen. Two died, one was lost to follow up
and one had treatment failure (Table 4). This group was
composed of three RR/MDR and one PreXDR case.
Among bacteriologically confirmed drug resistant
children, 68% had RR/MDR, 20% had PreXDR and
12% had XDR form of TB. Favorable treatment
outcomes were registered in 91%, 90% and 100% of
RR/MDR, PreXDR and XDR TB patients, respectively
(Table 5).

Discussion

We found that the newly introduced regimens for
DR-TB in children were feasible in a programmatic
setting and showed positive treatment outcomes for
children enrolled in all treatment regimens introduced
after April 2015. The implementation of this program
shows encouraging results for countries aiming to
uptake the call to support the use of new and repurposed
drugs for children based on emerging practice
recommendations related to build out a treatment
program for MDR-TB in children [29,30].

Results for specific regimens are comparable to
those in the literature. For example, a study in Tajikistan
with a small sample size (N = 8) found 75% favourable
outcomes in children with XDR-TB with IR without
BDQ and DLM. [31] Evidence exists in several case
studies on the use of IR with BDQ and DLM [11-13].
Additionally, an observational study found good
treatment responses and no cessation attributable to
adverse effects in a 27 child cohort with MDR-TB in
South Africa, Tajikistan, Uzbekistan and, and Belarus.
[14] A meta-analysis of treatment and outcomes in
children with MDR-TB found that a regimen of second-
line injectable agents and high-dose isoniazid were
associated with treatment success in children with
confirmed MDR-TB [32]. Additional literature,
including meta-analyses and observational studies,
found a range of favourable treatment outcomes (77-
90%) among children with DR-TB, including XDR-TB,
but did not sufficiently specify which treatment
regimens were applied [33-35].
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Table 3. Resistance profile for children with drug-resistant tuberculosis enrolled in the national treatment program during the period of January
2013 — July 2019 in Dushanbe, Tajikistan.

New cases Treated cases

N (%) N (%)
Any resistance (first line drugs)
Isoniazid (H) 42 (93.3) 5 (83.0)
Rifampicin (R) 50 (98.0) 7 (100.0)
Ethambutol (E 31 (77.5) 4 (80.0)
Pyrazinamide (Z) 8 (80.0) 1 (100.0)
Streptomycine (S) 26 (89.7) 2 (100.0)
Any resistance (second line drugs)
Kanamycin (Km) 14 (41.2) 1 (50.0)
Amikacin (Am) 7 (26.9) 1 (33.3)
Capreomycin (Cm) (28.2) 1 (33.3)
Levotfloxacin (Lfx) 13 (40.6) 1 (33.3)
Moxifloxacin (Mfx) 6 (66.7) 1 (50.0)
Prothionamide (Pto) 6 (30.0) 1 (100.0)
R/MDR patterns
R-resistance 8 (18.6) 2 (28.6)
H+R 6 (14.0) 1 (14.2)
H+R+S 4 9.3) - -
H+R+E 7 (16.3) 2 (28.6)
H+R+E+S 18 (41.9) 2 (28.6)
Pre-XDR and XDR among R/MDR
Pre-XDR 11 (25.6) 1 (14.2)
XDR 8 (18.6)

R/MDR: rifampicin/multidrug-resistant; XDR: extensively drug-resistant.

Table 4. Treatment outcomes by regimen in children with drug-resistant tuberculosis enrolled January 2013 — July 2019 in Dushanbe,

Tajikistan.
Standard - . .
. Individual Regimen Short-Treatment Regimen
Regimen
(XDR without (XDR with
Total (RRMDR)  (RR/MDR)  Bedaquiline  Bedaguiline (RR/MDR with (%ﬂR
and and injectables) injectables)
Delamanid) Delamanid)
(N =58) (N=32) N=7) N=1) (N=11) N=4) N=3)
N (%) N (%) N (%) N (%) n (%) n (%) n (%)
Favourable outcome 54 (93) 28 (88) 7 (100) 1 (100) 11 (100) 4 (100) 3 (100)
Cured 39 (67) 24 (75) 6 (86) 1 (100) 7 (64) 2 (50) 0 0)
Treatment completed 15  (26) 4 (13) 1 (14) 0 0) 4 (36) 2 (50) 3 (100)
Unfavourable
outcome 4 (@) 4 (13) 0 (V) 0 ) 0 0) 0 0 0 0)
Treatment failure 1 2) 1 3) 0 (0) 0 0) 0 0) 0 0) 0 0)
Lost to _follow-up’ 1 2) 1 3) 0 0) 0 0) 0 ) 0 ) 0 )
Died 2 3) 2 (6) 0 (0) 0 0) 0 0) 0 0) 0 0)

RR/MDR: rifampicin-resistant/multidrug-resistant tuberculosis; XDR: extensively drug-resistant tuberculosis. ' Defined as TB patients who did not start
treatment or whose treatment was interrupted for >2 consecutive months according to WHO definition.

Table 5. Treatment outcomes by tuberculosis diagnosis in children enrolled January 2013 — July 2019 in Dushanbe, Tajikistan.

Total Diagnosis
RR/MDR PreXDR XDR Clinical
(N =58) (N=35) (N=10) N=5) N=98)
n (%) n (%) n (%) n (%) n (%)
Favourable outcome 54 (93) 32 1) 9 90) 5 (100) 8 (100)
Cured 40 (69) 27 77) 8 (80) 5 (100) 0 0)
Treatment completed 14 (24) 5 (14) 1 (10) 0 (0) 8 (100)
Unfavourable outcome 4 (@) 3 (&) 1 (10) 0 0) 0 0)
Treatment failure 1 2) 1 3) 0 (0) 0 (0) 0 (0)
Lost to follow-up! 1 2) 1 3) 0 0) 0 (0) 0 0)
Died 2 3) 1 3) 1 (10) 0 (0) 0 (0)

RR/MDR: rifampicin-resistance/multidrug-resistant tuberculosis; PreXDR: pre-extensively resistant tuberculosis; XDR: extensively drug-resistant tuberculosis.
! Defined as TB patients who did not start treatment or whose treatment was interrupted for >2 consecutive months according to WHO definition.
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In TB patients globally, the male to female ratio
among children (aged < 15 years) is close to 1, and
among all age groups in WHO European and Western
Pacific region, roughly 2:1 [1]. Other regions show an
equal gender ratio in child TB populations, with an
increasing ratio favoring of males after puberty. [36,37]
In contrast, in our study, the male to female ratio was
1:2. A study conducted in Pakistan reported female
dominance in gender ratios among new-smear positive
TB patients [38]. While this study was conducted
among adult TB populations, they discussed cultural
factors such as gender norms surrounding care taking
and access to health care. In Tajikistan, gender norms
exist around girls remaining at home, taking care of ill
family members and boys spending more time outside
the household, which may explain our results [38].

Our results showed a high prevalence of pulmonary
TB (78%), which contrasts with a study that found 63%
of notifiable childhood TB cases had extrapulmonary
TB in Tajikistan. [39] However, other studies
undertaken in Tajikistan among both children and adult
populations have found higher proportion of pulmonary
TB (84%). [39] The high proportion of pulmonary TB
among children in our sample could be explained by the
country’s population pyramid, which reflects a high
proportion of children, [40] and children’s increased
exposure to adult household members with pulmonary
TB due to social factors, such as overcrowding [39]. We
found a high rate of culture conversion (96%) among
patients with positive results, which is in line with other
studies [41,42].

The current study was the first descriptive report
evaluating treatment outcomes of all registered DR-TB
children with respect to their treatment regimens and
drug resistance profile in Dushanbe, Tajikistan.
Another strength of the study was its long study period.
However, there remain a few limitations to this
research. The small study population limited our ability
to assess the associations between treatment outcomes
and regimens, as well as drug resistance profile. The
study included only registered patients, thus there is a
potential underrepresentation of children who did not
access services. In addition, the use of programmatic
data could have resulted in lower data quality. In
addition, the data did include information on adverse
events, which is an important attribute. Another
limitation is that our findings are generalizable to
Dushanbe only. Additional programmatic supports
offered in Dushanbe may influence treatment
outcomes, such as the availability of sputum smear
induction, as well as robust social and psychological
support for patients.

J Infect Dev Ctries 2021; 15(9.1):7S-16S.

Our results have implications for practice and future
research. In the absence of clinical trial data, this study
contributes to the evidence base of observational
studies in program settings on which evolving guidance
for drug regimens for children with DR-TB are based.
While such evidence cannot replace that of clinical
trials, this research outlines a detailed description of
drug regimens applied and related treatment outcomes.
Study findings could point to need for improvement of
case-detection guidelines and targeted behavioral
interventions to reduce the burden of DR-TB in female
children in the country.

We found high level of resistance to three or more
drugs among new cases of children with R/MDR-TB,
indicating a need for strengthening the preventive
measures at the foci of infection. Scale up of the
country’s Xpert MTB/RIF testing capacity may help to
improve treatment outcomes as well as limit
transmission of resistant strains.

Recommendations for future research include
expanding the study population to the country-level in
Tajikistan as well as collaborating with TB programs in
the region to form regional cohort studies. Both
approaches would allow for more generalizable
evidence and for larger sample sizes to support
statistical testing. In addition, future research could
allow for the inclusion of data on adverse events in the
application of drug regimens. Finally, future research
on treatment and associated outcomes for DR-TB in
children should include sufficient information on the
treatment regimens applied to allow for comparability
of results.

Conclusions

This study presents the treatment regimens and
outcomes for children enrolled for DR-TB treatment in
Dushanbe, Tajikistan, over a period in which the
national program introduced modified guidelines
reflecting the global recommendations. The results
revealed that all children enrolled in treatment
following the introduction of the modified guidelines
had positive TB treatment outcomes and suggests that
continuation of application of such guidelines may be
appropriate in this and similar settings.

Acknowledgements

This research was conducted through the Structured
Operational Research and Training Initiative (SORT IT), a
global  partnership  coordinated by TDR  (the
UNICEF/UNDP/World Bank/WHO Special Programme for
Research and Training in Tropical Diseases). The specific
SORT IT programme that led to these publications included

13S



Pirmahmadzoda et al. — Treatment regimens for DR-TB children in Dushanbe

a partnership between TDR and the European Tuberculosis
Research Initiative (ERI-TB) at the WHO Regional Office
for Europe, and was implemented by: the Tuberculosis
Research and Prevention Center, Armenia; The Alliance for
Public Health, Ukraine; The Centre for Operational
Research, The Union, France; the Operational Research Unit
(LuxOR), Médecins Sans Frontiéres, Brussels Operational
Centre, Luxembourg; Sustainable Health Systems Sierra
Leone; and TDR. The authors thank National Tuberculosis
Program of Tajikistan for support in implementation of the
study.

Funding

TDR and partners are able to conduct their work thanks to the
commitment and support of a variety of funders. These
include long-term core contributors from national
governments and international institutions, as well as
designated funding for specific projects within current
priorities. A full list of TDR donors is available on our
website at: https:// www.who.int/tdr/about/funding/en/. This
SORT IT programme was funded by the United States
Agency for International Development (USAID) and
supported by implementing partners. Funders had no role in
the study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Authors’ Contributions

BP is a study principal investigator, together with KH, EG
and RG conceptualized study aims and methodologies. OS
and ZT was involved in the data collection and data entry.
KH, KA, BP, and ZT carried out the data analysis. KH, KA,
BP and ZT drafted the manuscript. ShH provided comments
and suggestions throughout the development of methods,
data collection and summarizing the results. KH, KA, BP and
ZT finalized the manuscript.

J Infect Dev Ctries 2021; 15(9.1):7S-16S.

References

1.

10.

11.

12.

World Health Organization (2019) Global Tuberculosis Report
2019. Geneva. Available:
https://www.who.int/tb/publications/global report/en/.
Accessed 19 January 2020.

Jenkins HE, Yuen CM (2018) The burden of multidrug-
resistant tuberculosis in children. Int J Tuberc Lung Dis 22:
S3-S6.

Harausz EP, Garcia-Prats AJ, Law S, Schaaf HS, Kredo T,
Seddon JA, Menzies D, Turkova A, Achar J, Amanullah F,
Barry P, Becerra M, Chan ED, Chan PC, loana Chiotan D,
Crossa A, Drobac PC, Fairlie L, Falzon D, Flood J, Gegia M,
Hicks RM, Isaakidis P, Kadri SM, Kampmann B, Madhi SA,
Marais E, Mariandyshev A, Méndez-Echevarria A, Moore BK,
Nargiza P, Ozere 1, Padayatchi N, Ur-Rehman S, Rybak N,
Santiago-Garcia B, Shah NS, Sharma S, Shim TS, Skrahina A,
Soriano-Arandes A, van den Boom M, van der Werf MJ, van
der Werf TS, Williams B, Yablokova E, Yim JJ, Furin J,
Hesseling AC (2018) Treatment and outcomes in children with
multidrug-resistant tuberculosis: A systematic review and
individual patient data meta-analysis. PLoS Med.

Republican Centre for Protection of Population from TB
(2019) Annual Statistical Report of The Republican Centre for
Protection of Population from TB. Tajikistan.

Pirov K, Sirojiddinova U, Bobokhojaev O, Zachariah R,
Lucenko I, Mirzoev A, Suleimenov S, Dustmatova Z, Rajabov
A, van den Boom M, Acosta C (2016) Childhood tuberculosis
in Dushanbe, Tajikistan. Public Heal Panor 2: 89-95.
Available:

http://www.euro.who.int/ _data/assets/pdf file/0020/304472/
9-Childood-TB-Dushanbe-Tajikistan.pdf?ua=1. Accessed:
Accessed 19 January 2020.

Food and Agriculture Organization of the United Nations
(2018) Country profile-Tajikistan. Rome. 21 p. Available:
http://www.fao.org/3/ca0369en/CA0369EN.pdf. Accessed 19
January 2020.

Graham SM, Sekadde MP (2019) Case detection and diagnosis
of tuberculosis in primary-care settings. Paediatr Int Child
Health 39: 84-87.

Furin J, Mafukidze A, Brigden G, Du Cros P, Golin R, Harausz
E, Seddon JA, Ustero P, Garcia-Prats AJ (2015) A bitter pill to
swallow: the need for better medications for drug-resistant
tuberculosis in children. Int J Tuberc Lung Dis 19: 55-60.
Harausz E, Garcia-Prats A, Schaaf HS, Hesseling AC, Furin J,
Menzies R, Law S, Seddon J (2015) Abstract Book 46th World
Conference on Lung Health of the International Union Against
Tuberculosis and Lung disease (The Union). Available:
http://capetown.worldlunghealth.org/Abstract Book 2015-
Web.pdf. Accessed 19 January 2020.

Schaaf HS, Garcia-Prats AJ, McKenna L, Seddon JA (2018)
Challenges of using new and repurposed drugs for the
treatment of multidrug-resistant tuberculosis in children.
Expert Rev Clin Pharmacol 11: 233-244.

Esposito S, D’Ambrosio L, Tadolini M, Schaaf HS, Luna JC,
Marais B, Centis R, Dara M, Matteelli A, Blasi F, Migliori GB
(2014) ERS/WHO Tuberculosis Consilium assistance with
extensively drug-resistant tuberculosis management in a child:
Case study of compassionate delamanid use. Eur Respir J 44:
811-815.

Esposito S, Bosis S, Tadolini M, Bianchini S, Migliori GB,
Principi N (2016) Efficacy, safety, and tolerability of a 24-
month treatment regimen including delamanid in a child with

14S



Pirmahmadzoda et al. — Treatment regimens for DR-TB children in Dushanbe

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

extensively drug-resistant tuberculosis: A case report and
review of the literature. Medicine (Baltimore) 95: €5347.
Tadolini M, Garcia-Prats AJ, D’Ambrosio L, Hewison C,
Centis R, Schaaf HS, Marais BJ, Ferreira H, Caminero JA,
Jonckheere S, Sinha A, Herboczek K, Khaidarkhanova Z,
Hayrapetyan A, Khachatryan N, Urtkmelidze Ia, Loreti C,
Esposito S, Matteelli A, Furin J, Varaine F, Migliori GB (2016)
Compassionate use of new drugs in children and adolescents
with multidrug-resistant and extensively drug-resistant
tuberculosis: Early experiences and challenges. Eur Respir J
48: 938-943.

Achar J, Hewison C, Cavalheiro AP, Skrahina A, Cajazeiro J,
Nargiza P, Herboczek K, Rajabov AS, Hughes J, Ferlazzo G,
Seddon JA, du Cros P. (2017) Off-label use of bedaquiline in
children and adolescents with multidrug-resistant tuberculosis.
Emerg Infect Dis 23: 1711-1713.

D’Ambrosio L, Centis R, Tiberi S, Tadolini M, Dalcolmo M,
Rendon A, Esposito S, Migliori GB (2017) Delamanid and
bedaquiline to treat multidrug-resistant and extensively drug-
resistant tuberculosis in children: A systematic review. J
Thorac Dis 9: 2093-2101.

World Health Organization (2014) The use of delamanid in the
treatment of multidrug-resistant tuberculosis: Interim policy
guidance. Geneva, Switzerland: World Health Organization.
World Health Organization (2013) The use of bedaquiline in
the treatment of multidrug-resistant tuberculosis: interim
policy guidance. Geneva, Switzerland: World Health
Organization.

World Health Organization (2016) The use of delamanid in the
treatment of multidrug-resistant tuberculosis in children and
adolescents: Interim policy guidance. Geneva, Switzerland:

World Health Organization. Available:
https://apps.who.int/iris’/handle/10665/250614. Accessed 19
January 2020.

Médecins Sans Frontiéres (2018) Paediatric TB Care Report
2018 - Breaking the Cycle: Paediatric DR-TB Detection, Care
& Treatment in Tajikistan. Dushanbe. Available:
https://www.msf.org/sites/msf.org/files/2019-
05/Tajikistan%20Paediatric%20TB%20Report%202019 EN
G.pdf. Accessed 19 January 2020.

Swaminathan A, Du Cros P, Seddon J, Quinnell S,
Bobokhojaev O, Dusmatova Z, Achar J (2016) Treating
children for drug-resistant tuberculosis in Tajikistan with
Group 5 medications. Int J Tuberc Lung Dis 20: 474-478.
Statistical Agency under President of the Republic of
Tajikistan (2019) Demographic Yearbook of the Republic of
Tajikistan. Available:
https://www.stat.tj/en/news/publications/demographic-
yearbook-of-the-republic-of-tajikistan. Accessed 19 January
2020.

The World Bank (2019) Tajikistan Country Economic
Memorandum Auvailable:
https://documents1.worldbank.org/curated/en/2830815609561
98220/pdf/Tajikistan-Country-Economic-Memorandum-
Nurturing-Tajikistan-s-Growth-Potential.pdf. Accessed 12
July 2021.

Ministry of Health and Social Protection of Population of the
Republic of Tajikistan (2014) Guidance for national
tuberculosis programmes on the management of tuberculosis in
children Second edition. Auvailable:
https://apps.who.int/iris/bitstream/handle/10665/112360/9789
241548748 _eng.pdf¥20;jsessionid=663A31C8B6BBSEEDF
7C7E10E090B3FAD?sequence=1 Accessed 22 July 2020.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

J Infect Dev Ctries 2021; 15(9.1):7S-16S.

Ministry of Health and Social Protection of Population of the
Republic of Tajikistan (2017) Diagnosis and treatment of
Tuberculosis in children in Tajikistan, Third reviewed edition.
World Health Organization (2019) WHO consolidated
guidelines on drug-resistant tuberculosis treatment. Geneva:
World Health Organization. Available:
https://apps.who.int/iris/rest/bitstreams/1211676/retrieve.
Accessed 19 January 2020.

World Health Organization (2017) Guidelines for treatment of
drug-susceptible tuberculosis and patient care: 2017 update.
Geneva: World Health Organization.

Ministry of Health Tajikistan, Médecins Sans Frontieres
(MSF) (2013) Improving Paediatric TB Care in Tajikistan.
Available: https://samumsf.org/sites/default/files/2018-
01/Improving_paed TB_care_tajikistan.pdf. Accessed 18 July
2020.

Yusupjanova J, Herboczek K (2013) The Guidance for the
Diagnosis and Treatment of Tuberculosis in Children of the
Republic of Tajikistan Second Updated Edition, November
2013 Dunshabe.

Harausz EP, Garcia-Prats AJ, Seddon JA, Schaaf HS,
Hesseling AC, Achar J, Bernheimer J, Cruz AT, D'Ambrosio
L, Detjen A, Graham SM, Hughes J, Jonckheere S, Marais BJ,
Migliori GB, McKenna L, Skrahina A, Tadolini M, Wilson P,
Furin J (2017) New and repurposed drugs for pediatric
multidrug-resistant tuberculosis practice-based
recommendations. Am J Respir Crit Care Med 195: 1300-
1310.

Huynh J, Marais BJ (2019) Multidrug-resistant tuberculosis
infection and disease in children: a review of new and
repurposed drugs. Ther Adv Infect Dis 6: 204993611986473.
Swaminathan A, Du Cros P, Seddon JA, Quinnell S,
Bobokhojaev OI, Dusmatova Z, Achar J (2016) Treating
children for drug-resistant tuberculosis in Tajikistan with
Group 5 medications. Int J Tuberc Lung Dis 20: 474-478.
Harausz EP, Garcia-Prats AJ, Law S, Schaaf HS, Kredo T,
Seddon JA, Menzies D, Turkova A, Achar J, Amanullah F,
Barry P, Becerra M, Chan ED, Chan PC, loana Chiotan D,
Crossa A, Drobac PC, Fairlie L, Falzon D, Flood J, Gegia M,
Hicks RM, Isaakidis P, Kadri SM, Kampmann B, Madhi SA,
Marais E, Mariandyshev A, Méndez-Echevarria A, Moore BK,
Nargiza P, Ozere I, Padayatchi N, Ur-Rehman S, Rybak N,
Santiago-Garcia B, Shah NS, Sharma S, Shim TS, Skrahina A,
Soriano-Arandes A, van den Boom M, van der Werf MJ, van
der Werf TS, Williams B, Yablokova E, Yim JJ, Furin J,
Hesseling AC (2018) Treatment and outcomes in children with
multidrug-resistant tuberculosis: A systematic review and
individual patient data meta-analysis. PLOS Med 15:
e1002591.

Osman M, Harausz EP, Garcia-Prats AJ, Simon Schaaf H,
Moore BK, Hicks RM, Achar J, Amanullah F, Barry P, Becerra
M, Chiotan DI, Drobac PC, Flood J, Furin J, Gegia M, Isaakidis
P, Mariandyshev A, Ozere I, Shah NS, Skrahina A, Yablokova
E, Seddon JA, Hesseling AC; Collaborative Group for Meta-
Analysis of Paediatric Individual Patient Data in MDR TB
(2019) Treatment Outcomes in Global Systematic Review and
Patient Meta-Analysis of Children with Extensively Drug-
Resistant Tuberculosis. Emerg Infect Dis 25: 441-450.

Gegia M, Jenkins HE, Kalandadze I, Furin J (2013) Outcomes
of children treated for tuberculosis with second-line
medications in Georgia, 2009-2011. Int J Tuberc Lung Dis 17:
624-629.

15S



Pirmahmadzoda et al. — Treatment regimens for DR-TB children in Dushanbe

35.

36.

37.

38.

39.

40.

Smirnova PA, Turkova A, Nikishova EI, Seddon JA, Chappell
E, Zolotaya OA, Mironuk OM, Maryandyshev AO (2016)
Multidrug-resistant tuberculosis in children in northwest
Russia: An observational cohort study. Eur Respir J 48: 1496—
1499.

Stival A, Chiappini E, Montagnani C, Orlandini E, Buzzoni C,
Luisa Galli L, de Martino M (2014) Sexual dimorphism in
tuberculosis incidence: Children cases compared to adult cases
in tuscany from 1997 to 2011. PLoS One 9.

Borgdorff MW, Nagelkerke NJ, Dye C, Nunn P (2000) Gender
and tuberculosis: a comparison of prevalence surveys with
notification data to explore sex differences in case detection.
Int J Tuberc Lung Dis 4: 123—132.

Codlin AJ, Khowaja S, Chen Z, Rahbar MH, Qadeer E, Ara I,
McCormick JB, Fisher-Hoch SP, Khan AJ (2011) Short report:
Gender differences in tuberculosis notification in Pakistan. Am
J Trop Med Hyg 85: 514-517.

Seddon JA, Shingadia D (2014) Epidemiology and disease
burden of tuberculosis in children: A global perspective. Infect
Drug Resist 7: 153-165.

Population of Tajikistan 2020 (2020). Population Pyramids of
the World, Tadjikistan 2020. Available:

J Infect Dev Ctries 2021; 15(9.1):7S-16S.

https://www.populationpyramid.net/tajikistan/2020/.
Accessed 28 July 2020.

41. Laghari M, Sulaiman SAS, Khan AH, Memon N (2019) A
prospective  study  of  socio-demographic,

tuberculosis in Sindh, Pakistan. BMC Infect Dis 19: 1-11.
42. Thomas TA, Shenoi S V., Heysell SK, Eksteen FJ, Sunkari VB,
Friedland G, Shah NS (2010) Extensively drug-resistant
tuberculosis in children with human immunodeficiency virus
in rural South Africa. Int J Tuberc Lung Dis 14: 1244-1251.

Corresponding author

Kristina, Akopyan, MD, MPH

TB Research and Prevention Center NGO, Charents Str. 33, 2412,
Nor Hachn, Armenia

Phone: +37494016339

Email: dr.akopian@gmail.com

Conflict of interests: No conflict of interests is declared.

16S

clinical
characteristics and treatment outcomes of children with



	Introduction
	Methodology
	Study design
	Study setting
	General setting
	Specific setting

	Study population
	Data sources and variables
	Data Collection and analysis
	Ethics

	Results
	Discussion
	Conclusions
	Acknowledgements
	Funding
	Authors’ Contributions
	References
	Corresponding author


