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A B S T R A C T

Background: We aimed to compare and contrast the proportions of treatment outcome between
developing and developed countries in children treated for multidrug resistance tuberculosis (MDR-TB).
Methods: We conducted a systematic review and meta-analysis of articles published on children treated
for MDR-TB. We searched published articles from electronic databases: PubMed/Medline, EMBASE,
Scopus and Web of Science for English articles without restricting publication year. We employed
random-effects meta-analysis model to estimate the pooled proportions of treatment success, death,
treatment failure and lost to follow up.
Results: We pooled data of 1,343 children obtained from 17 included studies, and the overall pooled
treatment success was 77.0% (95% Confidence Interval (CI), 69.0–85.0). Pooled treatment success in
developing countries was 73.0% (63.0–83.0), while in developed countries 87.0% (81.0–94.0). The overall
pooled treatment failure was 3.0% (1.0–6.0), while death 8.0% (4.0–11.0) and lost to follow up 10.0% (6.0–4).
Conclusion: MDR-TB treatment success in children is well achieved in both developed and developing
countries by currently available drugs. Improving MDR-TB treatment programme is vital to achieve the
maximum treatment successful. Promoting research on pediatric MDR-TB treatment outcome could also
help to fill evidence gap.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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Background

Numerous efforts have been done at national and international
levels to control the health impacts of tuberculosis (TB). However,
it is continuing to claim millions of lives each year. A recent
estimation indicates 1.6 million deaths due to tuberculosis (TB) and
10.0 million new cases occurred in 2018 globally (WHO 2019).
Beside this, the occurrence of multidrug resistant TB (MDR-TB) and
extensively drug resistant TB (XDR-TB) bacilli strain is the main
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challenges that are jeopardizing the national and global efforts
done to control TB. Half a million new MDR-TB cases, and a quarter
of million deaths due to MDR-TB occurred across the world in 2018
(WHO 2019).

Evidence indicates that most of MDR-TB cases remain
undetected and untreated, especially in developing countries
because of limited laboratory facilities for drug susceptibility test
(DST) and limited access to second-line drugs (Zignol et al. 2013).
Particularly, diagnosis of pediatric MDR-TB is the most challenging
due to difficulty in obtaining appropriate specimen for culture and
DST which could enable to estimate the exact burden of the disease
in children (Zignol et al. 2013). Although the burden of MDR-TB in
children is believed to be similar to adults in high TB burden
countries, majority of MDR-TB cases among children are undetect-
ed (Zignol et al. 2013; Moore et al. 2015) due to the difficulty
related to its diagnosis. In addition, study reported on data from 35
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countries indicates that age less than 15 years is strongly
associated with MDR-TB infection because of their chance of
acquiring the disease from adult cases in the family member
(Zignol et al. 2013). Moreover, children are at higher risk compared
to adults due to their biological and social vulnerability (Sandgren
et al. 2012).

Although there is limited number of data on pediatric MDR-TB
treatment outcome, according to study reported from South Africa
one in five children are dying during treatment (Moore et al. 2015).
Furthermore, a systematic review and meta-analysis reported by
Ettehad et.al (Ettehad et al. 2012) indicates that the pooled mortality
and lost to follow up proportions are 5.9% and 6.2% respectively. The
pooled treatment success (cured plus completed) is 81.7% (Ettehad
et al. 2012). A systematic review and meta-analysis reported by
Isaakidis et.al (Isaakidis et al. 2015) is also indicated high treatment
success (83.4%) and death (11.4%) but, lower lost to follow up (3.9%)
proportions in comparison with the findings of previous review
(Ettehad et al. 2012). Moreover, a recently published review study
that pooled data on 975 children is indicated 78% of children treated
successfully (Harausz et al. 2018).

Children are the most vulnerable group of a society and the
burden of MDR-TB is similar to adults’ in some settings (Hwang
et al. 2011; Hill & Ota 2010). However, there is limited information
on the treatment outcome status in children treated for MDR-TB
from diversified settings. In addition, the available primary studies’
results show high variability of treatment success and unsuccessful
in children treated for MDR-TB. However, there is no a review study
that attempted to compare treatment outcome in children treated
for MDR-TB in developed and developing countries. Therefore,
against the existing knowledge gap, this review attempted to
compare and contrast the proportions of treatment outcome
between developing and developed countries in children treated
for MDR-TB.

Methods

Search Strategy

We conducted a systematic review and meta-analysis of
published articles on treatment outcome of children treated for
MDR-TB. We searched the published articles from electronic
databases: PubMed/Medline, EMBASE, Scopus and Web of Science
for English articles without restricting publication year. We
designed a sensitive search strategy by combining a keywords:
“tuberculosis”, “drug resistance”, “drug-resistant”, MDRTB”, “MDR-
TB” “Extensively Drug-Resistant Tuberculosis”, “XDRTB”, “XDR-
TB”, “treatment outcome”, “children”, “pediatric”, “paediatric”,
“adolescent” and “infant” with both MeSH terms and free text
terms. In addition, we searched electronically available grey
literature through Google Scholar, International Journal of
Tuberculosis and Lung Disease and the bibliography of key
included studies. The final search strategy and keywords of
PubMed database on 30/01/2020 was: [(((((((("Tuberculosis"[-
Mesh] OR "Tuberculosis, Multidrug-Resistant"[Mesh] OR
"Tuberculosis, Pulmonary"[Mesh])) OR (((pulmonary tuberculosis
[tiab]) OR tuberculosis, multidrug resistance[tiab]) OR tuberculosis
[tiab]))) OR (((MDR-TB[tiab]) OR MDR TB[tiab]) OR MDR TB[tiab])))
OR ((((XDR TB[tiab]) OR XDR-TB[tiab]) OR XDRTB[tiab]) OR
Extensively drug resistance tuberculosis[tiab]))) AND tuberculosis
treatment outcomes [tiab]].

Study Inclusion and Exclusion Criteria

We included the studies if they were conducted on any number
of children and diagnosed either clinically or bacteriologically. We
excluded the studies when they were conducted only on adult
MDR-TB patients, specific drug, first line treatment and single
organ MDR-TB patients. In addition the studies were excluded
when key outcome variables not reported.

Quality Assessment

Three authors (HHT, WJ, KJK) independently assessed abstract
and full text of eligible articles. Crombie’s tool was used to assess the
quality of included studies (Zeng et al. 2015). This tool contains seven
items for quality assessment of cross-sectional/prevalence studies.
These items assessed for appropriateness of design, adequacy of data
description, representativeness of the total sample, clarity, reliability
and validity of the measurements, statistical significance, appropri-
ateness and adequacy of the analyses. The quality of each article was
given by the score ranged from 0 to 7. Final inclusion of the study was
decided through consensus of the three authors, and in the case of
disagreement the three authors discussed with the fourth (SN) and
fifth (RM) authors to reach a consensus.

Data Extraction

We extracted data from included study in two separated
spreadsheet independently. Our primary outcome variables were
WHO MDR-TB treatment outcome categories (cured, treatment
completed, death, treatment failure, lost to follow up). However,
we excluded transferred out patients because many of the studies
included in this review did not report treatment outcome on
transferred out patients. The final categories of MDR-TB treatment
outcome used in this study were treatment success (cure plus
treatment completed), treatment failed, death and lost to follow up
based on the included studies and WHO (WHO 2018) MDR-TB
treatment outcome definitions. We extracted treatment outcome
categories in number, total sample size, participants’ character-
istics such as age, HIV status and previous adult TB patient contact
history from each included study (Tables 1, 2). In addition, we
collected study’s first author, year of publication, follow up
duration, study setting, study country and treatment duration
(Tables 1, 2).

Statistical Analysis

We estimated the pooled proportions of MDR-TB treatment
outcomes (treatment success, death, treatment failure, lost to
follow up), HIV sero-status and previous adult TB contact history
with their 95% Confidence Interval (CI) using random effect meta-
analysis model. We examined the heterogeneity of the study in
the results of different studies through Chi-square based Q test
with significant level of p-value < 0.1 and I2 statistics with above
75% as significant heterogeneity (Higgins et al. 2003). We also
assessed the availability of potential publication bias with both
funnel plot and Egger's test (p-value < 0.1 as significant level). In
addition, we investigated the effects of the potential heterogene-
ity factors in the proportions of treatment outcomes by subgroup
analysis for categorical variables and moment based meta-
regression model for continuous variables. We carried out all
data analysis using STATA version 14.

Results

Studies characteristics

We included 17 studies in this systematic review and meta-
analysis (Fig. 1). The studies included in this review were from eight
countries: South Africa (seven studies) (Hicks et al. 2014; Moyo et al.
2015;Schaaf et al. 2003; Seddonet al.2013; Seddon et al. 2011; Fairlie
et al. 2011; Hall et al. 2008), Peru (three studies) (Chiang et al. 2016;



Table 2
Treatment outcome categories distribution

First author, publication year Sample size Treatment outcome (in number and %) Previous adult TB
patient contact history

Cure Complete Treatment Success Death Failure Lost to follow up Unknown

Chiang et al., 2016 232 163(70.3%) ———— 163(70.3%) 9 (3.9%) 10 (4.3%) 29 (12.5%) 21 (9.1%) ————

Drobac et al., 2006 38 36 (94.7%) ———— 36 (94.7%) 1 (2.6%) ———— 1 (2.6%) ———— 27 (71.1%)
Hicks et al., 2014 84 50 (59.5%) 16

(19.0%)
66 (78.6%) 9 (10.7%) 4 (4.8%) 5 (6.0%) ———— 13 (15.5%)

Moyo et al., 2015 44 11(25%) 5 (11.4%) 16 (36.4%) 4 (9.1%) 5 (11.4%) 19 (43.2%) ———— ————

Mukherjee et al., 2003 16 12 (75%) ———— 12(75%) 3 (18.8%) 1 (6.3%) ———— ———— 13 (81.3%)
Satti et al., 2012 19 7(36.8%) 8 (42.1%) 15 (78.9%) 2 (10.5%) ———— ———— 2 (10.5%) 3 (15.8%)
Schaaf et al., 2003 39 21(53.8%) ———— 21(53.8%) 4 (10.3%) 3 (7.7%) 6 (15.4%) 5 (12.8%) 27 (69.2%)
Seddon et al., 2013 149 137 (91.9%) ———— 137 (91.9%) 3 (2.0%) ———— 9 (6.0%) ———— ————

Seddon et al., 2011 111 74 (66.7%) 17
(15.3%)

91(82.0%) 11(9.9%) 1 (0.9%) 7 (6.3%) 1 (0.9%) 45 (40.5%)

Fairlie et al., 2011 13 ———— 7 (53.8%) 7 (53.8%) ———— ———— ———— ————

Feja et al., 2008 20 ———— 16
(80.0%)

16 (80.0%) ———— ———— ———— ———— ————

Gegia et al., 2013 45 8 (16.7%) 19
(42.2%)

27 (6.0%) 1 (2.2%) 7 (15.6%) 10 (22.2%) 45 (100%)

Granich et al.,2005 10 ———— ———— 9 (90.0%) ———— ———— ———— ———— ————

Lemaine et al., 2009 76 ———— ———— 70 (92.1%) ———— ———— ———— ———— ————

Hall et al., 2017 423 ———— ———— 245 (57.9%) 69 (16.3%) 3 (0.71%) 36 (8.5%)
Anderson et al., 2013 10 ———— ———— 9 (90%) ———— ———— ———— ———— ————

Mibei et al., 2016 9 3 (33.3%) 5 (55.6%) 8 (88.9%) 1 (11.1%) ———— ———— ———— ————

TB-Tuberculosis; all dash lines indicates-the values are unknown.

Table 1
Characteristics of studies included

First author, publication year Study country Study settings Study duration Study design Treatment duration
(in month)

Sample
size

Total HIV infected

Chiang et al. (2016) Peru Hospital 2005-2009 Cohort 19 232 2
Drobac et al. (2006) Peru Community 1999 - 2003 Cohort 18-24 38 2
Hicks et al. (2014) South Africa Hospital 2009-2010 Cohort 18- 24 84 64
Moyo et al. (2015) South Africa ———— 2008-2013 Cohort 18-24 44 18
Mukherjee et al. (2003) Peru Hospital 1999-2002 Case-series 18-24 16 0
Satti et al. (2012) Lesotho Community 2007-2011 Cohort ———— 19 14
Schaaf et al. (2003) South Africa Community 1999-2001 Cohort ———— 39 6
Seddon et al. (2013) South Africa Hospital 2009-2010 Cohort ———— 149 32
Seddon et al. (2011) South Africa Hospital 2003-2008 Cohort ———— 111 43
Fairlie et al. (2011) South Africa Hospital 2008 Cross-sectional ———— 13 ————

Feja et al. (2008) USA Institutional 1995 - 2003 Cohort 18.8 20 ————

Gegia et al. (2013) Georgia Institutional 2009 - 2011 Cohort 18.4-28.7 45 0
Granich et al. (2005) USA Institutional 1994-2003 Cohort 18-24 10 ————

Lemaine et al. (2009) Latvia Hospital ———— Cohort ———— 76 ————

Hall et al. (2017) South Africa Hospital 2005-2008 Cohort ———— 423 238
Anderson et al. (2013) UK Institutional 2004-2007 Cohort 18-24 10 ————

Mibei et al. (2016) Kenya Institutional 2012 Cohort 18-24 9 ————

HIV-Human Immunodeficiency Virus, all dash lines indicates the values unknown
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Drobac et al. 2006; Mukherjee et al. 2003), Lesotho (one study) (Satti
et al. 2012), Kenya (one study) (Mibei et al. 2016), United State of
America (two studies) (Feja et al. 2008; Granich et al. 2005), Georgia
(one study) (Gegia et al. 2013), Latvia (one study) (Leimane & Ozere,
2009) and United Kingdom (one study) (Anderson et al. 2013)
(Table 1). With respect to study type, 15 studies were retrospective
cohort study design, while one study was case-series and one cross
sectional with follow up nature (Table 1). Except one study was
conference abstract (Leimane & Ozere, 2009), all were published as
full articles (Fig. 1). The sample size of included studies ranged from
nine to 423 participants (Table 1). The publicationyear of the articles
ranged from 2003 to 2017, and the study duration was from one year
to nine years (Table 1). Of included studies three were community
based, while eight were hospital based and one study did not report
the studysettingandfivestudiesbasedonprogramregistry(Table1).
The age range of children was 0–15 years for 16 studies (Table 1),
while only one study reported the age range from 10–19 years (Moyo
et al. 2015).
HIV sero-reactivity ranged from two children (Chiang et al.
2016; Drobac et al. 2006) to 238 (Hall et al. 2008) (Table 1).
However, seven studies did not report HIV sero-status of included
children (Table 1). Seven studies were reported previous adult TB
patient contact history and the proportions of previous adult TB
patient contact history ranged from 15.8% (Satti et al. 2012) to
100.0% (Gegia et al. 2013) (Table 2). Seven studies were reported
treatment duration from 18 to 24 months (Table 1) which is in
agreement with WHO’s recommendation of MDR-TB treatment
follow up duration (WHO 2018). Only two studies (Chiang et al.
2016; Hicks et al. 2014) were reported extensively drug resistance
tuberculosis (XDR-TB) among children. Because of data limitation,
we didn’t include XDR-TB treatment outcome in this analysis.

Pooled proportions of treatment outcome categories

We used a random effect model for the meta-analysis because the
results of Chi-square based Q test and I2 statistics (variation in effect



Fig. 1. Study selection process flowchart.
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size attributable to heterogeneity) showed high heterogeneity
between the results of the studies (Q = 209.8, df = 16, p-value <
0.001 and I2 = 92.37%) for treatment success proportion estimation.
Similarly, the results of Chi-square based Q test statistics was shown
significant heterogeneity between the results of the studies for
treatment failure proportion (Q = 16.9, df = 6, p = 0.01 and I2 = 64. 4%),
fordeath(Q=63.5,df=13,p<0.001andI2=79.5%)andforlosttofollow
up (Q = 36.6, df = 8, p < 0.001 and I2 = 78.1%).

We pooled a total of 1,336 children data to estimate pooled
treatment success proportion. Children in this review study was
defined as those who were less than or equal to 19 years of age. The
overall pooled treatment success proportion in this study was
77.0% (95% CI, 69.0%–85.0%) (Fig. 2). We categorized countries from
where the included studies reported into developed and develop-
ing countries based on United Nation world economic situation
report of countries (United Nation, 2017) to assess the effect of
development level in the heterogeneity between the effect sizes. In
this review, we included Georgia under developed countries,
however the report listed it under economic transition countries
(United Nation, 2017). Based on subgroup analysis, the overall
pooled treatment successes were 73.0% (63.0–83.0) in developing
countries, while 87.0% (81.0–94.0) in developed countries (Fig. 2).
The treatment success proportions bteween developing and
developed countries were significantly different (p = 0.023)
(Fig. 2). Since the studies were small for each country, we were
not in a position to conduct subgroup analysis to estimate country
specific treatment success proportion which could have effect on
the hetrogeinity of the effect sizes.

A total of 122 deaths were reported by 14 studies (Table 3). The
pooled estimated proportion of death based on the 14 included
studies was 8.0% (4.0–11.0%) (Tables 2; 3). Seven studies were
reported treatment failure (Tables 2;3), and these studies reported
a treatment failure for a total of 27 children. The overall pooled
proportion of treatment failure was 3.0% (1.0–5.0) (Table 3).
Similarly, of included studies, nine studies were reported lost to
follow up and a total of 119 children were lost to follow up across
the studies (Table 2). A pooled proportion of lost to follow up across
nine studies was 10.0% (6.0–14.0) (Table 3).

Nine studies (Tables 1; 3) were reported HIV sero-status of the
children and a total of 410 children were HIV infected (Tables 1; 3).
The minimum proportion of HIV sero-reactive reported was 3.0%
(0.0–14.0) (Drobac et al. 2006), while the maximum was 82.0%
(57.0–96.0) (Satti et al. 2012). The pooled HIV sero-positive
proportion across nine studies was 37.0% (18.0–56.0) (Table 3).
Previous adult TB patient contact history was reported by seven
studies and a total of 173 children had contact history (Tables 2; 3).
The overall pooled proportion of having previous adult TB patient
contact history was 59.0% (45.0–73.0) (Table 3). The minimum
proportion of previous adult TB patient contact history was 41.0%
(310–50.0) (Seddon et al. 2011), and the maximum was 81.0%
(54.0–96.0) (Mukherjee et al. 2003).

Effect of study year and sample size on heterogeneity

We assessed the effect of study year and sample size on
heterogeneity between studies using moment based meta-regression
model. The results of unadjusted model indicated that only sample
size was significantly predicted treatment success, treatment failure,
death, lost to follow up and previous adult TB patient contact history
heterogeneity across the studies in the reported proportions (Table 4).
However, year of study was not significantly predicted treatment
success, treatment failure, death, lost to follow up and previous TB
patient contact history heterogeneity across the studies in the
reported proportions (Table 4).



Fig. 2. Pooled and study specific proportions with 95% confidence interval of treatment success (cured plus treatment completed) (Weighted according to random-effect
method).

Table 3
Pooled proportion of death, treatment failed, lost to follow up, HIV sero-reaction status and previous adult TB patient contact history

Variable Number of included
studies

Number of
children

Pooled ES (95% CI) I2 (%) p-value

Death 14 122 0.08 (0.04–0.11) 79.54 < 0.001
Treatment failure 7 27 0.03 (0.01–0.05) 64.44 0.001
Lost to follow up 9 119 0.10(0.06–0.14) 78.12 < 0.001
HIV sero-status 9 410 0.37(0.18–0.56) 98.42 < 0.001
Adult TB patient contact history 6 173 0.59 (0.45–0.73) 83.28 < 0.001

I2-statistics that indicate heterogeneity between each effect size; CI-confidence interval; ES-effect sizel.
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After we employed a multivariable meta-regression model,
the results of our analysis indicated that year of study was not
significantly predict treatment success, treatment failure, death
lost to follow up and previous TB patient contact history
heterogeneity across studies in the reported proportions
(Table 4). However, sample size was significantly predicted
treatment success and death heterogeneity across the studies in
reported proportions after adjusted for the publication year
(Table 4).

Publication bias

Based on both funnel plot and Egger’s result (p = 0.1) there was an
evidence of publication bias in the studies included in the
estimation of treatment success. There was also evidence of
publication bias in the effect sizes of the studies included in the
estimation of treatment failure (p = 0.03), death (p = 0.02), lost to
follow up (p = 0.02), HIV sero-status (p = 0.02) and previous adult TB
patient contact history (p = 0.03).

Discussion

The overall pooled treatment success proportion was 77%, while
73% in developing countries and 87% in developed countries. The
pooled treatment successes proportions were significantly
different between developing and developed countries. The pooled
treatment failure proportion was 3% and death was 8%, while the
proportion of lost to follow up was 10%. The pooled proportion of



Table 4
Meta-regression analysis for suspected predictive variables as a reason of heterogeneity in proportions estimation

Unadjusted Model Adjusted Model

Outcome variable Predictive Variable ß (95% CI) p-value ß (95 % CI) p-value
Treatment success Year of study 7.34 (0.14–14.54) 0.05 �0.03 (-2.0–1.9) 0.977

Sample size 0.62 (0.55 – 0.69) <0.001 0.62 (0.54–0.71) <0.001
Treatment failure Year of study 0.28 (-0.21–0.78) 0.204 0.34 (-0.45–1.1) 0.303

Sample size 0.01 (-0.02–0.03) 0.557 �0.01 (-0.04–0.03) 0.793
Death Year of study 1.5 (-0.71–3.7) 0.166 �0.3 (-1.6–1.0) 0.634

Sample size 0.13 (0.09–0.18) <0.001 0.14 (0.09–0.2) <0.001
Lost to follow up Year of study 1.8 (0.13–3.5) 0.039 0.74 (-0.78–2.3) 0.279

Sample size 0.08(0.34–0.13) 0.003 0.07(0.01–0.12) 0.029
HIV Sero-status Year of study 1.7 (-2.3–5.8) 0.345 1.7 (-3.1–6..5) 0.437

Sample size 0.01 (-0.26–0.28) 0.924 �0.01 (-0.23–0.1) 0.994
Adult TB patient contact history Year of study 0.75 (-2.8–4.3) 0.623 �0.23 (-2.7–2.2) 0.821

Sample size 0.38 (0.12–0.64) 0.011 0.39 (0.08– 0.70) 0.023

-SE- Standard Error; ß- regression coefficient; CI-confidence interval; HIV- human immunodeficiency virus; TB- tuberculosis.
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having previous adult TB patient contact history was 59% and the
pooled HIV sero-reactive proportion was 37%.

Our systematic review and meta-analysis indicated that
treatment success of MDR-TB among children was slightly lower
than previously reported systematic review and meta-analysis
studies (Ettehad et al. 2012; Isaakidis et al. 2015). This difference
most probably due to the number of studies included and study
population related characteristics. However, the treatment success
in our finding (77%) is similar with the treatment success (78%) of
recently reported review study (Harausz et al. 2018). The pooled
treatment success in this study was significantly different between
developing and developed countries. We could not obtain the
previous review study that compared MDR-TB treatment success
status among children in developed and developing countries.
However, the possible reasons of the difference between our
finding and previously reported review finding could be due to
recording and reporting of treatment outcome which may be more
precise in developed countries than in developing countries. In
addition, MDR-TB treatment outcome diagnosis is more accurate in
developed countries than in developing countries due to lack of
laboratory facilities, supplies and the high burden of the disease in
developing countries. Furthermore, the difference in treatment
success between developed and developing countries most
probably due to the high burden of HIV burden in children in
developing countries than in developed.

The pooled estimates indicated that death and lost to follow
up among children were higher than previously reported review
study results (Ettehad et al. 2012). In contrast, one previous
review study was reported higher proportions of death (11.4%)
and lost to follow up (12.7%) than our findings (Isaakidis et al.
2015). This difference most probably due to the difference in the
number of studies included and the total pooled sample size in
the previous reviews and our findings.

We could not get previous review which estimated pooled
treatment failure among MDR-TB children. However, a review
study conducted on adult participants indicate that, the pooled
treatment failure in adult participants was double to our finding
(Kibret et al. 2017). The difference between children and adult
participants on treatment failure might be due to biological related
characteristics and the paucibacillary nature of the disease in
children which leads to sooner bacterial clearance.

Although we could not find previous review study which
attempted to pool the burden of previous exposure to adult TB
patient in children, evidence indicates the chance of children to
acquire TB including MDR-TB from adult patient in family is high
(Zignol et al. 2013). This result was in line with our review finding
in which the pooled proportion of previous adult TB patient
contact history is high (59%).
This systematic review and meta-analysis has its strengths and
limitations. We employed a random-effect model to address
heterogeneity between studies. Although we cannot exclude the
risk of publication bias, we employed sensitive search strategies to
identify all studies reported treatment outcomes on children
treated for MDR-TB in both developed and developing countries.
The main limitation of this review was that studies included in this
review were reported from only eight countries, and seven out of
17 included studies were reported from a single country (South
Africa). Therefore, the estimated pooled proportion of this review
may not be representative of MDR-TB treatment outcome achieved
in children across the world. In addition, some studies reported on
small number of participants which increased the heterogeneity
between the studies. Moreover, our analysis was limited due to the
inconsistent reporting of important participants’ characters such
as treatment outcome by HIV sero-status, antiretroviral treatment
status and drug adverse reactions.

Conclusion

Our systematic review and meta-analysis findings indicated
that the pooled treatment success in children treated for MDR-TB
was significantly different between developing and developed
countries. Improving MDR-TB programme is vital to maximize
treatment success in developing countries. In addition, investing
and promoting research on pediatric MDR-TB treatment outcome
in different settings could help to fill evidence gap that could
support patient care.
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