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Abstract

Background Tuberculosis (TB) remains a significant global public health challenge. Childhood TB treatment
outcomes in Mozambique remain poorly understood. This retrospective cohort study aims to identify factors
associated with unsuccessful outcomes in children.

Methods We analysed children (0-14 years) treated for TB between 2018 and 2021 in 16 selected health facilities.
Logistic regression was undertaken to identify factors associated with unsuccessful outcomes reported as Odds ratios
(ORs) with 95% confidence intervals.

Results During the study period, a total of 1,421 children were included (211 in 2018, 380 in 2019, 600 in 2020 and
2301in 2021). Of these, 33.7% (479) were aged 0-4 years, 37.1% (527) 5-9 years, and 29.2% (415) 10-14 years. Females
accounted for 50.3% (715), and 25.8% (367) were HIV positive. Pulmonary tuberculosis was the predominant form,
representing 96.1% (1,366), while Extrapulmonary Tuberculosis (EPTB) comprised 3.9% (55). Unsuccessful outcome
occurred in 5.6% (79) children. In multivariable regression model, several factors were independently associated with
unsuccessful treatment outcome. Children aged 5-9 years had significantly lower odds of unsuccessful outcomes
compared with those aged 0-4 years (model 1: aOR: 0.49 95% Cl: 0.27-0.88; p=0.017 and model 2: aOR: 0.44 95% Cl:
0.24-0.80; p=0.007). PTB was also associated with lower odds of unsuccessful outcome (model 1: aOR 0.33; 95% Cl
0.14-0.78; p=0.011 and model 2: aOR 0.39; 95% Cl 0.16-0.96; p=0.039). Compared to children treated in Maputo city,
those in Maputo province (aOR 0.29; 95% Cl 0.14-0.60; p=0.01), Nampula (aOR 0.16; 95% CI 0.07-0.36; p<0.01) and
Zambézia (aOR 0.06; 95% CI 0.02-0.15; p<0.01) had significantly lower odds of an unsuccessful outcome.

Conclusions Young children and those with EPTB were associated with unsuccessful treatment. Provincial disparities
suggest inequities in pediatric TB care. Strengthening prevention, early diagnosis, management in young children,
and service equity are needed to improve outcomes.
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Introduction

Background

Tuberculosis remains a significant global health chal-
lenge, particularly in low and middle-income countries
(LMICs), where resources for diagnosis and treatment
are often limited. In 2024, TB was one of the top ten
causes of mortality worldwide, with an estimated 10 mil-
lion people falling ill with the disease and 1.23 million
dying from it [1]. Among these, children accounted
for a substantial portion of the cases (12%), with nearly
200,000 childhood deaths due to TB, highlighting the
critical need to address TB in this vulnerable population
[2,3].

Mozambique, located in southern Africa, is one of the
30 high-burden TB countries, with an estimated inci-
dence rate of 361 cases per 100,000 population [1]. The
country also faces a high burden of HIV, with approxi-
mately 12.5% of adults aged 15—49 years old living with
HIV, in addition to a significant burden of drug-resistant
TB[1, 4, 5.

Paediatric TB presents unique challenges compared
to TB in adults. Children often have paucibacillary dis-
ease, meaning they carry a lower bacillary load. As a
result, diagnostic tests that detect TB bacilli tend to be
less sensitive in children compared to adolescents and
adults, leading to lower rates of bacteriological confirma-
tion [6]. Additionally, young children struggle to produce
sputum samples for TB testing. This, combined with the
non-specific symptoms of TB in children, can result in
delays, underdiagnosis and failure to treatment initiation
[7, 8]. Furthermore, children are more likely to develop
severe forms of TB, such as TB meningitis and miliary
TB, which can be life-threatening if not diagnosed and
treated promptly. Accurate and timely diagnosis of pae-
diatric TB is critical to prevent morbidity and mortality
[9-11]. However, diagnosing TB in children can be par-
ticularly challenging in resource-limited settings where
access to diagnostic tools such as GeneXpert and chest
radiography, as well as consumables for sample collec-
tion, may be restricted. Although no single clinical find-
ing can confirm TB, certain clinical signs and symptoms
are highly suggestive and can aid in decision-making, as
TB diagnoses are frequently missed [12].

Despite the challenges, Mozambique has made consid-
erable progress in the diagnosis and treatment of TB in
children. In 2011, the country adopted the use of GeneX-
pert for TB diagnosis, which has improved the sensitivity
and specificity of TB diagnosis compared to traditional
methods such as smear microscopy [4, 13, 14]. Further-
more, the introduction of paediatric formulations for
drug-sensitive TB (DS-TB) in 2015, can improve adher-
ence and treatment outcomes among children [12].

According to Mozambique’s guidelines, paediatric TB
diagnosis is established through a standardized clinical
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algorithm or bacteriological confirmation. The clinical
algorithm requires at least two symptoms such as pro-
longed cough, fever, weight loss, or fatigue, combined
with recent TB contact. The presence of chest X-ray find-
ings suggestive of TB further supports a clinical diagno-
sis. For bacteriological confirmation, Xpert MTB/RIF
Ultra is the preferred test due to its superior sensitivity in
paucibacillary samples. Where this technology is unavail-
able, smear microscopy is performed, with samples
referred for molecular testing at the nearest facility [13].

All patients completing TB treatment in Mozambique
are classified into standardized outcome categories fol-
lowing the WHO recommendations: “Cured” (bacte-
riological confirmation at diagnosis with subsequent
negative results), “Treatment Completed” (finished
without failure but lacking final bacteriological proof),
“Treatment Failed” (persistently positive bacteriology
after month 5, “Died” (patient who dies from any cause
during the course of tuberculosis treatment) or “Lost to
Follow-up” (treatment interruption>2 months). Treat-
ment success is collectively defined as the combination
of patients who are cured and those who have completed
treatment [12, 13].

There are still gaps in the diagnosis and treatment of
paediatric TB in Mozambique. Limited access to health-
care facilities, inadequate healthcare infrastructure, and a
shortage of healthcare workers trained in TB prevention,
diagnosis and management remain significant challenges.
These challenges contribute to no diagnosis or delays in
diagnosis, treatment initiation and its monitoring which
can result in poor treatment outcomes and the develop-
ment of drug-resistant TB strains [9, 15].

There is limited information on TB treatment outcomes
in children [1]. In Mozambique, there is limited literature
on the subject. A study conducted at the Hospital Car-
melo, Gaza Province, using a cohort of children less than
15 years treated for drug-sensitive TB from 2006 to 2017,
showed that 83.6% of children had a favourable outcome
(cure or completed treatment). Predictors of unsuccessful
outcomes included age under 5 years [16]. Another study
in the Manhica district, Maputo Province, in the period
2011-2012 involving 1957 patients (children and adults),
revealed a different reality from that found in Gaza Prov-
ince, with 73,8% of treatment success, 15.1% of chil-
dren dying during treatment, 10% lost to follow-up, and
1.1% experiencing treatment failure. Factors associated
with unsuccessful outcomes included HIV co-infection,
female sex, and lack of bacteriological confirmation [17].

The geographical diversity of Mozambique, with its
varying landscapes, climates, and population densities,
presents unique challenges and opportunities for TB
control and healthcare delivery. Understanding the TB
burden and treatment outcomes in children in different
regions of Mozambique is crucial for developing targeted
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interventions and improving TB management nation-
wide. This retrospective cohort study aims (1) to describe
the demographic characteristics and clinical profile of
children treated for TB and (2) to analyse the treatment
outcomes and identify factors associated with unsuc-
cessful treatment outcomes among children with TB in
Mozambique. By identifying these factors, we can inform
policy and practice to improve the TB control strategies
of paediatric TB and reduce the impact of the disease on
children in Mozambique.

Methods

Study design and period

In this retrospective cohort study, we retrieved rou-
tinely collected data from selected health facilities across
Mozambique for the period from 2018 to 2021.

Setting

The study was conducted in sixteen primaries public
health facilities across four provinces of Mozambique:
Maputo City and Maputo Province (southern region),
Zambézia (central region), and Nampula (northern
region). These provinces were selected to capture geo-
graphic diversity and variation in urban—rural contexts.
Health facilities were non-randomly selected, using a
convenience sampling approach based on the highest
reported pediatric TB notification rates prior to the study
period (between 2016 and 2017). Within each province,
the two districts with the highest number of pediatric TB
cases were identified using National TB Program (N'TP)
surveillance data. From each selected district, two pri-
mary public health facilities providing TB treatment
services were included, resulting in a total of sixteen
facilities.

In Mozambique, TB treatment and outcome recording
are coordinated under the NTP and are primarily deliv-
ered in public health facilities. Non-public institutions,
including private for-profit clinics, perform initial TB
diagnosis but refer patients to public facilities for treat-
ment registration and follow-up. Treatment outcomes
are recorded within the NTP registry at the treating
public facility. Because TB treatment and outcome clas-
sification follow standardized WHO definitions within
the NTP, outcome reporting procedures were consistent
across included facilities.

Participants/study population

The study included children aged 0-14 years who were
initiated on TB treatment between 2018 and 2021.
Patients with a confirmed TB diagnosis, based on either
bacteriological confirmation (e.g., positive smear micros-
copy, culture, or molecular testing) or clinical criteria
(e.g., symptoms, radiological findings, or histopathologi-
cal evidence), were included. The study excluded children
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with DR-TB, incomplete medical records (defined as
those with missing information on either the primary
treatment outcome or the child age), had transferred to
another health facility, or had been diagnosed with TB
but had not initiated treatment.

Data sources and variables
Data were collected from medical records and national
routine TB registers including demographic information
(age, sex), clinical details (referral source, TB category,
TB lesion localization, comorbidities, resistance profile),
diagnostic test results (smear microscopy, GeneXpert,
culture), radiological findings (X-ray), treatment details
(regimen, duration), and treatment outcomes (cure, com-
pletion, death, loss to follow-up, treatment failure).
Treatment outcomes were categorized as successful
(cured or treatment completion) and unsuccessful (lost to
follow-up, death, treatment failure, transfer out) in align-
ment with WHO TB definition: “Cured” (bacteriologi-
cal confirmation at diagnosis with subsequent negative
results), “Treatment Completed” (finished without fail-
ure but lacking final bacteriological proof), “Treatment
Failed” (persistently positive bacteriology after month
5), “Died; (patient who dies from any cause during the
course of tuberculosis treatment), or “Lost to Follow-up”
(treatment interruption>2 months). Treatment success
was defined as the combination of patients who are cured
and those who have completed treatment [12].

Bias

Medical records or data collection processes may be
incomplete or inconsistent, especially if data are manu-
ally recorded. Missing or inaccurate data on treatment
outcomes, diagnostic results, or patient characteristics
could lead to misclassification or underreporting of cases.

Sample size
All eligible pediatric TB cases recorded in selected facili-
ties during the study period were included. Because this
was a retrospective analysis of routinely collected pro-
grammatic data, no a priori sample size calculation was
performed.

Data collection

Data were retrieved from routinely collected records by
trained research assistants using a standardized tool.
All eligible pediatric TB records during the study period
were abstracted. No quota sampling or case selection was
applied.

Statistical methods/ data analysis

Descriptive statistics summarized frequencies of cat-
egorical variables, including age groups, sex, type of
institution where the children were diagnosed, type of
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TB (pulmonary or extrapulmonary), HIV status, and
treatment outcomes. Chi-square or Fisher’s exact tests
were used to analyse differences in TB case distribution,
TB type, HIV status, diagnostic methods, and treatment
outcomes. To identify factors associated with unsuccess-
ful treatment outcomes, we performed univariate and
multivariable logistic regression analyses. The model
included variables such as sex, age, institution type, TB
type, HIV status, and diagnostic results. Variables with a
p-value <0.20 in univariate analysis, as well as clinically
relevant variables (age and sex), were included in the
multivariable logistic regression model. The final model
included sex, age group, type of institution at diagnosis
(public vs. non-public), TB type (pulmonary vs. extra-
pulmonary), HIV status, previous treatment status, and
province. We estimated both crude and adjusted odds
ratios (ORs) with their respective 95% confidence inter-
vals (CIs). For all statistical tests we used a 5% signifi-
cance level. Data were entered using Excel and analysed
using SPSS software version 28.0.

Ethics statement

Ethical approval for this study was obtained from the
National Bioethics Committee for Health, Mozambique
(CNBS), IRB00002657, on July 1, 2021 (Reference: 388/
NBS/21). Informed consent was not required as the
study involved secondary analysis of existing data col-
lected during routine medical care. No direct interac-
tion occurred with the participants, and data extraction
was performed on de-identified records. Each patient
was assigned a unique study ID. To ensure confidential-
ity, participant names were excluded from the data sheet.
Information obtained from the study participants data is
kept confidential. The study adhered to the principles of
the Declaration of Helsinki.
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Results

Study population

A total of 1,453 eligible children under the age of 15 years,
who were receiving treatment for all forms of tuberculo-
sis, were identified across 16 health facilities. From this
initial cohort, we excluded children with drug-resistant
TB (n=6), as their treatment regimens and follow-up
modalities differ substantially from those with drug-sus-
ceptible TB, which could introduce clinical heterogeneity
and bias in the analysis of treatment outcomes. We also
excluded children with unevaluable treatment outcomes
(n=26), defined as those who were transferred out, had
an unknown outcome, or for whom outcome data were
missing from medical records. After applying these
exclusion criteria, a total of 1,421 children were included
in the final descriptive analysis (Fig. 1). This cohort repre-
sents the study population for whom complete data were
available to assess factors associated with unsuccessful
TB treatment outcomes.

Demographic and clinical characteristics

Among the total of 1,421 children, 33.7% (479) were
aged 0—4 years, 37.1% (527) 5-9 years, and 29.2% (415)
10-14 years. Females accounted for 50.3% (715). Regard-
ing geographic origin, the majority of children came from
Zambézia province, representing 36.8% (523). In terms of
place of diagnosis 70.3% (999) were initially diagnosed in
public health facilities, while the remaining 29.7% (422)
were referred from the private sector.

Most cases were new diagnoses, accounting for 97.4%
(1,384) of the study population. HIV testing was posi-
tive in 25.8% (367) and was not performed in 1.1% (16).
Among those who tested positive for HIV, 95.1% (349)
initiated antiretroviral therapy (ART). Regarding TB lab-
oratory investigation, among the 1,421 children included

Total eligible children identified (<15 years
treated for TB all forms between 2028-2021)

n=1,453
»| Excluded drug resistant TB (n=6)
v
n=1,447
i " | Excluded unevaluable treatment
n=1421 outcome (n=26)

A4

Final cohort included in analysis (n=1,421)

Fig. 1 Pediatric TB case selection flowchart
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in the final analysis, only 479 (33.7%) underwent bacte-
riological testing for TB confirmation. Of these, 263 were
tested using Xpert MTB-RIF and 216 using microscopy.
The remaining 942 children (66.3%) did not have a labo-
ratory confirmation recorded.

Chest X-ray was performed in only 78 children (5.5%).
The majority of cases were diagnosed clinically (90.4%,
n=1,284), while 9.6% (137) were bacteriologically

Table 1 Demographic and clinical characteristics of children with TB
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confirmed. Bacteriological confirmation was more fre-
quent among children aged 5-14 years (Table 1).
Pulmonary tuberculosis was the predominant form,
accounting for 96.1% (1,366). Among the extrapulmo-
nary TB cases, lymphadenitis was the most frequent pre-
sentation accounting for 44.6% (25). Other EPTB forms
included abdominal (10.7%, n=6), pleural (7.1%, n=4),
and bone (5.4%, n=3). Meningeal, pericardial, perito-
neal, and vertebral TB each accounted for 1.7% of EPTB

Characteristic Total (N=1,421) (%)

0-4 years (%)

5-9 years (%) 10-14 years (%)

(n=479) (n=527) (n=415)

Sex

Male 704 (49.5) 237 (49.5) 276 (524) 191 (46.0)

Female 715 (50.3) 242 (50.5) 251 (47.6) 222 (53.5)

Missing 2 0.1 2 0.5)
Province
Maputo City 228 (16.0) 55 (11.5) 87 (16.5) 86 (20.7)
Maputo Province 371 (26.1) 121 (25.3) 140 (26.6) 110 (26.5)
Nampula 299 (21.0) 96 (20.0) 120 (22.8) 83 (20.0)
Zambezia 523 (36.8) 207 (43.2) 180 (34.2) 136 (32.8)
TB Location
Pulmonary TB 1366 (96.1) 472 (98.5) 502 (95.3) 392 (94.5)
Extrapulmonary TB 55 (3.9 7 (1.5) 25 4.7) 23 (5.5)
TB classification
New cases 1384 (97.4) 476 (99.4) 512 (97.2) 396 (95.4)
Previously treated 37 (2.6) 3 0.6) 15 (2.8) 19 (4.6)
Institution of diagnosis
Public 999 (70.3) 367 (76.6) 374 (71.0) 258 (62.2)
Non-public (Private) 422 (29.7) 112 (234) 153 (29.0) 157 (37.8)
HIV status
Negative 1038 (73.0) 391 (81.6) 378 (71.7) 269 (64.8)
Positive 367 (25.8) 81 (16.9) 142 (26.9) 144 (34.7)
Not done 16 (1. 7 5 7 (13) 2 0.5)
HIV positive on ART
No 9 (2.5 4 4.9 3 . 2 (1.4)
Yes 349 (95.1) 74 (91.4) 137 (96.5) 138 (95.8)
Missing 9 (2.5) 3 (3.7) 2 (14) 4 (2.8
TB test
Smear microscopy 216 (15.2) 45 94) 65 (12.3) 106 (25.5)
Xpert MTB RIF 263 (18.5) 40 (84) 112 (213) m (26.7)
Not done 942 (66.3) 394 (82.3) 350 (66.4) 198 (47.7)
TB test results (n=479)
MTB Detected 329 (68.7) 72 (84.7) 129 (72.9) 128 (59.0)
MTB not detected 137 (28.6) 1M (12.9) 42 (23.7) 84 (38.7)
Missing 13 2.7) 2 24) 6 (34 5 (2.3)
Type of diagnosis
Bacteriologically confirmed 329 (23.2) 72 (15.0) 129 (24.5) 128 (30.8)
Clinically diagnosed 1092 (76.8) 407 (85.0) 398 (75.5) 287 (69.2)
Chest X-ray results
Not suggestive 3 0.2) 1 0.2) 1 0.2) 1 0.2)
Suggestive of TB 75 (5.3) 28 (5.8) 31 (5.9) 16 39)
Not done 1343 (94.5) 450 (93.9) 495 (93.9) 398 (95.9)

Abbreviation: ARV: antiretroviral treatment, PTB: pulmonary tuberculosis; EPTB: extrapulmonary tuberculosis
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Table 2 Location of extrapulmonary tuberculosis
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Total 0-4 years 5-14 years
n (%) n (%) n (%)
Lymph node 25 (45.5) 6 (85.7) 19 (39.6)
Abdominal 6 (10.9) 1 (14.3) 5 (10.4)
Pleural 4 (7.3) 0 0.0) 4 8.3)
Bone 3 (5.5) 0 0.0) 3 6.3)
Meningeal 1 (1.8) 0 (0.0 1 2.1
Pericardial 1 (1.8) 0 0.0 1 2.1
Peritoneal 1 (1.8) 0 (0.0) 1 2.1
Vertebral 1 (1.8) 0 (0.0) 1 2.1
Missing 13 (23.6) 0 (0.0) 13 (27.1)
Total 55 (100.0) 7 (100.0) 48 (100.0)
Table 3 Treatment outcomes by age groups
Outcome (n=1421) Total 0-4 Years old 5-9 Years old 10-14 Years old Pvalue
(%) n=479 (%) n=527 (%) n=415 (%)
Cure or completion 1342*% (94.4) 447 (933) 507 (96.2) 388 (93.5) 0.083
LFU 40 (2.8) 19 (4.0) 10 (1.9 1 (2.7) 0.136
Death 26 (1.8) 7 (1.5) 6 (1.1) 13 (3.1 0.058
Treatment failure 13 0.9) 6 (1.3) 4 0.8) 3 0.7 0.634
*Total Cured =74 (5,2%); Completed treatment= 1268 (88.2%);
Treatment Outcome Trends (2018-2021)
102.0%
100.0%
98.0% 2.2%
. 0
4.7% 5.8% - o
96.0% D0
94.0%
92.0%
90.0%
88.0%

2018 2019

2020 2021

Treatment Outcome Trends (2018-2021) Unsuccessful treatment

W Treatment Outcome Trends (2018-2021) Treatment Success

Fig. 2 Trend in TB treatment outcome, 2018-2021

cases. Data on the specific anatomical site was missing
for 23.6% (13) of EPTB cases (Table 2).

Treatment outcomes of children with TB

Among the 1,421 children included, 5.2% (74) were
cured and 89.2% (1,268) completed treatment, resulting
in an overall treatment success rate (cure and treatment
completion) of 94.4% (1,342). Unsuccessful outcomes
occurred in 5.6% (79) children. Among those with unsuc-
cessful treatment, loss to follow-up (LFU) accounted for
2.8% (40), death 1.8% (26) and treatment failure 0.9%
(13). To assess the strength of these associations, we used
the chi-square test. There were no significant differences

in the treatment outcomes rates between the age groups
(Table 3).

Treatment outcomes remained consistently high
throughout the study period, with success rates remain-
ing above 90% from 2018 to 2021 (Fig. 2).

Unsuccessful treatment outcome differed across prov-
inces, with 6.2% (23) in Maputo Province, 1.5% (8) in
Zambézia, 3.3% (10) in Nampula and 16.7% (38) in
Maputo City (Table 4).
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Table 4 Treatment outcomes by provinces
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Treatment outcome Maputo Zambézia Nampula Maputo City

n (%) n (%) n (%) n (%)
Success 348 (93.8) 515 (98.5) 289 (96.7) 190 (83.3)
Unsuccessful 23 6.2) 8 (1.5) 10 (3.3) 38 (16.7)
Table 5 Factors associated with unsuccessful TB treatment in children
Variable Crude OR(95% Cl) p-value Adjusted OR Model 1*(95% Cl) p-value Adjusted OR Model 2t (95% Cl)  p-value
Sex (Female vs. male)
Male 0.84 (0.53-1.33) 0.460 0.84 (0.52-1.33) 0450 0.89 (0.55-1.44) 0.633
Age group (0-4 years vs. 5-9 years; 0-4 years vs. 10-14 years)
5-9 years 0.55 (0.31-0.98) 0.041 049 (0.27-0.88) 0.017 0.44 (0.24-0.80) 0.007
10-14 years 0.97 (0.57-1.65) 0917 0.74 (0.42-1.30) 0.296 0.65 (0.36-1.17) 0.152
HIV status (Negative vs. positive)
Positive 1.45 (0.89-2.35) 0.138 1.57 (0.95-2.59) 0.079 1.12(0.65-1.91) 0.686
Institution of diagnosis (Private sector vs. public)
Public health facility ~ 0.48 (0.30-0.76) 0.002 044 (0.27-0.71) 0.001 1.18 (0.61-2.30) 0.624
Localization (EPTB vs. PTB)
Pulmonary TB 0.38(0.17-0.87) 0.023 0.33(0.14-0.78) 0.011 0.39 (0.16-0.96) 0.039
Province (Maputo City vs. other provinces)
Maputo 0.33(0.19-0.57) <0.001 - - 0.29 (0.14-0.60) 0.001
Nampula 0.17 (0.08-0.36) <0001 - - 0.16 (0.07-0.36) <0.001
Zambézia 0.08 (0.04-0.17) <0.001 - - 0.06 (0.02-0.15) <0.001

In bold p-value <0.05

Factors associated with unsuccessful treatment

Bivariate analysis

In the bivariate logistic regression analysis, age group, TB
type, HIV status, TB classification, institution of diagno-
sis, and province were associated with unsuccessful treat-
ment outcomes at a significance level of p <0.20 and were
therefore included in the multivariable model.

Multivariable analysis

In multivariable regression model, several factors were
independently associated with unsuccessful treatment
outcomes. Two multivariable logistic regression models
were fitted (Table 5). Model 1 included demographic and
clinical variables without adjusting for province. In this
model, children aged 5-9 years had significantly lower
odds of unsuccessful outcomes compared with those
aged 0—4 years (aOR: 0.49 95% CI: 0.27-0.88; p=0.017).
Diagnosis public institutions had significantly lower odds
of unsuccessful outcomes (aOR 0.44; 95% CI 0.27-0.71;
p=0.001). In addition, children with pulmonary TB had
lower odds of unsuccessful outcome (aOR 0.33; 95% CI
0.14-0.78; p=0.011).

Model 2 included demographic and clinical variables
adjusting for province. After this adjustment, children
aged 5-9 years had significantly lower odds of unsuccess-
ful outcomes compared with those aged 0—4 years (aOR:
0.44 95% CI: 0.24—-0.80; p=0.007). PTB was also associ-
ated with lower odds of unsuccessful outcome (aOR 0.39;
95% CI10.16—0.96; p =0.039).

Furthermore, compared to children treated in Maputo
city, those in Maputo province (aOR 0.29; 95% CI 0.14—
0.60; p=0.01), Nampula (aOR 0.16; 95% CI 0.07-0.36;
»<0.01) and Zambézia (aOR 0.06; 95% CI 0.02-0.15;
p<0.01) had significantly lower odds of an unsuccessful
outcome.

Discussion

This multicenter retrospective cohort study evaluated
factors associated with tuberculosis treatment outcomes
among children using routinely collected programmatic
data. The study found a high overall treatment success
rate of 94.4%, exceeding the WHO-recommended thresh-
old of 90% [12] and aligning with the national treatment
success rate (for all ages), which is also above 90% [18].
The overall treatment success rate observed in our study
is higher than those reported in earlier regional studies
from Maputo and Gaza provinces that reported success
rates of 71.2% and 83.6%, respectively [16, 19]. This dif-
ference may reflect variations in study populations, time
periods, health system contexts, or geographic cover-
age, rather than a direct indication of national progress
over time. Our findings should therefore be interpreted
within the context of the selected high-incidence facili-
ties included in this study.

Furthermore, Mozambique’s performance compares
favorably with rates reported in other sub-Saharan Afri-
can countries, including Ghana, Botswana, and Ethiopia,
where pediatric TB treatment success rates range from
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78.9% to 93.1% [16, 20-22]. This suggests that Mozam-
bique has made notable strides in enhancing the manage-
ment of pediatric TB, marking a positive shift in national
TB control efforts.

Despite this encouraging overall performance, our
findings reveal a small but important proportion of chil-
dren (5.6%) experienced unsuccessful outcomes. The rate
of unsuccessful treatment outcome was 2.8% for loss to
follow-up, 1.8% for death, and 0,9% for treatment fail-
ure, which is consistent with the recommended WHO
threshold of <5% [12]. These findings are comparable
to those reported in a study conducted in Cameroon,
which documented a loss to follow-up rate of 2.4% and
a mortality rate of 1% [10]. However, other studies have
reported divergent results. For instance, a study in Paki-
stan reported a mortality rate of 1.6% alongside a loss to
follow-up rate of 9.3% [23], while data from Zambia indi-
cated a mortality rate of 9.2% and a loss to follow-up rate
of 1.5% [24].

A key finding of our study was the identification of fac-
tors associated with unsuccessful treatment outcomes.
First, children aged 5-9 years had significantly lower odds
of unsuccessful outcomes compared with those aged 0-4
years (model 1: aOR: 0.49 95% CI: 0.27-0.88; p=0.017
and model 2: aOR: 0.44 95% CI: 0.24-0.80; p=0.007).
This observation is consistent with previous studies [11,
23, 25]. Several interrelated factors likely contribute to
this increased risk. Biologically, their immature immune
systems render them less capable of containing Mycobac-
terium tuberculosis infection, leading to higher rates of
severe and disseminated disease [8, 10, 26]. Compound-
ing this vulnerability are the well-documented diagnostic
challenges in this age group. Young children often pres-
ent with non-specific symptoms that mimic common
childhood illnesses, and they experience difficulties pro-
ducing sputum for bacteriological confirmation [10, 26].
This non-specificity in clinical presentation can result in
diagnostic delays, late initiation of treatment, and more
advanced disease at presentation, all of which contribute
to the higher risk of unsuccessful outcomes observed in
this age group [8, 26].

Second, children with PTB were also associated with
lower odds of unsuccessful outcome (model 1: aOR 0.33;
95% CI 0.14-0.78; p=0.011 and model 2: aOR 0.39; 95%
CI 0.16—-0.96; p=0.039). This finding aligns with research
from other African settings, where EPTB in children is
associated with higher mortality and loss to follow-up
[20].

In the unadjusted analysis, children diagnosed in public
institutions appeared to have lower odds of unsuccessful
treatment outcomes. However, this association disap-
peared after adjustment for province, suggesting that the
initial finding was likely confounded by geographic dif-
ferences in health service utilization and programmatic

Page 8 of 10

conditions. Further examination of the data showed that
diagnoses in non-public institutions were dispropor-
tionately concentrated in Maputo City. Because Maputo
City also exhibited higher proportions of unsuccessful
outcomes, the apparent institutional effect observed in
the unadjusted analysis was likely driven by geographic
variation rather than by the type of diagnosing institution
itself. This finding highlights the importance of account-
ing for contextual factors such as regional differences in
health system organization, patient pathways, and access
to care when interpreting programmatic data.

The most striking disparities, however, were geo-
graphic. The strong association between province and
treatment outcomes suggests that geographic dispari-
ties may play an important role in pediatric TB out-
comes in Mozambique. Compared to Maputo City,
children treated in Maputo Province (aOR: 0.29; 95%
CI: 0.14—0.60), Nampula (aOR: 0.16; 95% CI: 0.07-0.36),
and Zambezia (aOR: 0.06; 95% CI: 0.02—0.15) had signifi-
cantly lower odds of unsuccessful outcomes. This finding
is counterintuitive, as Maputo City, the capital, typically
has better access to specialized pediatric care and diag-
nostic infrastructure. Several factors could contribute to
these differences, including variations in health system
capacity, referral pathways, diagnostic practices, and
follow-up mechanisms. Urban settings such as Maputo
City may also experience more complex patient flows,
including referrals between public and private provid-
ers, which could influence treatment continuity and out-
come reporting [27-29]. Further research is needed to
understand the underlying drivers of these geographic
disparities. Understanding the specific drivers of these
geographic differences will be important for improving
pediatric TB care and ensuring equitable treatment out-
comes across the country. Therefore, the higher odds of
unsuccessful outcomes in Maputo should be interpreted
cautiously, as they likely represent a combination of
referral patterns, disease severity, and unmeasured social
or health-system determinants, rather than poorer qual-
ity of TB care alone.

Contrary to previous studies in Mozambique and other
countries as South Africa, Botswana, Ethiopia, Cam-
eroon, Zambia and Pakistan we did not find male sex,
recurrent TB, or HIV co-infection to be significantly
associated with unsuccessful outcomes [10, 11, 20-22,
30]. This may reflect improvements in HIV care and
integration of TB/HIV services in Mozambique, includ-
ing expanded access to antiretroviral therapy for children
living with HIV [5, 18]. Continued strengthening of inte-
grated TB/HIV services remains essential to sustain these
gains.
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Limitation

This study has several important limitations. First, its
retrospective design, reliant on existing medical records,
inherently carries risks of information bias due to incom-
plete or inconsistent documentation. For instance,
treatment outcomes may have been affected by under-
reporting or misclassification, and critical social determi-
nants of health such as household socioeconomic status,
parental education, nutritional status, and comorbidities
were not systematically recorded for analysis.

Finally, the observational nature of this analysis pre-
cludes the establishment of causality; it can only identify
associations between risk factors and outcomes. Future
prospective studies designed to systematically collect
detailed clinical, social, and behavioral data are needed to
confirm these associations and provide a more compre-
hensive understanding of the drivers behind pediatric TB
treatment outcomes in Mozambique.

Conclusions

In conclusion, our findings have important implications
for policy and practice. The high overall treatment suc-
cess rate is commendable and suggests that Mozam-
bique’s National TB Programme is making progress
toward global targets. However, the persistent dispari-
ties by age, clinical presentation, and geography indicate
that additional efforts are needed to ensure equitable
access to high childhood TB quality care. Specifically,
interventions should focus on: (1) strengthening pre-
vention, early case finding and diagnostic capacity for
TB in young children and those with EPTB; (2) enhanc-
ing treatment support mechanisms for younger children
and their caregivers; and (3) investigating and addressing
the specific barriers to successful treatment outcomes in
Maputo City and other high-risk areas. By targeting these
high-risk groups and addressing geographic inequities,
Mozambique can build on its recent successes and move
closer to eliminating TB among children.
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