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Abstract

Background—Globally, TB remains a serious cause of morbidity and mortality for children. 

Mozambique is one of 30 high TB and TB/HIV burden countries. This study aimed to assess 

treatment outcomes of childhood TB in Chókwè District, Mozambique.

Methods—A retrospective cohort study of children <15 years old treated for TB from 2006–

2017 was conducted at Carmelo Hospital of Chókwè. Descriptive statistics were used to 

summarize patient characteristics. Treatment outcomes stratified by HIV status were compared 

with chi-square. Multivariable logistic regression was used to estimate the odds of a favorable TB 

treatment outcome. Kaplan-Meier curves were used to estimate cumulative incidence of death.

Results—933 cases of childhood TB were enrolled, 45.9% of which were female and 49.6% 

were <5 years old. 565 (62%) children were HIV positive. 762 (83.6%) cases had a favorable TB 

treatment outcome. In comparison to children 0–4 years, the 5–14 age group had a higher odds of 

a favorable outcome (OR=2.02, 95% CI=1.42–3.05). Being 5–14 years was associated with lower 
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risk of death (HR=0.435; 95% CI=0.299–0.632). Those starting ATT ≤ 3 months after ART 

initiation had a survival probability of approximately 75% at one year compared with 95% for 

those who were HIV-negative.

Conclusions—Most children in this cohort had favorable TB treatment outcomes. Worse 

outcomes were observed for younger children and if ATT started ≤3 months after initiation of 

ART. Rigorous screening for TB and isoniazid preventative therapy may reduce the burden of TB 

in this population and lead to better outcomes.
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INTRODUCTION

Tuberculosis (TB) remains a serious cause of morbidity and mortality for children (<15 

years of age) in the developing world. Globally, 10 million people were ill with TB in 2017, 

of which children accounted for at least 10% of new cases. Overall, 25% of incident TB 

cases were located in the World Health Organization (WHO) African region.1

National TB prevalence surveys frequently do not include children when estimating the 

burden of disease. Therefore, the currently reported prevalence of pediatric TB may be 

underestimating the true dimension of the epidemic in this age group.2–4 In resource limited 

settings, TB in children can be difficult to diagnose and treat due to the high frequency of 

atypical forms of the disease; difficulty with obtaining diagnostic specimens; and the 

severity of presentation when associated with multi-drug resistance (MDR), human 

immunodeficiency virus (HIV) infection, and/or the presence of malnutrition.1,5,6

Mozambique is classified as one of the 30 high TB and TB/HIV burden countries. In 2016 

the rate of new TB cases was 551/100,000 persons.1 National HIV prevalence was 13.2% in 

adults (2015) and 1.4% in children 0–11 years of age (2009).7,8 HIV infection is the main 

cause for increased risk of developing TB in Mozambique and leads to an increased 

likelihood of poor clinical outcomes. It is estimated that nearly 60% of TB patients in 

Mozambique are co-infected with HIV.9

Mozambique has a well-established National Tuberculosis Control Program (Programa 
Nacional de Controlo da Tuberculosis, PNCT). The PNCT has made recent progress in 

addressing TB, with overall treatment successes increasing from 79% in 2005 to 90% in 

2017.2,10,11 Further, as of 2015 the national coverage of Bacille Calmette-Guérin (BCG) 

vaccine was 93% for children 12–23 months of age.7 At the same time, Mozambique has a 

very low estimated case-detection rate (CDR) of 37%.1,12 For children, this low CDR is 

further compounded by the fact that disease estimates often assume that the ratio of notified 

to incident cases is equal for both children and adults. As a result, the TB CDR in 

Mozambican children is likely even lower, as children are much more likely to be 

underreported.12
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Surveillance data on childhood TB is important for understanding its epidemiology and to 

gain insights into the predictors of both favorable and unfavorable TB treatment outcomes. 

There have been a variety of clinical, social, and economic factors that have been reported as 

important determinants of TB treatment outcomes in children in high TB burden countries. 

The most frequently reported factors associated with unfavorable TB treatment outcomes 

include: delayed TB treatment because of diagnostic uncertainty; poor adherence to anti-TB 

treatment (ATT) regimens; MDR TB; delays in initiating antiretroviral therapy (ART) if 

TB/HIV co-infected; social determinants of the parents such as alcohol and drug use; 

poverty; and malnutrition.13–18 However, the volume of literature on this subject is sparse in 

Mozambique. The objective of this study was to assess treatment outcomes of childhood TB 

in Chókwè District, Gaza Province, Mozambique.

MATERIALS AND METHODS

Study Design and Population

A retrospective cohort study was conducted using routinely collected programmatic data 

from Carmelo Hospital of Chókwè (CHC). All children (<15 years of age) diagnosed with 

and treated for TB between January 1, 2006 to December 31, 2017 at CHC were included in 

the study.

Setting

This study was conducted at CHC, in the southern Chókwè District of Gaza Province, 

Mozambique (Figure 1). CHC is a government hospital administered by the Daughters of 

Charity, Saint Vincent de Paul Catholic missionaries since 1993, and it serves as a reference 

center for the districtś mostly rural catchment area of approximately 200,000 inhabitants. 

This setting has a high prevalence of both TB and HIV. Per the last national HIV prevalence 

survey conducted in 2015, Gaza Province had the highest HIV prevalence in the country at 

24.4%.7 ATT is offered free of charge to all patients. When possible, bacteriologic 
confirmation through sputum smear or molecular diagnostics was performed. Molecular 

diagnostics with GeneXpert MTB/RIF ® (Cepheid; Sunnyvale, California, USA) became 

available for use as of 2012. Mycobacterial culture was not readily available. For new 

patients, treatment consists of a 2-month intensive phase with a daily fixed-dose 

combination of isoniazid (H), rifampin (R), pyrazinamide (Z), and ethambutol (E), followed 

by a 4-month maintenance phase with H and R. Patients who relapse or who are without 

clinical improvement at the end of treatment are reevaluated, including a repeat GeneXpert, 

and subsequent retreatment is based on whether rifampin resistance is detected. If rifampin 

resistance is detected, samples are sent to the national reference lab for line probe assay, 

culture, and drug sensitivity testing (DST). While waiting for results, a standard short course 

(9–12 months) for drug resistant TB is initiated. Based on DST results, in select patients, 

this may be altered to an extended 18–20 month treatment protocol.19 Pediatric formulations 

of ATT were available.

Definitions

Childhood TB is defined by the PNCT as TB occurring in children <15 years old. A child is 

considered a presumptive TB case if they had signs and symptoms suggestive of TB (cough 
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>14 days, poor growth or weight loss in the last 3 months, or fever >14 days) and a history 

of contact with a TB case; positive tuberculin skin test >10 mm; and/or chest radiographs 

findings suggestive of TB.19 Pulmonary TB (PTB) was diagnosed if acid-fast bacilli (AFB) 

were seen on sputum smear or if there were symptoms suggestive of pulmonary TB in the 

presence of a positive GeneXpert or chest radiograph findings suggestive of PTB. 

Extrapulmonary TB (EPTB) was diagnosed clinically and per national guidelines could 

include disseminated, lymph node, meningeal, osteoarticular, abdominal, pericardial or 

pleural TB.19

Any diagnosis of new or previously treated active TB enrolled into the PNCT at CHC was 

considered a unique TB episode. Utilizing WHO definitions, we grouped TB treatment 

outcomes into favorable and unfavorable categories.20 Documented cure or completion of 

ATT were considered favorable TB treatment outcomes – the primary outcome of interest. 

Death, treatment failure, loss to follow-up (LTFU), or unknown outcome (including transfers 

to other facilities) were considered unfavorable TB treatment outcomes.

Data Collection

Data on age, sex, residence, date of TB diagnosis, clinical presentation, HIV status, ATT 

regimen, ART status including start date and regimen, and final treatment outcome were 

collected. Results of sputum AFB smear at treatment start were also recorded. When 

available, diagnostic chest radiograph or GeneXpert data were recorded.

Data analysis

Descriptive statistics were used to summarize patient characteristics. For continuous 

variables, median and interquartile ranges (IQR) are reported. Frequency and percentages 

are reported for categorical variables. Treatment outcomes were compared with Kruskal-

Wallis rank sum test for continuous variables and chi-square tests for categorical variables. 

Multivariable logistic regression was used to estimate the odds ratio (OR) and 95% 

confidence interval (CI) of a favorable TB treatment outcome. Predictors/covariates included 

in the multivariable model included: age, sex, distance of residence from CHC (per 10 km), 

type of TB case, HIV status, and ART status at ATT initiation. Patients with incomplete 

treatment outcome data were excluded from analysis.

Kaplan-Meier curves were used to estimate the cumulative incidence of death. The 

associations between patient characteristics with mortality were examined using the Cox 

proportional hazards model with the starting time point being the date of ATT initiation. 

Patients were censored at the end of study (365 days after ATT initiation), if they were alive 

or at their last documented visit for those who did not complete ATT, transferred out, or 

were LTFU. Analysis was performed in R-version 3.5.2 (www.r-project.org).

Ethical Considerations

Both the Mozambican National Bioethics Committee for Health (Comité Nacional de 
Bioética para Saúde, 25/CNBS/2019) and the Institutional Review Board of Vanderbilt 

University Medical Center (IRB# 190523) approved this analysis.
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RESULTS

A total of 933 cases of childhood TB were enrolled at CHC between January 1, 2006 to 

December 31, 2017, representing 8% of the 11,153 total TB cases enrolled during the study 

period. Twenty-two childhood TB cases (2%) were excluded due to incomplete data (21 for 

missing treatment dates and 1 for missing treatment outcome). Of the 911 childhood TB 

cases included in our analysis, 418 (45.9%) were female and 452 (49.6%) were less than 5 

years of age. All children in this analysis were first identified through a household contact 

and subsequently tested/diagnosed clinically. The vast majority of cases were classified as 

new TB cases (863; 94.7%) (Table 1).

Among the 733 (80.4%) cases classified as PTB, 49 (6.7%) were diagnosed by smear 

microscopy, 74 (10.0%) were diagnosed by chest radiograph, and 18 (2.5%) were diagnosed 

by GeneXpert. The remaining 592 (80.8%) PTB cases and all 178 cases classified as EPTB 

were clinically diagnosed. Among those with EPTB, the most common sites were lymph 

nodes (39.8%), pleura (6.7%), abdomen (5.6%), and bone/joint (5%). Forty-one percent of 

those classified as EPTB had no data recorded for site of disease and no cases of meningeal 

TB were documented. Five hundred sixty-five (62%) children in this pediatric TB cohort 

were HIV-positive.

Seven hundred sixty-two (83.6%) childhood TB cases had a favorable treatment outcome 

(cured [44, 5.7%] or completed treatment [717, 94%]). Of the 149 (16.3%) cases with an 

unfavorable treatment outcome, 97 (65.1%) died, 28 (18.8%) were lost to follow-up, 19 

(12.8%) were listed as unknown (including transferred to another facility), and 5 (3.3%) had 

treatment failure (Figure 2). The proportion of unfavorable treatment outcomes was 

significantly higher among children 0–4 years of age (65.8% vs. 34.2% for those 5–14 years 

of age; p<0.001; Table 1). Younger age was also identified as an independent risk factor for 

unfavorable TB treatment outcomes in our multivariable logistic regression model. Children 

5–14 years of age had a more than two-fold higher likelihood of a favorable TB treatment 

outcome compared with younger children (OR 2.08; 95% CI 1.42–3.05; p <0.0001). Gender, 

ART status, type of TB case, year of ATT initiation, and the distance one lives from the 

health facility were not significantly associated with TB treatment outcome (Table 2).

Among the 97 children who died, 58 (59.8%) were males and 88 (90.1%) were aged 0–4 

years old. In the multivariable Cox-proportional hazards model, being 5–14 years of age was 

associated with lower risk of death as compared with children 0–4 years of age (HR=0.435; 

95% CI=0.299–0.632). Mortality decreased over time; every one-year increase in the year of 

enrollment in the TB program was associated with a lower risk of death (HR=0.922; 95% 

CI=0.875–0.972). Gender, type of TB case, and the distance one lives from the health 

facility were not significantly associated with mortality (Table 3).

Kaplan-Meier estimates for the probability of one-year survival by ATT initiation in relation 

to ART treatment initiation are presented in Figure 3. Those who received ATT and were 

HIV negative had the highest probability of survival at one-year following ATT initiation, 

while those starting ATT ≤3 months after ART was initiated had a survival probability of 

approximately 75% at one year.
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DISCUSSION

This study investigated the treatment outcomes of children enrolled for TB treatment at a 

rural, district hospital in Gaza Province, Mozambique. Overall, children accounted for 8% of 

the total TB patients registered for treatment at CHC, a proportion that is consistent with the 

6–15% reported by other high burden TB countries.15–17,21 Misdiagnosis and missed 

diagnosis of childhood TB are common and can lead to inaccurate reporting of childhood 

TB cases.12,22 In our population, the possibility of misdiagnosis was quite high, since 84.5% 

of all cases were diagnosed based on clinical signs and symptoms alone (i.e., without 

bacteriologic confirmation) and 41% of EPTB cases did not document a site of disease.

This fact highlights an urgent need to improve approaches to TB diagnosis among children 

in Mozambique. Barriers to accurate diagnosis of childhood TB include the paucibacillary 

nature of TB disease in children and the fact that it is difficult to obtain diagnostic sputum 

specimens from younger children.23,24 While CHC does have the capacity to conduct early 

morning gastric aspirates in children, this requires hospitalization and is not likely a 

sustainable option for a hospital that manages and treats such a large number of TB patients. 

Bacterial and mycobacterial culture is not currently available at CHC. GeneXpert was 

introduced for diagnosis at CHC in 2012, yet this was the diagnostic modality in only 18 of 

451 (4%) children enrolled at CHC during the 5-year period from 2013–2017. CHC has 

recently begun using GeneXpert with stool samples as described elsewhere,25 and 

anecdotally is showing promising results, which going forward, may lead to improved 

diagnosis for those children unable to produce sputum. Ancillary radiology is limited to 

chest radiograph and while lumbar puncture is available, further exploration is needed to 

understand clinician comfort in its use in the pediatric population or other potential reasons 

for the lack of meningeal TB cases being reported, an unlikely result in a population with 

such a high HIV co-infection rate.

The risk of disease progression and unfavorable TB treatment outcomes is most alarming 

among young children, especially in those less than two-years of age and who may be 

immunocompromised.23 TB/HIV co-infection in our pediatric cohort was 62% overall and 

51% in the age group 0–4 years. This is higher than the 44% TB/HIV co-infection estimate 

for children in a similar age group in Mozambique and much higher than the TB/HIV co-

infection rates reported in similar studies.12,15–17 The high prevalence of TB/HIV co-

infection in our cohort may be due to the fact that CHC is a reference hospital to which all 

district satellite clinics refer their complicated cases, thus over-representing the true 

prevalence of childhood TB/HIV co-infection in the population. Additionally, in the 

Mozambican context, women frequently serve as the inpatient caregiver to sick relatives that 

are hospitalized and could potentially represent a population at increased risk of nosocomial 

transmission of TB. As they are also the main caregiver to their children, it is speculated that 

subsequent transmission to their household contacts, may represent a previously 

unrecognized means of exposure for their children, though further research is needed. BCG 

coverage nationally is quite high at 93% of children and is typically offered before discharge 

following birth or at the initial post-partum visit. This high coverage likely contributes to our 

lack of documented meningeal TB cases. It is further speculated that many cases of 
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meningeal TB could have died before arrival at hospital, though again this does not 

completely explain the lack of any meningeal TB cases being documented.

A large proportion of this pediatric cohort had favorable TB treatment outcomes, with higher 

age (5–14 years) at enrollment into TB treatment being associated with both a favorable TB 

treatment outcome and a lower risk of death. However, it should be noted that most of these 

favorable outcomes were attributable to completion of ATT rather than documented cure, 

further highlighting the need for improved diagnostic accuracy for both confirmation of 

disease and treatment success. Nineteen percent of our TB/HIV co-infected cohort had an 

unfavorable TB treatment outcome, which is similar to other study results.13 Those who 

initiated ATT more than 3 months after starting ART had a higher probability of survival at 

one-year compared with those who started ATT ≤3 months after initiating ART. While 

initiating ART has been shown to decrease the risk of TB infection in children, this benefit 

tends to be at its maximum one to two years following initiation of ART, coinciding with 

improved immunologic function. TB infection remains common in the first three months 

after starting ART, especially in those children who present with advanced clinical and/or 

immunologic stages of HIV/AIDS.26–28 While we were unable to definitively determine 

what, if any, influence immune reconstitution inflammatory syndrome (IRIS) had on 

children with poor outcomes, IRIS likely contributed to the observed higher proportion of 

unfavorable outcomes experienced by those who initiated ATT ≤3 months after initiating 

ART.29–31 These facts underscore the importance of TB screening before initiating ART and 

the use of isoniazid preventive therapy (IPT) once active TB is excluded.

It is encouraging that mortality significantly decreased over the 12-year study period. 

However, it seems that this improvement was despite underutilization of improved access to 

more sensitive diagnostic modalities (i.e., GeneXpert). Rather, this improvement likely 

corresponds to the relatively better outcomes for those who were HIV-negative, or who were 

HIV-positive but benefitting from sustained ART before being diagnosed with and treated 

for TB.

The strengths of this study include its large sample size, long study period, and that data 

were retrieved from detailed registers. Additional study limitations include first, its 

retrospective design and an inability to directly connect the National TB Program register 

data to CHĆs more comprehensive electronic medical record utilized in its HIV care and 

treatment program. This limited our ability to go back to individual patients to further 

explore or gather additional information related to questionable documentation in the TB 

registers or to address missing data. Second, all pediatric cases in this cohort were first 

identified through contact tracing of an index TB case, usually an adult patient. Greater 

effort needs to be made to identify pediatric cases presenting with signs and symptoms 

suspicious for TB in the pediatric wards and clinics, in the absence of a contact, as this may 

underestimate the true TB prevalence.

In conclusion, a large proportion of this pediatric cohort had a favorable outcome to their TB 

treatment course. Outcomes were worse among those who were TB/HIV co-infected, and 

especially for those who started ATT ≤3 months after initiation of ART. Patients also had 

worse outcomes if they were diagnosed with and treated for TB at a younger age. These 
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findings emphasize the importance of rigorous screening for TB in HIV care and treatment 

clinics, as well as initiation of IPT to prevent of TB among the youngest and most 

vulnerable segments of the population. With improved approaches to prevention, diagnosis, 

and treatment of TB and HIV, we will be able to significantly reduce the burden of these 

diseases and ensure optimal clinical outcomes.
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Figure 1. 
Map of Mozambique with Gaza Province and Chókwè District highlighted
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Figure 2. 
Tuberculosis treatment outcomes among 911 children at Carmelo Hospital of Chókwè 

(2006–2017)
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Figure 3. 
Kaplan- Meier plot for TB infected Children enrolled at Carmelo Hospital of Chókwè 

(2006–2017) by ART treatment status in relation to TB treatment
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Table 1.

Characteristics of pediatric tuberculosis (TB) patients (≤15 years old) enrolled at Carmelo Hospital of Chókwè 

between January 1, 2006 and December 31, 2017 by TB outcome status

Characteristic Unfavorable Favorable

N=149 N=762 p-value

Sex (%)

 Male 86 (57.7) 407 (53.4) 0.382

 Female 63 (42.3) 355 (46.6)

Age Group (%)

 0–4 98 (65.8) 354 (46.5) <0.001

 5–14 51 (34.2) 408 (53.5)

TB Case (%)

 New Case 141 (94.6) 722 (94.8) 1.000

 All Others 8 (5.4) 40 (5.2)

Type of TB (%)

 Pulmonary 119 (79.9) 616 (80.8) 0.871

 Extrapulmonary 30 (20.1) 146 (19.2)

ART Status (%)

 HIV(−) 43 (28.9) 303 (39.8) 0.004

 HIV (+) 106 (71.1) 459 (60.2)

  ATT before ART initiation 76 (51.0) 324 (42.5)

  ATT ≤90 days after ART initiation 18 (12.1) 47 (6.2)

  ATT >90 days after ART initiation 12 (8.1) 88 (11.5)

TB Treatment Initiation Year (%)

 2006 6 (4.0) 30 (3.9) 0.001

 2007 7 (4.7) 46 (6.0)

 2008 10 (6.7) 63 (8.3)

 2009 13 (8.7) 74 (9.7)

 2010 23 (15.4) 63 (8.3)

 2011 17 (11.4) 58 (7.6)

 2012 19 (12.8) 38 (5.0)

 2013 7 (4.7) 47 (6.2)

 2014 7 (4.7) 87 (11.4)

 2015 7 (4.7) 84 (11.0)

 2016 17 (11.4) 68 (8.9)

 2017 16 (10.7) 102 (13.4)

Distance to HF (km) (median [IQR]) 10 [1.0, 23.0] 4 [1.01, 20.0] 0.285

ATT= anti-tuberculosis treatment; ART= antiretroviral therapy; HF=health facility

Favorable Outcome defined as “completed treatment” or “cured”

Unfavorable Outcome defined as “death, treatment failure, loss to follow-up (LTFU), or unknown outcome”

Kruskal-Wallis rank sum test for comparison of continuous variables/Chi-square test for categorical variables
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Table 2.

Logistic Regression Model: Predictors of a favorable tuberculosis (TB) treatment outcome (defined as cured or 

treatment completed) among childhood TB cases at Carmelo Hospital of Chókwè (2006–2017)

n= 476 OR (95% CI) p-value

Gender

 Female ref

 Male 0.89 (0.61, 1.28) 0.514

Age (years)

 0–4 ref

 5–14 2.08 (1.42, 3.05) <0.001

ART status

 ATT before ART initiation ref

 ATT ≤90 days after ART initiation 0.62 (0.34, 1.13) 0.118

 ATT >90 days after ART initiation 1.40 (0.70, 2.79) 0.340

 HIV (−) not on ART 1.49 (0.97, 2.27) 0.065

TB case definition

 New case (PTB; bacteriologically confirmed) ref

 New case (PTB; not bacteriologically confirmed) 0.77 (0.26, 2.28) 0.638

 New case (EPTB) 0.70 (0.22, 2.17) 0.532

 Other 0.63 (0.17, 2.38) 0.496

TB treatment initiation (per 1-year increase) 1.03 (0.97, 1.03) 0.364

Distance to health facility (per 10km increase) 0.96 (0.89, 1.03) 0.287

ATT= anti-tuberculosis treatment; ART= antiretroviral therapy; EPTB= extrapulmonary TB; PTB= pulmonary TB
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Table 3.

Cox Proportional Hazards Model for Mortality among Childhood Tuberculosis (TB) cases at Carmelo 

Hospital of Chókwè (2006–2017)

Exposure Hazard Ratio Lower CI Upper CI

Age Group

 0–4 -- -- --

 5–14 0.435 0.299 0.632

Gender

 Female -- -- --

 Male 0.986 0.698 1.395

ART status

 ATT before ART initiation -- -- --

 ATT ≤90 days after ART initiation 1.332 0.800 2.218

 ATT >90 days after ART initiation 0.666 0.349 1.270

 HIV (−) not on ART 0.397 0.237 0.666

TB case

 New case (PTB; bacteriologically confirmed) -- -- --

 New case (PTB; not bacteriologically confirmed) 0.679 0.239 1.931

 New case (EPTB) 0.941 0.318 2.789

 Other 0.609 0.157 2.363

Year of TB treatment Initiation 0.922 0.875 0.972

Distance from health facility (per 10km increase) 0.962 0.873 1.060

ATT= anti-tuberculosis treatment; ART= antiretroviral therapy; EPTB= extrapulmonary TB; PTB= pulmonary TB
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