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Tuberculosis (TB) is an underestimated cause of 
death in children (1); it is accurately diagnosed 

and reported in only 45% of children with the disease 
(2). When accounting for underdetection, the World 
Health Organization (WHO) estimated that, in 2017, 
a total of 1.12 million TB cases developed in infants, 
children, and adolescents <14 years of age and 1.60 
million cases in adolescents and young adults 15–24 
years of age (2). WHO also estimated that TB was 
associated with 205,000 deaths in children, includ-
ing 32,000 in HIV-infected children and adolescents; 
these deaths account for 13% of total TB-associated 
deaths in HIV-infected persons, although only 5% of 
HIV-infected persons are children (2). Children might 
be at increased risk for TB because they receive anti-
retroviral therapy (ART) at lower rates than adults. 
According to the Joint United Nations Programme on 
HIV/AIDS (3), only 53% of eligible children world-
wide received ART in 2019.

Before ART was widely available, TB incidence 
and TB-related deaths were substantially higher 
among HIV-infected children and adolescents than 
among peers without HIV (4). Multiple studies have 
demonstrated declines in TB incidence among this 
group after ART scale-up initiatives (5,6). A meta-
analysis of data from children estimated a pooled 
hazard ratio of 0.3 (95% CI 0.21–0.39) and declining 
TB risk for 2 years after ART initiation (5,7). However, 
TB remains a major cause of illness and death in chil-
dren receiving ART (8).

Although risk factors for TB and adverse TB 
outcomes are well-documented among HIV-in-
fected adults (9), risk factors among HIV-infected 
children and adolescents are poorly understood, 
particularly since the 2016 recommendations for 
universal ART for all HIV-infected persons (10). 
Some systematic reviews suggest that immuno-
suppression predicts TB incidence (7) among HIV-
infected children and adolescents. Studies examin-
ing data sourced from a single country typically 
demonstrate that 1 or 2 risk factors, such as age <2 
years, extrapulmonary TB, malnutrition, severe im-
munosuppression, WHO HIV clinical stage, or TB 
treatment status (11–14) can predict death among 
children with HIV-associated TB. Large or multi-
national studies of TB risk factors and outcomes 
among HIV-infected children and adolescents are 
few (15,16) and urgently needed.

Limited and conflicting data exist on outcomes 
among HIV-infected children and adolescents in 
whom TB developed before versus after ART initia-
tion. In a multinational cohort of children from pre-
dominantly resource-limited countries, no associa-
tion existed between TB outcomes and disease onset 
relative to ART initiation (15). In contrast, other stud-
ies have demonstrated lower death rates among chil-
dren on ART at the time of TB diagnosis (17). WHO  
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HIV-infected children and adolescents are at increased 
risk for tuberculosis (TB). Antiretroviral therapy (ART) re-
duces TB risk in HIV-infected adults, but its effectiveness 
in HIV-infected children and adolescents is unknown. We 
analyzed data from 7 integrated pediatric HIV/TB centers 
in 6 countries in sub-Saharan Africa. We used a Bayesian 
mixed-effect model to assess association between ART 
and TB prevalence and used adaptive lasso regression to 
analyze risk factors for adverse TB outcomes. The study 
period encompassed 57,525 patient-years and 1,160 TB 
cases (2,017 cases/100,000 patient-years). Every 10% 
increase in ART uptake resulted in a 2.33% reduction 
in TB prevalence. Favorable TB outcomes were associ-
ated with increased time in care and early ART initiation, 
whereas severe immunosuppression was associated 
with death. These findings support integrated HIV/TB 
services for HIV-infected children and adults and demon-
strate the association of ART uptake with decreased TB 
incidence in high HIV/TB settings.



TB Among Children at HIV Treatment Centers 

recommends that HIV-infected children and adoles-
cents start ART as soon as possible and within <8 
weeks of beginning TB treatment (18). Recent evi-
dence derived from the same multinational cohort 
demonstrates that this recommendation was poorly 
implemented; only 46% of ART-naive children began 
treatment within <8 weeks of starting TB treatment. 
However, when implemented successfully, this mea-
sure was associated with favorable TB treatment out-
comes (64% vs. 40%; p = 0.04) (15).

Data regarding TB incidence, management, and 
outcomes among HIV-infected children and ado-
lescents are mostly sourced from single healthcare 
centers, limiting their generalizability. We analyzed 
these variables in the largest reported multinational 
study of TB in HIV-infected children and adolescents 
in countries in sub-Saharan Africa.

Materials and Methods

Strengthening the Reporting of Observational  
Studies in Epidemiology Statement
This study was conducted in accordance with the 
Strengthening the Reporting of Observational Stud-
ies in Epidemiology guidelines (19). Our primary ob-
jectives were to estimate longitudinal TB incidence 
within the context of increasing ART coverage and 
identify risk factors for death from TB in HIV-infected 
children and adolescents in various stages of ART.

Participants
We examined TB outcomes of HIV-infected children 
and adolescents receiving care at 7 treatment centers 
(Centers of Excellence; COEs) within the Baylor Inter-
national Pediatric AIDS Initiative at Texas Children’s 
Hospital network, spanning 6 countries: Botswana, 
Swaziland, Lesotho, Malawi, Tanzania (locations in 
Mbeya and Mwanza), and Uganda. To avoid sam-
pling bias, we included data from all children receiv-
ing care during from January 2013 through June 2017.

Outcomes of Interest
We used TB case and outcome definitions from WHO 
(20) (Appendix Table 1, https://wwwnc.cdc.gov/
EID/article/26/12/20-2245-App1.pdf). We catego-
rized TB outcomes as favorable (cured or treatment 
completed), unfavorable (death), lost to follow-up 
(LTFU), or transferred out of the COE.

Data Extraction
We analayzed data from Janaury 2013 through June 
2017 from the electronic medical records of HIV-in-
fected children and adolescents <19 years of age. The 

deidentified data from the 7 COEs enables follow-up 
of individual patients for longitudinal analysis.

The duration of each COE’s study period de-
pended on when that COE began collecting TB data 
using electronic medical records. Data collection be-
gan in 2013 at all COEs (except for Malawi, which be-
gan data collection in 2016) and continued through 
June 2017.

Statistical Approach
We calculated the annual TB incidence for all HIV-
infected children and adolescents at each COE. We 
modeled the TB incidence as a function of time, ART 
uptake, and COE. We included a random intercept 
for the COE, enabling us to visualize how ART up-
take varied by COE and by year. We ran this model 
under a Bayesian framework using R with the library 
brms (21). We used a similar Bayesian mixed-effect 
model to determine association between isoniazid 
preventive therapy (IPT) use and TB incidence (22). 
Data on IPT use were available from 4 COEs: Swa-
ziland, Tanzania-Mbeya, Tanzania-Mwanza, and 
Uganda. We considered children to be eligible for IPT 
if they were >12 months of age and had not previ-
ously received IPT.

We examined variables in bivariate analysis if 
>75% of data were available. We excluded some vari-
ables, such as specific anthropometrics (e.g., height, 
mid-upper arm circumference) and Mycobacterium bo-
vis BCG vaccination status because of missing data. 
We considered CD4 values and viral loads if mea-
sured <60 days before or after the analytic baseline. 
For bivariate analysis, we used a χ2 test for categorical 
independent variables and a Wilcoxon rank-sum test 
for continuous independent variables. We used mul-
tinomial logistic regression to study the univariate as-
sociation between age and outcome. To relax the as-
sumption of age having a constant effect on outcome, 
we modeled age using natural cubic splines, using the 
splines package in R, with 3 knots at equally spaced 
quantiles. To determine age-related risk for death 
we calculated the instantaneous rate of change using 
the method of finite differences.

We used an adaptive lasso logistic regression 
model to examine the association between TB out-
come and 13 independent variables (23). Adaptive 
lasso normalizes coefficients; therefore, no reference 
level is preselected. Instead, the model minimizes 
the influence of coefficients unassociated with the 
outcome; these coefficients set the reference levels 
for the remaining coefficients. We selected the penal-
ty parameter to minimize deviance using leave-one-
out cross-validation; we used the selected penalty to 
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fit the final model. We included risk factors that we 
hypothesized, a priori, would affect TB outcomes 
(Appendix Table 2). We conducted the adaptive 
lasso procedure using library glmnet in R (23) and 
postselection inference of the selected coefficients 
using library selective Inference, also in R (24). We 
developed 3 models to examine associations with 
favorable outcomes (cure or treatment completion) 
against death. We examined the outcome within all 
participants, participants on ART at time of TB diag-
nosis, and participants not on ART at diagnosis. We 
conducted sensitivity analyses of HIV-infected chil-
dren and adolescents who were LTFU or died. We 
developed additional models evaluating outcomes 
categorized by WHO as favorable (cure or treatment 
completion) or unfavorable (death, LTFU, or not 
evaluated/transferred out) (Appendix Tables 3–5).

Ethics Statement
All clinical investigation supporting the data han-
dling, analysis, and reporting of these findings was 
conducted according to the principles expressed in 
the Declaration of Helsinki. Approval was obtained 
from all necessary ethics bodies in each country (i.e., 
the Baylor College of Medicine Children’s Founda-
tion or Trust, the national ethics committee in each 
country, and the Baylor College of Medicine Institu-
tional Review Board).

Results

TB Incidence 
We analyzed data on 1,160 HIV-infected children and 
adolescents in whom TB was diagnosed during the 
study period, which encompassed 57,525 patient-
years. During the 4-year study period, overall TB in-
cidence was 2,017 cases/100,000 patient-years (range 
454 cases/100,000 patient-years in Botswana to 4,385 
cases/100,000 patient-years in Tanzania-Mwanza). 
These incidences were substantially higher than those 
estimated by WHO for the general populations of the 
respective countries (Table 1).

The age distribution of the cohort was similar 
across sites. TB incidence was highest among infants 
and children <5 years of age but was elevated among 
school-aged children, a trend that persisted into early 
and late adolescence (Figure 1). Increasing age was as-
sociated with more favorable outcomes. Children <7 
years of age had a higher risk for death than school-
aged children (i.e. 8–10 years of age) and adolescents 
(i.e., 11–19 years of age) (Figure 2, panels A, B). Of 
patients receiving TB treatment, 32% had TB infection 
confirmed by bacteriologic testing, usually GeneXpert 
(Cepheid, https://www.cepheid.com); this percent-
age excludes children at the Lesotho COE because it 
had incomplete data. Confirmation rates ranged from 
24% for infants and children <2 years of age to 51% for 
adolescents 10–19 years of age.

Throughout the study, rates of ART adminis-
tration increased and the prevalence of TB declined 
at most sites (Figure 3, panels A, B). For every 10% 
increase in the number of HIV-infected children 
and adolescents who received ART, the overall 
prevalence of TB in the clinical network decreased 
2.33% (95% credible interval 0.58%–4.4%) (Figure 3, 
panel C).

We also observed an increase in the number of 
eligible children starting IPT. Average rates of IPT 
use across all COEs increased from 8.68% in 2014 to 
27.5% in 2017. When we limited our analysis to the 4 
COEs with available IPT data, we observed no effect 
on TB prevalence (0.4% increase, 95% credible inter-
val –0.3% to 1.0%) associated with each 10% increase 
in the number of HIV-infected children and adoles-
cents receiving IPT.

TB Outcomes and Risk Factor Analysis
Most children and adolescents had favorable out-
comes: across all sites, 75% (95% CI 67%–87%) of 
patients, including those who were LTFU or had 
transferred out, had favorable outcomes (Table 2). 
On average, children with favorable TB outcomes 
had received care at the clinics nearly a year longer 
than children who died (p<0.01). Ten percent (95% 
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Table 1. Comparison of country-specific incidence of HIV-associated TB, 2013–2017* 

Country 

TB incidence 
no. per 100,000 patient-

years (95% CI) 

WHO 2017 country estimates, 
 no. per 100,000 persons (95% CI) 

TB incidence/WHO 2017 
TB country estimate 

fold difference TB HIV-associated TB 
Botswana 454 (299–608) 300 (232–376) 144 (93–206) 1.5 
Eswatini 2,612 (2,205–3,020) 308 (236–389) 213 (138–304) 8.5 
Lesotho 3,762 (3,376–4,148) 665 (430–949) 470 (298–680) 5.6 
Malawi 1,159 (791–1,528) 131 (70–210) 65 (42–93) 8.8 
Tanzania-Mwanza 4,385 (3,747–5,024) 269 (127–464) 84 (54–120) 16.3 
Tanzania-Mbeya 3,995 (3,498–4,492) 269 (127–464) 84 (54–120) 14.8 
Uganda 656 (546–766) 201 (118–305) 80 (52–114) 3.2 
*Incidence reflects the estimated new cases of TB disease among HIV-infected children and adolescents at each HIV treatment center. TB, tuberculosis; 
WHO, World Health Organization. 
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CI 5%–15%) of HIV-infected children and adoles-
cents with TB died. If we assumed all HIV-infected 
children and adolescents who were LTFU died, the 
death ratio would increase to 13% (95% CI 6%–20%).

We used bivariate analysis to identify factors 

associated with TB outcome (Table 2). Extrapulmo-
nary disease increased the odds of death (p<0.01). 
The death ratio for patients who had previously 
been treated for TB was similar to the death ratio for  
patients who had not, even if we assumed all patients 
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Figure 1. Incidence of tuberculosis (TB) among HIV-infected children and adolescents, 2013–2017. The age at start of TB treatment is 
plotted as a smoothed line and histogram against the probability of TB diagnosis on the basis of the prevalence of that age within the 
overall cohort of HIV-infected children and adolescents. The data are presented combined and stratified by HIV treatment center.

Figure 2. Probabilities of specific outcomes for TB in HIV-infected children and adolescents, 2013–2017. A) Probability (with 95% CIs) 
of outcomes stratified by age at start of TB treatment. B) Instantaneous odds ratios for death at each age. The odds ratio reflects the 
change in odds of death according to age at start of TB treatment. LTFU-TO, lost to follow-up or transferred out; TB, tuberculosis.
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who were LTFU died. HIV-infected children and ado-
lescents who had engaged in facility-based HIV care 
for more time were more likely to have favorable out-
comes (p<0.01).

HIV-infected children and adolescents who never 
started ART were less likely than those in all other 
groups to have a favorable outcome (Figure 4, panel 
A). HIV-infected children and adolescents who began 
ART during the 6 months before the start of their TB 
treatment had the highest death ratio (14%); children 
who had never been on ART but began it within 8 
weeks of TB diagnosis had the lowest death ratio 
(8%). Immune status was highly predictive of death 

(Figure 4, panel B). HIV-infected children and ado-
lescents with severe immunosuppression had >5-fold 
increased odds of death compared with those with-
out immune suppression (16% vs. 3%; p<0.01); we de-
fined severe immunosuppression as a CD4 percent-
age of <25% in children <5 years of age or CD4 count 
<200 cells/mm3 in children >5 years of age.

We developed 3 multivariate models to compre-
hensively examine associations with favorable out-
comes against death, considering a patient’s history 
of ART. The model comparing all 1,029 patients con-
sidered 11 factors (Table 3). This model demonstrated 
the influence of immune status at the time of TB diag-
nosis, showing that HIV-infected children and adoles-
cents without immune suppression (CD4 percentage 
>30% in children <5 years of age or CD4 count >350 
cells/mm3 in children >5 years of age) at TB diagno-
sis had a 58% lower odds of death (odds ratio [OR] 
0.42 [95% CI 0.13–0.94]; p = 0.04) than children with 
advanced immune suppression. In addition, patients 
who had never been on ART but received it <8 weeks 
after TB diagnosis had a 59% lower odds of death than 
those who received ART >8 weeks after TB diagnosis 
(OR 0.41 [95% CI 0.14–0.60]; p<0.01). The multivari-
ate analysis did not demonstrate an increased odds of 
death for HIV-infected children and adolescents who 
started ART in the 6 months before TB diagnosis.

The model comparing the 597 patients who had 
received ART before TB diagnosis considered 13 
factors (Table 4). Children with severe immunosup-
pression at TB diagnosis had a 4 times higher odds 
of death than children with advanced immune sup-
pression (OR 4.29 [95% CI 1.23–29.28]; p = 0.03). A 
patient’s odds of death increased with each advance 
in WHO stage at TB diagnosis (OR 2.18 [95% CI 1.91–
5.98]; p<0.01).

The final model of patients who had never re-
ceived ART, prior to TB diagnosis, comprised 391 pa-
tients with favorable outcomes and 41 patients who 
died; this model was intractable and did not con-
verge. Results evaluating associations with program-
matic outcomes were similar to the results described 
in the previous paragraphs (Appendix Tables 3–5).

Discussion
TB is the leading cause of death in HIV-infected 
persons (2). This multicountry study of TB in HIV-
infected children and adolescents revealed high TB 
incidences that greatly exceeded estimated popula-
tion level TB incidences of all individual countries 
represented by the cohort. Consistent with recent sys-
tematic reviews and meta-analyses (7), our evidence 
demonstrates that although ART significantly reduc-
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Figure 3. ART use and TB prevalence in HIV-infected children and 
adolescents, 2013–2017. A) Annual percentage of the cohort at 
each HIV treatment center receiving ART. B) Annual percentage of 
the cohort at each treatment center in whom TB was diagnosed. 
C) Declining TB prevalence with increase in ART uptake, 
averaged across all treatment centers in the study period. ART, 
antiretroviral therapy; TB, tuberculosis.
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es the prevalence of TB in HIV-infected children and 
adolescents, the risk for TB remains elevated even 
among a population with excellent ART coverage. TB-
related deaths decreased in adults during 1996–2011, 
when ART use increased in various countries (25). Al-
though we cannot ascribe causality between increas-
ing ART coverage and declining TB prevalence, this 
association is notable given the very high initial ART 
coverage in our study. Increasing ART uptake >90% 
was associated with ongoing declines in TB incidence, 
suggesting that the Joint United Nations Programme 
on HIV/AIDS 95-95-95 targets for HIV might also re-
duce TB incidence. Likewise, HIV-infected children 
and adolescents with favorable TB outcomes had 
received care for nearly a year longer, on average, 
than children who died. These findings highlight the  

importance of early HIV diagnosis, prompt treat-
ment, and patient retention in HIV-infected children 
and adolescents.

Of HIV-infected children and adolescents with 
TB, 32% had a confirmed TB diagnosis; the rate of 
TB confirmation increased with age. This high rate of 
disease confirmation is consistent with prior studies, 
which have found that HIV infection does not signifi-
cantly reduce the likelihood of disease confirmation 
in children (26–28). However, other multinational 
cohorts have reported lower rates of disease confir-
mation in HIV-infected children and adolescents, a 
discrepancy that might reflect the greater testing ca-
pacity at the COEs (15). Most HIV clinics treating chil-
dren in sub-Saharan Africa do not have the capacity 
to collect TB specimens in children (29). Confirmatory 
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Table 2. Bivariate analysis of associations with TB treatment outcomes in HIV-infected children and adolescents, 2013–2017* 

Variable 

Outcome  
 

p value† Total 
Completed TB 

treatment or cured Died 
Lost to follow up or 

transferred out 
Sex 

    
0.98 

 F 591 (50.95) 438 (51.11) 61 (50.41) 92 (50.55) 
 

 M 569 (49.05) 419 (48.89) 60 (49.59) 90 (49.45) 
 

HIV treatment center 
    

<0.01 
 Botswana 33 (2.84) 31 (3.62) 0 2 (1.10) 

 

 Eswatini 365 (32.39) 302 (35.24) 15 (12.40) 48 (26.37) 
 

 Lesotho 38 (4.99) 33 (3.85) 3 (2.48) 2 (1.10) 
 

 Malawi 158 (13.62) 134 (15.64) 15 (12.40) 9 (4.95) 
 

 Tanzania–Mbeya 248 (21.38) 160 (18.67) 41 (33.88) 47 (25.82) 
 

 Tanzania–Mwanza 181 (15.60) 106 (12.37) 18 (14.88) 57 (31.32) 
 

 Uganda 137 (11.81) 91 (10.62) 29 (23.97) 17 (9.34) 
 

Site of TB 
    

<0.01 
 Pulmonary TB 997 (88.39) 760 (90.15) 87 (78.38) 150 (86.21) 

 

 Extrapulmonary TB 131 (11.61) 83 (9.85) 24 (21.62) 24 (13.79) 
 

TB treatment category 
    

0.08 
 Newly treated TB patient 1,007 (90.56) 764 (91.50) 96 (91.43) 147 (85.47) 

 

 Previously treated TB patient 105 (9.44) 71 (8.50) 9 (8.57) 25 (14.53) 
 

TB drug resistance testing 
    

<0.01 
 Not tested 837 (75.61) 612 (73.38) 82 (78.10) 143 (90.51) 

 

 Not detected 258 (23.31) 220 (26.38) 23 (21.70) 15 (9.04) 
 

 Mono-resistance detected 6 (0.54) 2 (0.24) 1 (0.94) 3 (1.81) 
 

 Multidrug-resistance detected 6 (0.54) 0 0 5 (3.01) 
 

ART regimen at start of TB treatment 
    

0.41 
 Efavirenz-based 225 (40.61) 177 (42.34) 20 (31.75) 28 (38.36) 

 

 Nevirapine-based 166 (29.96) 130 (31.10) 16 (25.40) 20 (27.40) 
 

 Lopinavir-based 134 (24.19) 91 (21.77) 23 (36.51) 20 (27.40) 
 

 Atazanavir-based 17 (3.07) 12 (2.87) 3 (4.76) 2 (2.74) 
 

 Other 9 (1.62) 6 (1.44) 1 (1.59) 2 (2.74) 
 

 Azidothymidine + lamivudine + abacavir 3 (0.54) 2 (0.48) 0 1 (1.37) 
 

ART relative to start of TB treatment 
    

<0.01 
 On ART >6 mos 421 (34.59) 327 (36.01) 42 (34.71) 52 (27.66) 

 

 On ART <8 wks after TB treatment 396 (32.54) 315 (34.69) 26 (21.49) 55 (29.26) 
 

 On ART <6 mos 276 (22.68) 190 (20.93) 38 (31.40) 48 (25.53) 
 

 Never started ART 97 (7.97) 58 (6.39) 12 (9.92) 27 (14.36) 
 

 On ART >8 wks after TB treatment 27 (2.22) 18 (1.98) 3 (2.48) 6 (3.19) 
 

Immune status at start of TB treatment 
   

<0.01 
 Nonadvanced 468 (55.19) 387 (58.46) 15 (22.73) 66 (55.00) 

 

 Severe 252 (29.72) 174 (26.28) 41 (62.12) 37 (30.83) 
 

 Advanced 128 (15.09) 101 (15.26) 10 (15.15) 17 (14.17) 
 

Mean time receiving care before TB diagnosis, d  635.5 363.3 342 <0.01 
Mean time on ART before TB diagnosis, d 697.6 624 508.6 0.12 
*Values are no (%) except as indicated. ART, antiretroviral therapy; TB, tuberculosis. 
†2 test. 
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diagnostic testing remains a challenge more broadly 
across low and middle-income countries in sub-Saha-
ran Africa; furthermore, current testing strategies are 
invasive and extremely uncomfortable, necessitating 
the development of child-friendly diagnostic tools.

Within the cohort, HIV-infected children and 
adolescents <5 years of age had the greatest risk for 
TB, a finding consistent with existing literature (14). 
Likewise, children in this age range were more like-
ly to die (4). However, TB incidence did not decline 
significantly among school-age children <10 years of 
age, an age group in HIV-negative cohorts that has a 
significantly reduced risk for TB (30). This analysis, 
like others (31), suggests that HIV reduces the protec-
tive effect of age on TB risk.

Overall, 75% of HIV-infected children and ado-
lescents in this cohort had favorable treatment out-
comes, whereas 10% died. Existing literature esti-
mates that in sub-Saharan Africa, 16% of HIV-infected 

children and adolescents who are LTFU die, regard-
less of TB status (32). Because 4% of patients in our 
study were LTFU, the death rate of our cohort might 
be closer to 10%–13%. Recent evidence estimates a cu-
mulative all-cause death rate of 3% at 3 months, 5% at 
6 months, 6% at 12 months, and 7% at 24 months after 
ART initiation in HIV-infected children and adoles-
cents in sub-Saharan Africa (33).

Approximately 60% of HIV-infected children 
and adolescents have severe immunosuppression at 
TB diagnosis (13). In contrast, 33% of children in this 
cohort had advanced or severe immunosuppression 
at TB diagnosis. Severe immunosuppression was as-
sociated with up to a 4-fold higher risk for death than 
advanced immunosuppression. Similarly, advanced 
WHO stage (noted before TB diagnosis) was associ-
ated with a 2-fold increased risk for death. This find-
ing highlights the need for scale-up of HIV identifi-
cation and treatment methods, such as family index 
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Figure 4. Bivariate analyses of factors 
relating to TB treatment outcome in 
HIV-infected children and adolescents, 
2013–2017. A) ART treatment 
category: received ART >6 months 
or <6 months before TB diagnosis 
or started on ART <2 months or >2 
months after TB diagnosis. B) Immune 
status. Advanced immunosuppression 
was define as a CD4 percentage of 
<25% in children <5 years of age or 
CD4 count <200 cells/mm3 in children 
>5 years of age. ART, antiretroviral 
therapy; TB, tuberculosis.

 
Table 3. Predictors of favorable TB outcomes against death in HIV-infected children and adolescents, 2013–2017 
Variable Odds ratio (95% CI) p value 
Country   
 Swaziland, Lesotho, Malawi, Tanzania-Mbeya, Tanzania-Mwanza, and Uganda Referent  
 Botswana 0.09 (0.00–22.83) 0.1811 
TB drug resistance   
 Not tested, multidrug resistance, and not detected Referent  
 Monoresistance 18.11 (0.00–31,381.00) 0.4642 
ART category   
 On ART >6 mos before TB treatment, on ART <6 mos before TB treatment,  
 and on ART >8 wks after starting TB treatment 

Referent  

 Never on ART 3.38 (0.21–20.02) 0.2168 
 On ART <8 wks after TB treatment 0.41 (0.14–0.60) 0.0051† 
Immune status   
 Advanced Referent  
 Not advanced 0.42 (0.13–0.94) 0.0412† 
 Severe 1.88 (0.70–4.80) 0.1233 
Each increasing WHO stage 3.64 (2.50–7.17) <0.001‡ 
*Variables included were sex, COE, site of TB, TB treatment category, TB drug resistance, age at ATT initiation, days in care at COE, immune status, 
ART TB days, ART category, and World Health Organization stage; all elements under each variable are described in Table 2. Variables excluded were 
ART regimen pre-ATT initiation, and total ART drugs pre-ATT treatment. ART, antiretroviral therapy; ATT, anti-TB therapy; COE, Center of Excellence; 
TB, tuberculosis. 
†Significant result (p<0.05). 
‡Significant result (p<0.01). 
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testing, provider-initiated testing and counseling, 
Test and Start models (10), and prompt ART initia-
tion. Public health officials must further evaluate the 
care of children and adolescents with advanced HIV 
to develop strategies that promote survival (34).

The bivariate and multivariate analyses dem-
onstrate a dramatic reduction of death in children 
who started ART within <8 weeks after TB diagno-
sis. Multivariate analysis shows that starting ART 
within <8 weeks after beginning TB treatment was 
associated with a 59% reduction in death compared 
with children on ART before their TB diagnosis or 
beginning it >8 weeks after starting TB treatment. 
Furthermore, children who never initiated ART 
had a >3 times higher risk for death than those 
who were on ART before their TB diagnosis or 
began ART >8 weeks after starting TB treatment. 
We need more data to ascertain whether ART can 
further reduce HIV-associated TB death in children 
when initiated within <2 weeks after TB treatment. 
Most HIV-infected children and adolescents with 
TB have paucibacillary disease, which can inhibit 
confirmatory TB testing and might reduce chil-
dren’s risk for immune reconstitution syndrome 
after starting ART. Furthermore, children have 
lower risk for adverse reactions to TB treatment 
and ART than adults. Thus, early simultaneous ini-
tiation of ART and TB treatment might be a safer 
treatment strategy in children. Starting ART at the 
same time as TB treatment might reduce the num-
ber of HIV-infected children and adolescents with 
TB who are LTFU before starting ART. This prom-
ising treatment strategy should be evaluated in  
controlled studies.

Among HIV-infected children and adolescents 
who were not on ART at TB diagnosis, 85% started 
ART within <8 weeks of beginning TB treatment, 
confirming that this intervention is attainable in a 
setting with high HIV/TB prevalence. Children who 
started ART <8 weeks after TB treatment had the 

lowest odds of death, even lower than those of chil-
dren on ART at TB diagnosis. We hypothesize that 
many children who develop TB while on ART are 
not virologically surpressed and are therefore more 
likely to die from this disease. The bivariate analy-
sis, but not the multivariate analysis, indicated an 
increased odds of death among children who began 
ART <6 months before TB diagnosis. This finding 
suggests that HIV-infected children and adolescents 
with unmasking TB-immune reconstitution syn-
drome, an exaggerated inflammatory manifestation  
of TB during early ART, might have an increased 
odds of death. Prospective studies evaluating time 
from TB diagnosis to ART initiation has benefitted 
the treatment of adults with HIV (35). Similar pro-
spective trials are needed to inform treatment of 
HIV-infected children and adolescents.

This study has some limitations. Because we 
used data from clinical settings, missing data pre-
cluded analysis of some variables. Nevertheless, this 
evidence is representative of well-managed clinics in 
countries in sub-Saharan Africa with consistent access 
to diagnostic technology and ART medications. We 
identified an association between ART and TB preva-
lence but cumulative IPT coverage also increased over 
time across a subset of COEs. We did not observe an 
association between IPT uptake and TB prevalence. 
This lack of association might have been caused by 
sample size limitations, inconsistent IPT availabil-
ity, or heterogeneity of IPT guidelines; therefore, we 
cannot draw strong conclusions about the effects of 
IPT on TB prevalence. Because only a subset of COEs 
provided data on IPT, we did not include it in the TB 
outcomes models. We could not compare annual in-
cidence of TB at the clinic level with national trends 
because of recent changes in WHO’s estimation meth-
ods (36). Last, as with all retrospective analysis, the 
possibility exists for inaccurate entry of clinical data. 
We attempted to limit this source of error through 
manual data checks.
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Table 4. Predictors of favorable TB outcomes against death in HIV-infected children and adolescents on ART at TB diagnosis,  
2013–2017 
Variable Odds ratio (95% CI) p value 
Country    
 Swaziland, Lesotho, Malawi, Tanzania-Mbeya, Tanzania-Mwanza, and Uganda Referent  
 Botswana 0.22 (0.01–1.90) 0.0858 
TB drug resistance   
 Not tested, multidrug resistance, not detected Referent  
 Mono INH resistance 23.64 (0.00–28,630.46) 0.3917 
Immune status   
 Advanced Referent  
 Not advanced 0.59 (0.12–5.17) 0.2767 
 Severe 4.29 (1.23–29.28) 0.0294* 
Each increasing WHO stage 2.18 (1.91–5.98) 0.001* 
*Significant result (p<0.05) 
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The strong association between immune suppres-
sion at TB diagnosis and death highlights the impor-
tance of early TB case detection and ART initiation 
among HIV-infected children and adolescents. Further-
more, we found a strong association between favorable 
TB outcome and increased length of time in care. These 
associations emphasize the importance of early HIV 
case detection and prompt ART initiation. Finally, we 
found an association between increased ART coverage 
and decreased TB incidence, as well as ART initiation 
within <8 weeks after starting TB treatment and favor-
able outcomes. Collectively, these findings support the 
continued need to promote policies and implement 
practices that fully integrate optimal HIV and TB treat-
ment in countries with high burdens of these diseases.
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Appendix Table 1. World Health Organization 2013 tuberculosis case definitions 
Term Definition 
Bacteriologically 
confirmed 

A bacteriologically confirmed tuberculosis (TB) case is one from whom a biological specimen is positive by 
smear microscopy, culture or World Health Organization Recommended Diagnostic (such as Xpert 
MTB/RIF). All such cases should be notified, regardless of whether TB treatment has started. 

Clinically 
diagnosed 

A clinically diagnosed TB case is one who does not fulfill the criteria for bacteriological confirmation but has 
been diagnosed with active TB by a clinician or other medical practitioner who has decided to give the 
patient a full course of TB treatment. 

Additional 
classifications 

Bacteriologically confirmed or clinically diagnosed cases of TB are also classified according to: i) anatomical 
site of disease; ii) history of previous treatment; iii) drug resistance; iv) HIV status. 

Site of disease Pulmonary tuberculosis refers to any bacteriologically confirmed or clinically diagnosed case of TB involving 
the lung parenchyma or the tracheobronchial tree. Miliary TB is classified as pulmonary TB because there 
are lesions in the lungs. Tuberculous intrathoracic lymphadenopathy (mediastinal and/or hilar) or 
tuberculous pleural effusion, without radiographic abnormalities in the lungs, constitutes a case of 
extrapulmonary TB. A patient with both pulmonary and extrapulmonary TB should be classified as a case of 
pulmonary TB. Extrapulmonary tuberculosis refers to any bacteriologically confirmed or clinically diagnosed 
case of TB involving organs other than the lungs, e.g. pleura, lymph nodes, abdomen, genitourinary tract, 
skin, joints and bones, meninges. 

New TB patients New patients have never been treated for TB or have taken TB drugs for <1 month. 
Previous 
treatment 

Classifications on the basis on history of previous TB treatment are slightly different from those previously 
published. They focus only on history of previous treatment and are independent of bacteriological 
confirmation or site of disease. New patients have never been treated for TB or have taken TB drugs for <1 
month. Previously treated patients have received >1 month of TB drugs in the past. 

HIV status HIV-positive TB patient refers to any bacteriologically confirmed or clinically diagnosed case of TB who has 
a positive result from HIV testing conducted at the time of TB diagnosis or other documented evidence of 
enrolment in HIV care, such as enrollment in the pre-antiretroviral therapy (ART) register or in the ART 
register once ART has been started. HIV-negative TB patient refers to any bacteriologically confirmed or 
clinically diagnosed case of TB who has a negative result from HIV testing conducted at the time of TB 
diagnosis. Any HIV-negative TB patient subsequently found to be HIV-positive should be reclassified 
accordingly. An HIV status unknown TB patient refers to any bacteriologically confirmed or clinically 
diagnosed case of TB who has no result of HIV testing and no other documented evidence of enrollment in 
HIV care. If the patient’s HIV status is subsequently determined, he or she should be reclassified 
accordingly. 

Drug resistance Cases are classified in categories on the basis of drug susceptibility testing of clinical isolates confirmed to 
be Mycobacterium tuberculosis: i) Monoresistance: resistance to one first-line TB drug only; ii) Polydrug 
resistance: resistance to >1 first-line TB drug (other than both isoniazid and rifampicin); iii) Multidrug 
resistance: resistance to at least both isoniazid and rifampicin; iv) Extensive drug resistance: resistance to 
any fluoroquinolone and to >1 of 3 second-line injectable drugs (capreomycin, kanamycin and amikain), in 
addition to multidrug resistance. 

Cured A pulmonary TB patient with bacteriologically confirmed TB at the beginning of treatment who was smear- or 
culture-negative in the last month of treatment and on >1 previous occasion. 

Treatment 
completed 

A TB patient who completed treatment without evidence of failure but with no record to show that sputum 
smear or culture results in the last month of treatment and on >1 previous occasion were negative, either 
because tests were not done or because results are unavailable. 

Treatment 
failed 

A TB patient whose sputum smear or culture is positive at month 5 or later during treatment. 

Died A TB patient who dies for any reason before starting or during the course of treatment. 
Lost to follow-up A TB patient who did not start treatment or whose treatment was interrupted for >2 consecutive months. 
Not evaluated A TB patient for whom no treatment outcome is assigned. This includes cases “transferred out” to another 

treatment unit as well as cases for whom the treatment outcome is unknown to the reporting unit. 
 

https://doi.org/10.3201/eid2612.202245


 

Page 2 of 4 

Appendix Table 2. Factors analyzed with respect to TB biologic and programmatic outcomes* 
Factor  Variable type Definition(s) 
Sex Categorical F 

M 
COE Categorical Botswana 

Swaziland 
Lesotho 
Malawi 
Tanzania-Mbeya 
Tanzania-Mwanza 
Uganda 

Site of TB Categorical Pulmonary TB 
Extrapulmonary TB 

TB diagnostic category Categorical Bacteriologically confirmed TB 
Unconfirmed (clinically diagnosed) TB 

TB treatment category Categorical Newly treated TB patient 
Previously treated TB patient 

Age at start of TB treatment Continuous Years 
Calendar days in care at COE (at start of TB 
treatment) 

Continuous Days 

Calendar days between ART initiation and start of 
TB treatment 

Continuous Days 

TB drug resistance (considers all test available to 
COE clinicians) 

Categorical Not tested 
Not detected 
Mono-resistance 
Multidrug-resistance 

ART regimen at start of TB treatment Categorical Efavirenz-based 
Nevirapine-based 
Lopinavir-based 
Atazanavir-based 
Other 
Azidothymidine + Lamivudine + Abacavir  

Total ART drugs used before starting TB treatment Continuous Number of different individual ART drugs patient has 
been exposed to during care and treatment 

World Health Organization clinical stage before TB 
diagnosis 

Categorical I and II combined 
III 
IV 

ART timeline relative to start of TB treatment Categorical Received ART for >6 mo before starting TB 
treatment 
Initiated ART <2 mo of starting TB treatment 
Received ART for <6 mo before starting TB 
treatment 
Never initiated ART 
Initiated ART >2 mo after starting TB treatment 

Immune status at start of TB treatment† Categorical Children <5 y of age 
Nonadvanced = CD4 >30% 
Severe = CD4 <25% 
Advanced = CD4 <30% 

Children ≥ 5 y of age 
Nonadvanced = CD4 count >350 
cells/mm3 
Severe = CD4 count <200 cells/mm3 
Advanced = CD4 count 200–350 
cells/mm3 

*ART, antiretroviral therapy; COE, Center of Excellence; TB, tuberculosis. 
†Derived by the average of the past 2 CD4 absolute count or CD4 percentages (whichever applicable according to age) before starting TB treatment. 
If this data was missing, the value was derived by the first CD4 absolute count or CD4 percentage <60 days before or after starting TB treatment. 
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Appendix Table 3. Predictors of TB outcome of HIV-infected children and adolescents, 2013–2017*  
Variable Odds Ratio (95% CI) p value 
Country 

  

Swaziland and Uganda 1 (NA) NA 
Botswana 0.34 (0.08–1.61) 0.11 
Lesotho 1.34 (0.52–3.31) 0.22 
Malawi 0.76 (0.23–333.33) 0.67 
Tanzania-Mbeya 0.73 (0.40–2.64) 0.34 
Tanzania-Mwanza 2.09 (1.31–3.98) 0.01† 

TB treatment category 
  

Previously treated 1 (NA) NA 
Newly treated TB patient 0.44 (0.22–0.70) 0.01‡ 

TB drug resistance 
  

Not tested 1 (NA) NA 
Mono resistance 10.42 (0.00–59855.52) 0.66 
Multidrug resistance 312.99 (0.00–33460573.72) 0.34 
Not detected 0.52 (0.29–0.84) 0.02‡ 

ART category) 
  

On ART >6 mo after starting TB treatment 1 (NA) NA 
Never on ART 15.98 (4.55–70.81) <0.01† 
On ART ≤2 mo after starting TB treatment 0.67 (0.25–1.25) 0.12 
On ART ≤6 mo before starting TB treatment 1.13 (0.24–2.00) 0.50 
On ART >2 mo after starting TB treatment 2.03 (0.52–60.01) 0.17 

Immune status 
  

Nonadvanced and advanced 1 (NA) NA 
Severe 1.84 (1.39–2.97) <0.01† 

Each increasing World Health Organization stage 2.21 (1.74–3.39) <0.01† 
*Favorable outcomes defined as cure or completion and unfavorable as death, lost to follow-up or not evaluated ART, antiretroviral therapy; TB, 
tuberculosis. 
†statistically significant association with unfavorable treatment outcome 
‡statistically significant association with favorable treatment outcome 

 
 
 
 
 
Appendix Table 4. Predictors of TB outcome among HIV-infected children and adolescents on ART at TB diagnosis, 2013–2017* 
Variable Odds Ratio (95% CI) p value 
Country   
 Swaziland, Lesotho, Malawi, Uganda 1 (NA) NA 
 Botswana 0.24 (0.03–1.05) 0.0531 
 Tanzania-Mbeya 0.59 (0.19–2.02) 0.1759 
 Tanzania-Mwanza 4.04 (2.40–8.97) 0† 
TB treatment category   
 Previously treated patients 1 (NA) NA 
 Newly treated TB patients 0.40 (0.11–0.57) 0.0035‡ 
TB drug resistance   
 Not tested, not detected 1 (NA) NA 
 Mono resistance 1.69 (0.00–44.34) 0.8704 
 Multidrug resistance 319.65 (0.00–8229767.53) 0.2522 
ART regimen before starting TB treatment   
 Efavirenz, Lopinavir, Nevirapine 1 (NA) NA 
 Azidothymidine + Lamivudine + Abacavir 0.15 (0.00–2223.87) 0.4454 
 Atazanavir/ritonavir 0.42 (0.05–6.48) 0.2286 
 Other 3.63 (0.68–19.70) 0.0871 
Immune status   
 Nonadvanced, advanced 1 (NA) NA 
 Severe 3.81 (2.66–9.50) 0† 
Each increasing World Health Organization stage 1.72 (1.39–3.04) 0.0028† 
*Favorable outcomes defined as cure or completion and unfavorable as death, lost to follow-up, or not evaluated. ART, antiretroviral therapy; TB, 
tuberculosis. 
†statistically significant association with unfavorable treatment outcome 
‡statistically significant association with favorable treatment outcome 
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Appendix Table 5. Predictors of TB outcome among HIV-infected children and adolescents who had never taken ART, 2013–2017* 
Variable Odds Ratio (95% CI) p value 
Country   
 Lesotho, Malawi, Tanzania-Mbeya, Tanzania-Mwanza, Uganda 1 (NA) NA 
 Botswana 0.17 (0.00–10000.00) 0.38 
 Swaziland 0.49 (0.06–1.56) 0.11 
TB treatment category    
 Previously treated patients 1 (NA) NA 
 Newly treated TB patients 0.46 (0.08–3.17) 0.19 
Increasing age, y 0.57 (0.34–0.70) <0.01‡ 
TB drug resistance   
 Not tested, multidrug resistance, mono resistance 1 (NA) NA 
 Not detected 0.77 (0.26–10.93) 0.49 
ART category   
 Started ART >2 mo after starting TB treatment 1 (NA) NA 
 Never on ART 12.55 (12.57–66.76) <0.01† 
 Started ART<2 mo after starting TB treatment 0.35 (0.10–0.89) 0.04‡ 
Each increasing World Health Organization stage 1.25 (0.44–2.13) 0.36 
*Favorable outcomes defined as cure or completion and unfavorable as death, lost to follow-up, or not evaluated. ART, antiretroviral therapy; TB, 
tuberculosis. 
†statistically significant association with unfavorable treatment outcome 
‡statistically significant association with favorable treatment outcome 

 


