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Background. Children with human immunodeficiency virus (HIV, CWH) are at high risk of tuberculosis (TB) and face poor 
outcomes, despite antiretroviral therapy (ART). We evaluated outcomes in CWH and children not living with HIV treated for 
nonsevere TB in the SHINE trial.

Methods. SHINE was a randomized trial that enrolled children aged <16 years with smear-negative, nonsevere TB who were 
randomized to receive 4 versus 6 months of TB treatment and followed for 72 weeks. We assessed TB relapse/recurrence, mortality, 
hospitalizations, grade ≥3 adverse events by HIV status, and HIV virological suppression in CWH.

Results. Of 1204 children enrolled, 127 (11%) were CWH, of similar age (median, 3.6 years; interquartile range, 1.2, 10.3 versus 
3.5 years; 1.5, 6.9; P = .07) but more underweight (weight-for-age z score, −2.3; (3.3, −0.8 versus −1.0; −1.8, −0.2; 
P < .01) and anemic (hemoglobin, 9.5 g/dL; 8.7, 10.9 versus 11.5 g/dL; 10.4, 12.3; P < .01) compared with children without HIV. 
A total of 68 (54%) CWH were ART-naive; baseline median CD4 count was 719 cells/mm3 (241–1134), and CD4% was 16% 
(10–26). CWH were more likely to be hospitalized (adjusted odds ratio, 2.4; 1.3–4.6) and to die (adjusted hazard ratio [aHR], 
2.6; 95% confidence interval [CI], 1.2 to 5.8). HIV status, age <3 years (aHR, 6.3; 1.5, 27.3), malnutrition (aHR, 6.2; 2.4, 15.9), 
and hemoglobin <7 g/dL (aHR, 3.8; 1.3,11.5) independently predicted mortality. Among children with available viral load (VL), 
45% and 61% CWH had VL <1000 copies/mL at weeks 24 and 48, respectively. There was no difference in the effect of 
randomized treatment duration (4 versus 6 months) on TB treatment outcomes by HIV status (P for interaction = 0.42).

Conclusions. We found no evidence of a difference in TB outcomes between 4 and 6 months of treatment for CWH treated for 
nonsevere TB. Irrespective of TB treatment duration, CWH had higher rates of mortality and hospitalization than their 
counterparts without HIV.

Clinical Trials Registration. ISRCTN63579542.
Keywords. tuberculosis; children with HIV; viral suppression; mortality; adverse events.

Received 08 December 2023; editorial decision 28 March 2024; published online 9 April 2024
aA. C. and A. T. share joint senior authorship.
bStudy team members are listed in the Notes section.

Correspondence: C. Chabala, Department of Paediatrics, School of Medicine, University of 
Zambia, P.O Box 50110, Ridgeway, Lusaka, Zambia (cchabala@gmail.com).

Clinical Infectious Diseases® 2024;79(1):70–7 
© The Author(s) 2024. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distri
bution, and reproduction in any medium, provided the original work is properly cited.
https://doi.org/10.1093/cid/ciae193

Children with human immunodeficiency virus (HIV, CWH) are 
disproportionately affected by tuberculosis (TB). Annually, 
approximately 1.3 million children develop TB, resulting in 
214 000 deaths; most cases go undiagnosed and untreated 
[1, 2]. Among children and adolescents aged <15 years who 

are dying from TB, 10% have been diagnosed with HIV [3]. 
Antiretroviral therapy (ART) confers significant benefits, reduc
ing the incidence of TB in CWH [4, 5]. However, despite good 
immune recovery and viral suppression following ART initia
tion, the risk of developing TB remains higher in CWH com
pared with their counterparts without HIV [6], and ART may 
take up to 2 years to fully reach its potential for protection 
against TB [4].

Without ART, CWH have 5 times higher risk of death com
pared with their peers without HIV [5, 7, 8]. Diagnostic challenges 
hamper early identification of TB in CWH, leading to frequent 
late presentation with severe TB and advanced HIV disease, par
ticularly in high TB endemic settings [9, 10]. HIV/TB coinfection 
is associated with worse HIV treatment outcomes and is among 
several factors that contribute to virological failure in individuals 
with HIV in sub-Saharan Africa [11]. Children concurrently 
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treated for TB and HIV had 10% to 20% lower rates of viral sup
pression, with this risk persisting during the first year of ART 
treatment [12–14].

Treatment of TB in CWH is complicated by drug–drug inter
actions and overlapping toxicities between antiretroviral and 
rifampicin-based anti-TB regimens. In low- and middle-income 
countries, treatment options for children with HIV/TB are limit
ed, and rifabutin, which is frequently used in high-income 
countries to substitute rifampicin, is not available. Overlapping 
toxicities from cotreatment increase the risk of adverse events 
(AEs) that may affect adherence and TB and HIV treatment 
outcomes [15–17].

In the SHINE trial, children with nonsevere TB, randomized to 
receive shorter (4-month) or standard (6-month) treatment, were 
followed up for 72 weeks and assessed for unfavorable outcomes 
[18]. The trial found that 4 months was noninferior to the stan
dard 6 months of treatment in children with nonsevere TB [19]. 
Here, we report on clinical outcomes in CWH compared with 
children without HIV and describe HIV virological suppression 
at 24 and 48 weeks in CWH.

METHODS

Study Design and Population

The SHINE trial, a noninferiority trial, enrolled children aged 
<16 years with nonsevere TB following written informed con
sent from parents/guardians. Children of known HIV status 
with symptomatic, nonsevere, smear-negative, intrathoracic 
TB or peripheral lymphadenitis were included. Based on the 
Wiseman criteria [19, 20], nonsevere respiratory TB was de
fined as respiratory disease confined to a single lobe (opacifica
tion of <1 lobe) with none of the following on chest X ray 
(CXR): cavities, miliary disease pattern, complex pleural effu
sions, and significant airway compression. TB diagnosis was 
made by site clinicians based on clinical features, TB contact 
history, CXR findings, and mycobacterial test results.

We conducted a secondary analysis of TB treatment outcomes, 
mortality, hospitalizations, and grade ≥3AEs in CWH compared 
with children without HIV. TB treatment outcome was defined as 
unfavorable if any of the following occurred: death (all-cause), 
treatment failure, TB treatment change, restart or extension, 
TB recurrence, or loss to follow-up by 72 weeks [19]. Other 
clinical outcomes were death, hospitalization by 72 weeks, grade 
≥3 AEs during and up to 30 days after treatment, and viral sup
pression at 24 and 48 weeks in CWH. AE severity was graded 
following established criteria [21].

Study Procedures and Interventions

Eligible children with presumptive TB were screened and had a 
clinical evaluation including TB symptoms, contact history, 
and a physical examination. Details of TB evaluation and 
initiation procedures are published elsewhere [18, 19]. At 

enrollment, respiratory samples and/or lymph node aspirates 
(if clinically indicated) were obtained for smear microscopy, 
Xpert MTB/RIF (Xpert, Cepheid), and mycobacterial culture. 
CXRs were performed to inform diagnostic certainty and TB 
disease severity classification and to establish trial eligibility. 
In addition, using standard criteria [18, 22], a separate indepen
dent endpoint review committee (ERC), blinded to treatment 
allocation, reviewed clinical events suggestive of treatment fail
ure or TB recurrence and all deaths.

At enrollment, blood samples were obtained for hematology 
and chemistry in all children, and CD4 cell count and HIV-1 viral 
load (VL) testing (if it was part of the standard of care in the coun
try) were obtained for CWH. Children were seen at week 2, every 
4 weeks until week 28, and then every 3 months up to week 72. 
At each visit, clinical evaluations were performed to detect new 
AEs, treatment failures, or recurrence of TB. CD4 cell count 
was repeated at weeks 24 and 48. HIV-1 VL was repeated at 
the intervals specified by national recommendations. Acute ill
nesses, hospitalizations, and deaths were documented through
out follow-up.

Anti-TB treatment (rifampicin, isoniazid, pyrazinamide, and/ 
or ethambutol) was administered according to randomization 
arm (4 or 6 months duration) and dosed per World Health 
Organization (WHO)–recommended weight bands using fixed- 
dose combination tablets (Macleods Pharmaceuticals, India) [23].

ART was provided in accordance with WHO 2016 treatment 
guidelines [24] and respective national recommendations. ART 
included 2 nucleoside reverse-transcriptase inhibitors (lamivu
dine with abacavir, zidovudine, or tenofovir disoproxil fumarate) 
plus efavirenz (EFV) or lopinavir/ritonavir (LPV/r). For anti-TB 
cotreatment, LPV/r was superboosted (if single-formulated rito
navir was available) or the daily dose of LPV/r was doubled.

Statistical Analyses

Baseline characteristics were compared using χ2 and t tests. 
Heterogeneity of the effect of the randomized duration of treat
ment on TB outcomes assessed at the end of treatment was for
mally tested between CWH and children without HIV by 
inclusion of a treatment by HIV status interaction term in a bi
nary risk difference model. The interaction was tested by use of 
a likelihood ratio test to compare models with and without the 
interaction term, with P < .1 considered evidence of a different 
effect (4 versus 6 months) between CWH and children without 
HIV. For this comparison, we included outcomes from week 16 
onward (before week 16, treatment in the randomized groups 
was the same).

Logistic regression and Cox proportional hazards (CPH) 
models were fitted to investigate baseline predictors of clinical 
outcomes including age, sex, randomization arm, clinical sites, 
weight-for-age z score (WAZ), and TB disease characteristics in 
CWH versus children without HIV. Mortality was fitted as 
a time-to-event outcome (CPH models, summary measure 
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hazard ratio [HR]); other outcomes were fitted as binary (logis
tic regression, summary measure odds ratio [OR]). All multi
variable models included HIV status, age, country, TB 
confirmation, and randomized duration of treatment. Other 
factors found to be significant (P < .1) in the univariable model 
were also included.

In the CWH cohort, timing of ART, ART regimens, and viral 
suppression <1000 mL copies/mL at 24 and 48 weeks were 
assessed.

Ethical Considerations

The study was approved by the ethics committees and regulatory 
authorities in Zambia, Uganda, South Africa, and India and by 
the sponsor, the University College London Ethics Committee.

RESULTS

Of the 1204 children enrolled in the trial, 127 (11%) were CWH, 
the majority from Zambia (91, 72%) and Uganda (31, 24%; 

Table 1). Of CWH, two-thirds (65%) had advanced or severe 
HIV (before the TB episode); median (interquartile range 
[IQR]) baseline CD4% and CD4 cell counts were 16% (10, 26) 
and 719 cells/mm3 (241, 1134), respectively. At enrollment, 68 
(54%) of the CWH were ART-naive (Table 2). Baseline HIV1 
VL was available for 23 children; median (IQR) baseline HIV1 
VL was 89 973 (1864,  587 977); and 4 (17%) had VL <1000. 
Most started ART within 2–8 weeks after starting TB treatment; 
2 died before ART initiation, and ART status data were missing 
for 9.

CWH were of similar median (IQR) age compared with chil
dren without HIV (3.6 years, 1.2, 10.3 versus 3.5 years, 1.5–6.9 
years) but were more underweight (WAZ: −2.3; −3.3, −0.8 versus 
−1.0; −1.8, −0.2; P < .001) and had lower hemoglobin counts 
(9.5 g/dL, 8.7, 10.9 versus 11.5 g/dL, 10.4, 12.3; P < .001.). 
CWH had a higher proportion of mixed (pulmonary and lymph 
node) TB disease (42% versus 28%, P < .001) compared with 
children without HIV. Overall, 165 (14%) children had 

Table 1. Baseline Characteristics of Participants by Human Immunodeficiency Virus Status

Characteristic
Diagnosed with HIV 

(n = 127)
Not Diagnosed with HIV 

(n = 1077)
Total 

(n = 1204) P Valuea

Age, y 3.6 (1.2, 10.3) 3.5 (1.5, 6.9) 3.5 (1.5,7.0) .07

Female 63 (49.6) 520 (48.3) 583 (48.4) .78

Weight-for-age zscore −2.3 (−3.3, −0.8) −1.0 (−1.8, −0.2) −1.0 (−1.9, 0.3) <.01 (t test)

Hemoglobin count, g/dL 9.5 (8.7, 10.9) 11.5 (10.4, 12.3) 11.3 (10.1, 12.2) <.01 (t test)

Alanine aminotransferase 20.2 (13.8, 35.2) 15.0 (12.0, 20.8) 15.7 (12.0, 21.4) <.01 (t test)

Site of disease,b n (%)

Pulmonary only 74 (58.3) 730 (67.8) 804 (66.8) <.01

Pulmonary and lymph node 53 (41.7) 300 (27.9) 353 (29.3) …

Lymph node only 0 (0) 40 (3.7) 40 (3.3) …

Other 0 (0) 7 (0.7) 7 (0.6) …

T B status

Bacteriologically confirmed 8 (6.3) 157 (14.6) 165 (13.7) .01

Unconfirmed 95 (74.8) 698 (64.1) 1039 (65.9) …

Unlikely 24 (18.9) 222 (20.6) 246 (20.4) …

Anti-TB drug dosing weight band, kg

3.0 ≤ 3.9 2 (1.6) 1 (0.1) 3 (0.3) <.01

4.0 ≤ 7.9 35 (27.6) 145 (13.5) 180 (15.0) …

8.0 ≤ 11.9 29 (22.8) 284 (26.4) 313 (26.0) …

12.0 ≤ 15.9 10 (7.9) 231 (21.5) 241 (20.0) …

16.0 ≤ 24.9 31 (24.4) 266 (24.7) 297 (24.7) …

≥25.0 20 (15.8) 150 (13.9) 170 (14.1) …

Site/Country

Zambia 91 (71.6) 273 (25.3) 364 (30.2) <.001

Uganda 31 (24.4) 345 (32.0) 376 (31.2) …

South Africa 5 (3.9) 310 (28.8) 315 (26.2) …

India 0 (0) 149 (13.8) 149 (12.4) …

Randomization arm

4 m 65 (51.2) 537 (49.9) 602 (50.0) …

6 m 62 (48.8) 540 (50.1) 602 (50.0) …

Data presented as number of participants (%) or median (interquartile range).  

Abbreviations: HIV, human immunodeficiency virus; TB, tuberculosis.  
aP value from χ2 test unless otherwise stated.  
bIntrathoracic lymph node was classified as pulmonary TB; peripheral lymph node disease without any respiratory symptoms or abnormal chest X-ray findings was classified as lymph node 
disease.
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bacteriologically confirmed TB by Xpert Mycobacterium 
tuberculosis/rifampin or culture, with a significantly smaller pro
portion (8, 6%) in CWH compared with children without HIV 
(165, 15%; P <.01; Table 1).

Overall, 92% of the children in the trial had favorable TB 
treatment outcomes. In the modified intention-to-treat popula
tion, the adjusted absolute risk difference of an unfavorable 
outcome (4-month versus 6-month arm) was −4.3% (in favor 
of 4-months, 95% confidence interval [CI], −14.9 to 6.2 in 

CWH) and 0.0% (95% CI, −1.8 to 1.8) in children without 
HIV, with no heterogeneity in the effect of randomized 
duration of treatment (4 versus 6 months of antituberculosis 
treatment) on TB treatment outcomes by HIV status (test for 
interaction, P = .42; Table 3).

Unfavorable TB treatment events were more frequent 
in CWH (n = 24, 19%) compared with children without HIV 
(n = 69, 6%; adjusted HR [aHR], 2.4; 1.3, 4.2; Table 4). 
Across both groups, in addition to HIV status, age <3 years 
(aHR, 3.0; 95% CI, 1.7 to 5.2), being underweight (WAZ,   
≤−2; aHR, 1.8; 95% CI, 1.1 to 2.9), and anemic hemoglobin   
<7g/dL; aHR, 4.6; 95% CI, 2.1 to 10.3) were independently pre
dictive of unfavorable TB outcomes (Supplementary Table 1).

Of 113 children with at least 1 hospitalization in 72 weeks 
of follow-up, 18 (14%) were among CWH compared with 
95 (9%) among children without HIV. Overall, the risk of 
hospitalization was more than twice as high among CWH 
compared with children without HIV (aHR, 2.4; 95% CI, 
1.3 to 4.6; Table 4). In both groups, age <3 years (aOR, 1.8; 
95% CI, 1.2 to 2.9) also predicted hospitalization (Supplementary 
Table 1).

Thirty-one of the 1204 (3%) deaths in the trial (Uganda, 17 of 
376 (5%); Zambia, 13 of 364 (4%); South Africa, 1 (<1%) of 315; 
India, 0 (0%) of 149; 12 (39%) occurred before week 16. 
Thirteen of 127 (10%) were among CWH and 18 of 1077 
(2%) were among children without HIV (aHR, 2.6; 95% CI, 
1.2 to 5.8). Pneumonia (n = 6) followed by seizures (n = 2), sep
ticemia (n = 2), diarrheal disease (n = 2), and hypotension/ 
shock and trauma (n = 3) were the common causes of death 
(Supplementary Table 2). As adjudicated by the ERC, blinded 
to trial arm, 7 of 13 (54%) deaths among CWH and 6 of 18 
(33%) among children without HIV were due to TB. The me
dian (IQR) time to death was 4.6 months (2.1, 7.0) shorter in 
CWH than in children without HIV (6.6 months, 1.8, 8.8; 
Table 4, Supplementary Figure 1). Independent of HIV status, 
age <3 years (aHR, 6.3; 95% CI, 1.5 to 27.3), being underweight 

Table 2. Clinical Characteristics of Participants With Human 
Immunodeficiency Virus

Clinical Characteristic (n = 127) Frequency, n (%)

Human immunodeficiency virus treatment  
status at baseline

Naive 68 (53.5)

On ART 59 (46.5)

World Health Organization immunological  
classificationa (n = 88)

Not significant 21 (24.4)

Mild 8 (9.3)

Advanced 8 (9.3)

Severe 49 (57.0)

CD4 count (n = 95), cell/mm3

<200 19 (20.0)

≥200–350 10 (10.5)

≥350–500 7 (7.4)

≥500 59 (62.1)

CD4% (n = 86)

<15 34 (39.5)

≥15 52 (60.5)

ART regimen (n = 116)

Efavirenz-based 60 (51.7)

Lopinavir-based 43 (37.1)

Nevirapine-based 13 (11.2)

Abbreviation: ART, antiretroviral therapy.  
aWorld Health Organization case definitions of human immunodeficiency virus (HIV) for 
surveillance and revised clinical staging and immunological classification of HIV-related 
disease in adults and children [25].

Table 3. Subgroup Analysis of Tuberculosis Outcomes and Randomized Treatment Duration by Human Immunodeficiency Virus Status

Children With HIV Children Not Diagnosed With HIV

Subgroup parameters assessed 4 Months 6 Months 4 Months 6 Months Total

Total randomized 65 62 537 540 1204

Unassessablea 6 8 24 21 59

Did not reach week 16 4 5 11 11 31

Favorable 55 (93%) 48 (89%) 501 (98%) 507 (98%) 1111 (97%)

Unfavorable 4 (7%) 6 (11%) 12 (2%) 12 (2%) 34 (3%)

Total assessable 59 54 513 519 1145

Difference from control in unfavorable rate − 4.3% … 0.03% … …

95% confidence interval (−14.9 to 6.2) … (−1.8 to 1.9) … …

Test for interaction: P value = .42. Test for interaction compares the effects (risk difference) of treatment duration on tuberculosis (TB) outcomes, comparing children with HIV and children not 
diagnosed with HIV.  

Abbreviation: HIV, human immunodeficiency virus.  
aReasons for unassessable include not reaching week 16 and late exclusions for drug-resistant TB.
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(aHR, 6.2; 95% CI, 2.4 to 15.9), and being anemic (aHR, 3.8; 
95% CI, 1.3 to 11.5) had higher risks of mortality 
(Supplementary Table 1).

Seventy-four children experienced at least 1 grade 3 or 4 AE, 
reported up to 30 days after the last dose of TB treatment. 
Grade ≥3 AEs reported in ≥5% were pneumonia or chest infec
tion (29, 25%), deranged liver function (11, 10%), diarrheal dis
eases (7, 6%), and epilepsy or seizures (6, 5%). CWH were 
more likely to experience a grade ≥3 AE compared with chil
dren without HIV (aHR, 4.6; 95% CI, 2.1 to 9.9; Table 4). In 
both groups, children aged <3 years had a higher risk of expe
riencing a grade ≥3 AE than older children (aOR, 2.1; 95% CI, 
1.2 to 3.6; Supplementary Table 1).

HIV-1 VL results were available for 65 of 119 (55%) and 82 of 
115 (71%) CWH at week 24 and at week 48, respectively; 45% 
(week 24) and 61% (week 48) had VL <1000 copies/mL. A high
er proportion of children who received EFV-based ART were vi
rologically suppressed compared with those on LPV/r-based 
ART at week 48 (29 of 41, 71%) versus 20 of 40 (50%; P = .056).

DISCUSSION

Our findings show that overall unfavorable TB treatment out
comes were more frequent in CWH compared with children 
without HIV. However, when randomized duration of TB 
treatment was compared, there was no difference in unfavor
able outcomes between 4 and 6 months in CWH. Thus, 
there was no evidence to suggest that CWH with nonsevere 
TB needed longer treatment duration than children without 
HIV and that both groups can receive the shorter 4 months 
of treatment. CWH were at higher risk of hospitalizations 
and grade ≥3 AEs compared with those without HIV. 
Mortality was infrequent in the entire study population; 

however, as expected, the risk was higher in CWH, and time 
to death was sooner. Viral suppression in CWH was subopti
mal with only 61% having VL <1000 at 48 weeks. Children 
on LPV/r-based ART had a trend toward worse VL responses 
compared with those on EFV-based regimens.

Our results concur with those from the many pediatric stud
ies that have reported worse TB treatment outcomes in CWH 
compared with children without HIV, particularly in the pres
ence of severe TB disease [26–31]. We enrolled only children 
with nonsevere TB, and despite overall excellent treatment out
comes, HIV coinfection increased the risk of unfavorable TB 
outcomes, as observed in cohorts with a wider spectrum of dis
ease [7, 8, 26, 27]. Similarly, the risks of hospitalization and 
death were significantly higher in CWH. Despite this, the 
rate of mortality in the SHINE study was similar to or lower 
than the reported mortality in children below 5 years in the re
spective countries in 2020 (India, 4%; South Africa, 3%; 
Uganda, 4%; and Zambia, 6%) [32]. Among CWH, 
>10% died compared with <2% in children without HIV. 
Mortality rates for children with TB vary widely, from <1% 
in the Netherlands to 13% in Nigeria, with higher rates reported 
in children with severe forms of TB [7, 8, 26–29, 33]. 
Observational studies of children with HIV/TB coinfection 
have reported higher mortality rates of 10% to 20%, with worse 
outcomes in ART-naive populations [5, 9, 10, 34]. In our co
hort, less than half of the CWH were on ART at the time of 
TB diagnosis and more than 80% were on ART by the end of 
the intensive phase. While higher ART coverage reduces the 
risk of mortality in CWH with TB, it does not eliminate it 
[35, 36]. Deaths in individuals with TB often occur in the first 
few months of treatment, particularly in those with HIV where 
rapid progression of TB can occur even in the absence of im
mune compromise [35–37].

Table 4. Mortality, Hospitalizations, and Nonfatal Grade ≥3 Adverse Events by Human Immunodeficiency Virus Status

Clinical Outcome
Living With HIV 

n = 127
Not Living With HIV 

n = 1077 Adjusted Hazard Ratioa (95% CI)

Tuberculosis treatment outcome

Unfavorable 24 (18.9) 69 (6.4) 2.4 (1.3 to 4.2)

Favorable 103 (81.1) 1008 (93.6) …

Mortality

Dead 13 (10.2) 18 (1.7) 2.6 (1.2 to 5.8)

Alive 114 (89.8) 1059 (98.3)

Adjusted Odds Ratiob (95% CI)

Hospitalization

Yes 18 (14.2) 95 (8.8) 2.4 (1.3 to 4.6)

No 109 (85.8) 982 (91.2) …

Adverse event (grade ≥3)

Yes 24 (18.9) 71 (6.6) 4.4 (2.3 to 8.5)

No 103 (81.1) 982 (93.4) …

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus.  
aAdjusted for age, hemoglobin count, weight-for-age z score, bacteriological confirmation, country, and randomized tuberculosis (TB) treatment duration.  
bAdjusted for age, weight-for-age z score, bacteriological confirmation, site of TB disease, hemoglobin count, country, and randomized TB treatment duration.
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There were few grade ≥3 AEs observed in the trial. However, 
CWH had a 5-fold risk of experiencing an AE. After chest in
fections, elevation of liver enzymes was the most common 
treatment-related AE [19]. Transient and asymptomatic trans
aminitis is commonly observed in children on TB treatment 
and represents hepatic adaptation to TB treatment and is often 
reversible [38].

Our study showed that children aged <3 years, with or without 
HIV, faced a significant risk of experiencing unfavorable TB out
comes, hospitalization, death, and AEs. Of note, among CWH, a 
higher proportion were underweight and anemic compared with 
those without HIV. Being underweight was an independent pre
dictor of poor clinical outcomes, emphasizing the critical role of 
inadequate nutrition in contributing to unfavorable outcomes 
regardless of HIV status in children with TB. Younger age and 
undernutrition were previously identified as risk factors for 
TB-associated mortality. Our study emphasizes that this remains 
relevant even in children with nonsevere TB disease [35, 39, 40]. 
Furthermore, anemia (hemoglobin  <7g/dL) independently pre
dicted unfavorable TB outcomes, hospitalizations, and mortality, 
irrespective of HIV status. Anemia is frequently observed in chil
dren from low- and middle-income countries, often associated 
with undernutrition [41], and it commonly complicates HIV 
[42]. Notably, it is a prevalent comorbidity with TB and linked 
to poor TB treatment outcomes [43, 44].

Among CWH with available HIV-1 VLs, viral suppression 
was suboptimal after 1 year of follow-up. This could be due to in
sufficient duration of ART since only half of the children were es
tablished on ART at the time of enrollment and ART initiation 
times varied. Previous studies suggested that children cotreated 
for TB around the time of ART initiation had low rates of viro
logical suppression [12–14, 45]. Another possible reason could 
be biased selective targeting of VL testing in children with sus
pected nonadherence to ART. We observed a trend toward better 
viral suppression in children who received EFV-based ART com
pared with those on LPV/r-based ART. South African studies re
ported lower rates of viral suppression in children who received 
ritonavir-boosted LPV/r-based ART who were cotreated for TB 
[13, 14]. For children aged <3 years, superboosted LPV/r is the 
preferred strategy to overcome the interaction with rifampicin. 
However, not all sites implemented LPV/r superboosting during 
the SHINE trial due to the nonavailability of single-formulated ri
tonavir. In Zambia, double-dosing of LPV/r or switching to EFV 
in children aged ≥3 years was practiced for rifampicin cotreat
ment in the absence of single-formulated ritonavir. However, 
LPV/r double-dosing was previously associated with suboptimal 
lopinavir concentrations with rifampicin cotreatment [46]. Drug 
resistance mutations to protease inhibitors are infrequent despite 
virological failures, suggesting that other treatment-related fac
tors (in particular, adherence difficulties) are likely the main con
tributors to nonviral suppression [47], especially since pediatric 
formulations of LPV/r are not palatable and require twice-daily 

administration [13, 48, 49]. The currently recommended dolute
gravir (DTG)-based ART, which is associated with high rates of 
viral suppression and excellent safety, is considered the preferred 
treatment option for CWH with HIV/TB despite requiring 
twice-daily dosing in children with HIV/TB [50]. DTG was not 
available for pediatric use at the time of the trial.

This study has several limitations including lack of generaliz
ability to children with severe TB disease. The trial aimed to eval
uate the noninferiority of 4 months versus 6 months of treatment 
in children with nonsevere TB; therefore, CWH with severe 
TB were excluded. Second, assessment of viral suppression in 
CWH may have been affected by missing VL results. In this prag
matic trial, VLs were measured per national recommendations, 
which did not mandate frequent VL testing. Nevertheless, our 
findings align with observations in other cohorts that suggest sub
optimal VL suppression in CWH diagnosed with TB and starting 
ART [12, 13]. Despite these limitations, this trial had a consider
able number of CWH and excellent follow-up of up to 72 weeks, 
allowing comprehensive documentation of the clinical outcomes. 
TB diagnoses were thoroughly evaluated using well-defined crite
ria and independent expert review [20, 22].

We found no evidence of a difference between 4 and 6 
months of treatment for CWH being treated for nonsevere 
TB. Acknowledging that the interaction test was underpowered 
and the analysis can only be considered exploratory, it was nev
ertheless reassuring that along with all the other subgroup anal
yses performed, the results were consistent with the overall trial 
findings [19]. Benefits of shortening TB treatment include im
proved treatment adherence, minimal losses to follow-up, and 
fewer AEs associated with prolonged TB treatment. Efforts 
should focus on equipping health services and providers with 
the capacity to appropriately determine TB disease severity 
and identify children who can benefit from the shorter regimen. 
In addition, patient-centered management should include the 
identification of potential risk factors, such as anemia and un
dernutrition, that are likely to impact treatment outcomes. 
Early HIV diagnosis, access to ART, and comprehensive pa
tient care that includes nutritional support can improve out
comes and reduce the risk of poor outcomes in CWH.

CONCLUSIONS

In conclusion, our study highlights that CWH with nonsevere 
TB had a higher risk of poor clinical outcomes compared with 
children without HIV. We found no significant differences in 
TB treatment outcomes between CWH and children without 
HIV who received 4 versus 6 months of TB treatment, provid
ing reassurance that CWH can receive shorter 4 months of TB 
treatment if they have nonsevere TB.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
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materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.
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