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Immediate or high-dose antituberculosis therapy for
HIV-related sepsis in Tanzania and Uganda (ATLAS):

a phase 3, open-label, randomised, controlled, 2 x 2 factorial,
superiority trial
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Summary

Background People living with HIV and hospitalised with sepsis in Africa are at risk of death due to tuberculosis but
diagnostics for tuberculosis might be delayed or inaccessible for people presenting for critical care. We aimed to
compare the effects of immediate empirical and high-dose antituberculosis therapy on 28-day mortality in adult
people living with HIV with sepsis in east Africa.

Methods ATLAS was a phase 3, open-label, randomised, controlled, 2x2 factorial, superiority trial conducted at
four hospitals in Tanzania and Uganda. Participants were aged 18 years or older, living with HIV, and had been
admitted to hospital with sepsis with two or more modified quick Sequential Organ Failure Assessment score criteria.
Exclusion criteria were active tuberculosis or receipt of antituberculosis therapy within 6 months of hospitalisation,
pregnancy or lactation, allergies to antituberculosis therapy, another investigational drug within the past month,
chronic liver disease, heavy alcohol use, positive serum cryptococcal antigen, or anticipated significant drug—drug
interaction with rifampicin. A computer-generated permuted-block algorithm with allocation concealment and
random block sizes of four and eight randomly assigned participants (1:1) to receive either immediate or diagnosis-
dependent antituberculosis therapy, and (1:1) to receive either high-dose or conventional WHO-recommended weight-
based dose antituberculosis therapy. Allocation was stratified by country and the presence of altered mental status at
the time of randomisation. Participants randomly assigned to conventional-dose antituberculosis therapy received
fixed-dose combination tablets of rifampicin approximately 10 mg/kg, isoniazid approximately 5 mg/kg, pyrazinamide,
and ethambutol, plus pyridoxine 50 mg orally. Participants randomly assigned to receive high-dose antituberculosis
therapy received rifampicin approximately 30 mg/kg and isoniazid approximately 7-5 mg/kg as a combination of
single formulation tablets and fixed-dose combination tablets that included WHO-recommended weight-based doses
of pyrazinamide and ethambutol, plus pyridoxine. Participants continued immediate antituberculosis therapy for
28 days. All medications were administered daily. Participants in the diagnosis-dependent antituberculosis therapy
groups received treatment based on a clinical or microbiological diagnosis of tuberculosis. All participants received
2 g intravenous ceftriaxone daily for 7 days. The primary endpoint was 28-day mortality analysed in the modified
intention-to-treat population and in the subgroup with later confirmed tuberculosis. We defined the survival time for
each participant as the time from randomisation until death, discharged (alive) by day 28, or censored (alive) at day 28.
We graded adverse events according to recommendations from the National Institutes of Health Division of AIDS.
This study was registered with ClinicalTrials.gov, NCT04618198, and is completed.

Findings Between Jan 5, 2022, and Dec 9, 2024, 707 people were screened for eligibility and 437 were randomly
assigned (110 to immediate conventional-dose, 112 to immediate high-dose, 107 to diagnosis-dependent conventional-
dose, and 108 to diagnosis-dependent high-dose antituberculosis therapy). 395 patients (226 [57%] of whom were
female and 169 [43%] were male; all participants were Black) received study intervention and were analysed for the
primary outcome of 28-day mortality. We confirmed tuberculosis in 204 (52%) patients. There was no evidence of
differences in 28-day mortality in immediate antituberculosis therapy groups (50 deaths [25%] in 198 patients)
compared with diagnosis-dependent groups (50 deaths [25%)] in 197 patients; adjusted hazard ratio [aHR] 0-99
[95% CI 0-67-1-46]; p=0-95), or in high-dose antituberculosis therapy groups (51 deaths [26%] in 199 patients)
compared with conventional-dose groups (49 deaths [25%)] in 196 patients; aHR 1-07 [0-72-1-59]; p=0-73). In patients
with microbiologically confirmed tuberculosis, the 28-day mortality relative to the diagnosis-dependent conventional-
dose group (18 deaths [34%] in 53 patients) was lower for the immediate conventional-dose group (six deaths [12%] in
51 participants; aHR 0-32 [95% CI 0-13-0-82]; p=0-015); for the diagnosis-dependent high-dose group (11 deaths
[20%] in 56 patients) was 0-51 (0-24-1-08; p=0-79); and for the immediate high-dose group (11 deaths [26%)] in
43 patients) was 0-63 (0-29-1-36; p=0-24). No significant differences in adverse events occurred between treatment
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groups but numerically more events of drug-induced liver injury occurred in the immediate high-dose group

compared with any other group.

Interpretation Among all participants with HIV-related sepsis, 28-day mortality was not significantly reduced with
immediate or high-dose antituberculosis therapy. In the subgroup with later confirmed tuberculosis, immediate
conventional-dose antituberculosis therapy significantly reduced 28-day mortality, suggesting, as in other forms of
bacterial sepsis, that hours to active treatment might determine survival.

Funding US National Institutes of Health.

Copyright © 2026 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND

4.0 license.

Introduction

Sepsis occurs due to life-threatening organ dysfunction
caused by a dysregulated host response to infection.'
There are an estimated 48 million cases of sepsis
annually, which lead to 11 million deaths.” Africa bears
the highest burden of sepsis globally, with the greatest
risk of mortality occurring among people living with
HIV.? Tuberculosis accounts for an estimated 25-30% of
sepsis cases in Africa, with an associated case-fatality rate
of 30-50%.>* The only randomised trials of adult sepsis

Research in context

Evidence before this study

The highest incidence of sepsis and associated mortality occurs
in Africa, particularly in areas of high HIV and tuberculosis
prevalence. Yet, to our knowledge, there are only two previously
published randomised clinical trials of adult sepsis therapy that
were conducted in Africa. Both trials evaluated a fluid
resuscitation strategy in Zambia and had negative outcomes.
The leading cause of sepsis in people living with HIV in Africa is
tuberculosis. Based on trials that showed decreased mortality
with early tuberculosis testing, current WHO guidelines for
people living with HIV with clinical danger signs recommend
early rapid diagnostic testing for tuberculosis, including urinary
lipoarabinomannan and sputum GeneXpert. The guidelines
also recommend initial standard antibacterial therapy with
antituberculosis therapy only for patients with a positive
tuberculosis test result or after 3-5 days without clinical
recovery. However, a substantial proportion of deaths due to
tuberculosis-related sepsis in people living with HIV occurs
during this 3-5-day period. We searched PubMed for English
language literature related to empirical antituberculosis therapy
from Jan 1, 2000, to June 30, 2025, with the following search
terms: “tuberculosis”, “therapy”, “empiric or empirical”, and
“HIV". Several outpatient trials of empirical antituberculosis
therapy conducted in Africa, south Asia, and South America,
including the STATIS and REMEMBER trials, showed no
reduction in mortality compared with targeted tuberculosis
diagnostic testing or isoniazid preventive therapy in adults with
advanced HIV disease starting antiretroviral therapy. However,
there are no published trials of empirical antituberculosis

management conducted in Africa include two negative
studies of fluid resuscitation from Zambia.*®

WHO recommends immediate antibacterial therapy for
people living with HIV with clinical danger signs; however,
antituberculosis therapy is recommended only for those
with diagnosed tuberculosis or after 3-5 days of standard
antibacterial therapy without clinical recovery’ Rapid
tuberculosis testing, including urine lipoarabinomannan
antigen (tested using lateral flow-lipoarabinomannan
[LF-LAM]) and sputum Xpert MTB/RIF, is recommended

therapy for patients hospitalised with critical illness due to
sepsis in whom the timing of initiation of active antimicrobial
therapy is of paramount importance for successful outcomes.
Accordingly, the question of whether immediate empirical
antituberculosis therapy reduces mortality in critically ill
patients with sepsis remains unanswered. Similarly, the optimal
dose of antituberculosis therapy for patients with critical illness
is not known. There is growing evidence that pharmacokinetics-
pharmacodynamics might be one of the most important drivers
of tuberculosis treatment response, as suboptimal serum drug
concentrations have been associated with worse outcomes for
ambulatory patients with pulmonary tuberculosis. In a study

of people living with HIV who were treated for pulmonary
tuberculosis in Uganda, the time to microbiological clearance
from the sputum was longer in people with isoniazid and
rifampicin drug concentrations that were below expected peak
serum concentrations. Furthermore, in a study of people living
with HIV and sepsis, the majority had serum pharmacokinetics
below the expected ranges for peak concentrations and total
area under the concentration curve, the key pharmacokinetic
determinants of microbial kill and prevention of acquired drug
resistance, for rifampicin, isoniazid, or both. Two randomised
trials among people with disseminated tuberculosis
(NewStrat-TB) and tuberculosis meningitis (HARVEST) tested
novel regimens including high-dose oral rifampicin but have
reported results with either no benefit or harm. Thus,
determination of the optimal timing and dose of
antituberculosis therapy for people living with HIV and sepsis
without an initial diagnosis of tuberculosis is urgently needed.

(Continues on next page)
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Added value of this study

The ATLAS trial was the first randomised controlled trial to
evaluate an antimicrobial strategy for people with HIV and
sepsis in Africa. This trial advances the existing literature by
providing the first randomised evidence to guide empirical
antimicrobial management for sepsis in people living with
HIV in Africa, a population with the highest global burden of
tuberculosis-associated sepsis but minimal trial data. Unlike
previous observational studies, ATLAS showed that
tuberculosis is the predominant and often occult cause of
sepsis in this patient population, often only detectable by
blood-based assays. Although there was no overall benefit
from immediate or high-dose antituberculosis therapy, there
was an interaction between timing and dosing of
antituberculosis therapy, such that the lowest 28-day
mortality occurred in those receiving immediate
conventional-dose antituberculosis therapy, with a number
needed to treat to prevent one death of 17-2. In a planned
subgroup analysis of those with ultimately confirmed
tuberculosis, there was a significant reduction of mortality for
those receiving immediate conventional-dose
antituberculosis therapy compared with those who received
the standard of care of diagnosis-dependent conventional-
dose antituberculosis therapy. The number needed to treat
with immediate conventional-dose antituberculosis therapy
compared with the standard of care to prevent one death was
only 4-4. Similar findings were noted from participants with
tuberculosis bloodstream infection who received immediate
antituberculosis therapy. Therefore, the ATLAS trial provides a
new pragmatic, evidence-based treatment approach for
sepsis in similar high HIV and tuberculosis burden settings in
Africa.

by WHO to diagnose tuberculosis in acutely ill people
living with HIV, but it is often unavailable or delayed.®
Accordingly, antituberculosis therapy is often deferred or
not initiated in people living with HIV with sepsis.
Moreover, conventional WHO-recommended doses of
antituberculosis therapy often do not achieve expected
therapeutic concentrations in adults with sepsis.” We
aimed to compare the effects of immediate empirical and
high-dose antituberculosis therapy on 28-day mortality in
adult people living with HIV with sepsis in east Africa.

Methods

Study design and participants

A Randomized Clinical Trial of Early Empiric
Antituberculosis Therapy for Sepsis in Africa (ATLAS) was
a phase 3, multisite, open-label, randomised, controlled,
2x2 factorial, superiority trial of immediate initiation and
high-dose antituberculosis therapy for people living with
HIV with sepsis conducted at four hospitals in Tanzania
and Uganda.” Local community advisory boards provided
feedback on the trial protocol.

Implications of all the available evidence

The standard of care antimicrobial regimen for sepsis in most of
Africa is a third-generation cephalosporin based on commonly
encountered non-tuberculosis bacterial pathogens causing
bloodstream infection, and antituberculosis therapy is often
started only after a diagnosis of tuberculosis is made. Immediate
high-dose antituberculosis therapy did not improve mortality, a
finding in line with other recent trials in people with confirmed
disseminated tuberculosis including meningitis, and it is
unknown if the lack of improvement was due to a deleteriously
robust inflammatory response or precipitation of adrenal
insufficiency. The significant improvement of mortality among
those with ultimately confirmed tuberculosis and treated with
immediate conventional-dose therapy occurred despite only
small improvements in the time to tuberculosis treatment
measured in hours. Thus, the apparent benefit of targeted
therapy for tuberculosis sepsis might occur early, and as with
other causes of bacterial sepsis, delays of hours of treatment
might affect mortality. Conventional-dose antituberculosis
treatment in a critically ill population did not prompt safety
concerns, but a non-significantly higher number of drug-induced
liver injuries occurred in the group receiving immediate high-dose
antituberculosis treatment, a trend similar to reports of other
high-dose rifampicin studies in people with disseminated
tuberculosis. The ATLAS trial findings reinforce the importance of
developing novel and highly sensitive diagnostics for the full
spectrum of tuberculosis disease including sepsis. Until then and
given the wide availability of oral antituberculosis medications,
the intervention of immediate conventional-dose
antituberculosis treatment represents an area of operational
research priority applicable for high burden HIV and tuberculosis
settings.

Participants were aged 18 years or older, living with
HIV, and had been admitted to hospital with sepsis at
Sekou Toure Regional Referral Hospital, Mwanza,
Tanzania; Kibong'oto Infectious Disease Hospital,
Kilimanjaro Region, Tanzania; Mbarara Regional
Referral Hospital, Mbarara, Uganda; or Fort Portal
Regional Referral Hospital, Fort Portal, Uganda. Sites
were selected through existing clinical trials
partnerships and each site served both rural and urban
populations living with HIV. Participant eligibility
criteria included concern for infection and two or more
modified quick Sequential Organ Failure Assessment
(modified qSOFA) score criteria, including systolic
blood pressure 90 mm Hg or less or mean arterial
pressure 65 mm Hg or less (other modified qSOFA
criteria were Glasgow Coma Scale score <15 and
respiratory rate =22 breaths per min)."" Participants
were categorised by self-reported sex assigned at birth.
Participants had to reside within a predefined
geographical area to ensure tuberculosis clinic follow-
up. We obtained written informed consent from all
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See Online for appendix 1

participants or surrogates for those without the capacity
to provide consent themselves.

Exclusion criteria were known active tuberculosis or
receipt of antituberculosis therapy within 6 months of
hospitalisation, pregnancy or lactation, allergies to
antituberculosis therapy, another investigational drug
within the past month, chronic liver disease, heavy alcohol
use, positive serum cryptococcal antigen, or clinically
significant drug-drug interaction with rifampicin. If, after
enrolment, a study participant was found to have baseline
grade 4 or 5 renal or hepatic dysfunction, they were
excluded for the remainder of the study for safety purposes,
but having received at least 1 day of the intervention were
included in the intention-to-treat analysis.

The ATLAS trial received approval from the University
of Virginia (HSR200253), the Tanzania Medicines and
Medical Devices Authority (TMDA-WEB0021/CTR/
0008/03) and National Institute for Medical Research
(NIMR/HQ/R.8a/Vol. IX/3554), and the Uganda National
Council for Science and Technology (HS1272ES). This
trial was registered with ClinicalTrials.gov (NCT04618198),
and is completed. The protocol is in appendix 1
(pp 34-105).

Randomisation and masking

A computer-generated permuted-block algorithm with
allocation concealment and random Dblock sizes of
four and eight randomly assigned participants (1:1) to
receive either immediate or diagnosis-dependent
antituberculosis therapy, and (1:1) to receive either
high-dose or conventional WHO-recommended weight-
based dose antituberculosis therapy. Therefore, the
four groups were immediate conventional-dose,
immediate high-dose, diagnosis-dependent high-dose,
and diagnosis-dependent conventional-dose (standard-of-
care) antituberculosis therapy. Allocation was stratified by
country and the presence of altered mental status at the
time of randomisation. The study statistician generated
the randomisation sequence. Participants were screened
and enrolled by study nurses, then randomly assigned to
trial groups by study doctors. Both nurses and doctors
were involved in follow-up study visits.

Procedures

All participants received 2 g intravenous ceftriaxone daily
for 7 days. Participants randomly assigned to conven-
tional WHO-recommended weight-based antituberculosis
therapy received fixed-dose combination tablets of
rifampicin approximately 10 mg/kg, isoniazid approx-
imately 5 mg/kg, pyrazinamide, and ethambutol, plus
pyridoxine 50 mg orally. Participants randomly assigned to
receive high-dose antituberculosis therapy received
rifampicin  approximately 30 mg/kg and isoniazid
approximately 7-5 mg/kg as a combination of single
formulation tablets and fixed-dose combination tablets
that included WHO-recommended weight-based doses
of pyrazinamide and ethambutol, plus pyridoxine.

Participants continued immediate antituberculosis therapy
for 28 days. All medications were administered daily.
Participants initiated diagnosis-dependent antituberculosis
therapy based on a clinical or microbiological diagnosis of
tuberculosis. A clinical diagnosis was defined as no
response to ceftriaxone at 3-5 days after randomisation if
there was no alternative diagnosis or if showing other
features of tuberculosis disease.

Diagnostic testing was done at enrolment. We collected
blood and urine for bacterial culture (BACTEC 9050;
Becton Dickinson, Franklin Lakes, NJ, USA). To test for
tuberculosis, we used Xpert MTB/RIF Ultra (Cepheid,
Sunnyvale, CA, USA) on sputum and urine, Alere
Determine LF-LAM (Abbott, Santa Clara, CA, USA) on
urine, and mycobacterial culture of sputum (MGIT 960
system; Becton Dickinson, Franklin Lakes, NJ, USA) and
blood (BACTEC Myco/F system; Becton Dickinson,
Franklin Lakes, NJ, USA). We tested baseline blood
samples with a TaqMan Array card (Thermo Fisher,
Carlsbad, CA, USA) quantitative PCR assay, which targeted
43 pathogens including Mycobacterium tuberculosis, but
testing was batched and results were not available to
inform clinical decisions.’

We monitored participants with clinical assessments
daily and laboratory assessments weekly through to day 28.
We referred participants who received antituberculosis
therapy to a tuberculosis clinic at day 28 where non-study
clinicians determined if conventional antituberculosis
treatment should continue. An independent data safety
monitoring board reviewed interim data at 25%, 50%,
and 75% of the target accrual goals. The data safety
monitoring board comprised five voting members
including the chairperson. Of the voting members,
four were clinician-scientists and one was a biostatistician,
representing four different institutes in Uganda and
Tanzania. An additional non-voting member from the
sponsor institute participated in the data safety monitoring
board meetings. We based stopping decisions for efficacy
on Lan—Demets boundaries.

Outcomes

The primary efficacy endpoint was mortality at 28 days
after randomisation. We defined the survival time for each
participant as the time from randomisation until death,
discharged (alive) by day 28, or censored (alive) at day 28.
The secondary endpoints were time to antituberculosis
therapy, defined as the time from randomisation to the
first dose of rifampicin; time to temperature normalisation,
defined as first measured temperature between 36°C and
38°C; time to ambulation, defined as first report of
ambulation; duration of hospitalisation, defined as time
from randomisation to discharge; and in-hospital mortality,
defined as a participant who died during the hospitalisation
of enrolment or was discharged. Other endpoints included
adverse drug events during the 28-day study period using
the National Institutes of Health Division of AIDS criteria
and final sepsis aetiology. The main data for the
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prespecified 6-month mortality as defined as time from
randomisation to death or alive at 6 months are reported;
the detailed data will be reported elsewhere. All outcomes
were centrally assessed. Adverse events were systematically
assessed at all study timepoints or if the participant had an
unplanned presentation to medical care and graded
according to recommendations from the National
Institutes of Health Division of AIDS.

Statistical analysis
To calculate the sample size, we assumed that 28-day
mortality would be 45% in the diagnosis-dependent
conventional-dose group, 32% in the immediate
conventional-dose and diagnosis-dependent high-dose
groups, and 19% in the immediate high-dose group.****
A sample size of 437 participants provided 80% power
with a two-sided 0-05 significance level to test the effects
of time and dose on 28-day mortality, while accounting
for 20% loss to follow-up or late exclusions from baseline
renal and liver function testing.

The primary analysis was done in the modified
intention-to-treat population, including all participants
who were randomly assigned and did not meet late

exclusion criteria. Subsequent sensitivity analyses were
done in the intention-to-treat population, including all
randomly assigned participants, with survival time
censored at the time of exclusion for those meeting late
exclusion criteria. Further sensitivity analyses used
inverse probability weighting with several models to
predict late exclusion. We did not impute missing data.
For the primary outcome, we used Kaplan—Meier curves
to estimate survival distribution. We wused Cox
proportional hazards models on a 28-day timescale to
estimate the main effects and interaction of timing and
dose, and to compare each group with the standard of
care group. In addition to estimating the multiplicative
interaction in the Cox models, we also estimated the
additive (risk difference) interaction for 28-day mortality
risk. We calculated the number needed to treat, with
95% ClIs presented as recommended by Altman,” as a
summary of group differences for the overall study
population and in the prespecified subgroup with
confirmed tuberculosis. 95% Cls are reported for the
number needed to treat where the CIs for the difference
in proportions contains zero and the difference between
treatments allows for the possibility of either benefit or

707 people screened for eligibility

270 excluded*
95 were already receiving antituberculosis therapy
59 had significant kidney or liver disease
43 other reason stated

Y 30 had a positive serum cryptococcal antigen result

19 died before randomisation

13 declined to participate

5 were pregnant or breastfeeding

2 had a history of alcohol use disorder

5 were living outside the study area or were otherwise unlikely to complete follow-up

v

| 437 randomly assigned

v

v

v

v

112 assigned to immediate high-dose

110 assigned to immediate
conventional-dose

antituberculosis therapy

107 assigned to diagnosis-dependent
conventional-dose

108 assigned to diagnosis-dependent
high-dose antituberculosis

antituberculosis therapy antituberculosis therapy therapy
11 late exclusions 13 late exclusionst 10 late exclusions 8 late exclusions
6 had elevated serum 9 had elevated serum 7 had elevated serum 5 had elevated serum creatinine
creatinine creatinine creatinine 2 had elevated liver enzymes
) 3 withdrew consent ) 2 had elevated liver enzymes ) 3 withdrew consent ) 1 had other exclusions
2 had elevated liver enzymes 2 had other exclusions
1 withdrew consent
A 4 A 4 A 4 A 4
99 analysed 99 analysed 97 analysed 100 analysed

42 from Kilimanjaro, Tanzania
32 from Mbarara, Uganda

15 from Mwanza, Tanzania
10 from Fort Portal, Uganda

46 from Kilimanjaro, Tanzania
32 from Mbarara, Uganda
13 from Mwanza, Tanzania

8 from Fort Portal, Uganda

47 from Kilimanjaro, Tanzania
31 from Mbarara, Tanzania
12 from Fort Portal, Uganda

7 from Mwanza, Tanzania

49 from Kilimanjaro, Tanzania
35 from Mbarara, Uganda
10 from Mwanza, Tanzania

6 from Fort Portal, Uganda

Figure 1: Trial profile

*One individual had a positive cryptococcal antigen result and was already receiving antituberculosis therapy. TOne participant had both elevated serum creatinine and liver enzymes.
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Immediate
conventional-dose
antituberculosis
therapy (n=99)

Immediate high-dose

antituberculosis
therapy (n=99)

Diagnosis-dependent

conventional-dose
antituberculosis
therapy (n=97)

Diagnosis-dependent
high-dose
antituberculosis
therapy (n=100)

Age, years 42 (34-49)
Sex

Female 60 (61%)

Male 39 (39%)
Heart rate, beats per min 115 (97-125)
Respiratory rate, breaths per min 27 (24-30)
Systolic blood pressure, mm Hg 88 (80-90)
Diastolic blood pressure, mm Hg 53 (49-59)
Mean arterial blood pressure, mm Hg 64 (60-69)

Oxygen saturation

Creatinine, mg/dL

Bilirubin total, mg/dL

Aspartate aminotransferase, U/L
Alanine aminotransferase, U/L
BMI, kg/m?

Mid-upper arm circumference, cm

96% (92-97)
0-88 (0-67-118)
0-53 (0:31-0-87)

45 (27-75)

23 (15-40)

189 (16:7-21.0)

220 (20-0-24-0)

Glasgow Coma Scale <15 30 (30%)
qSOFA score

2 86 (87%)

3 13 (13%)
Universal Vital Assessment score

Median 5(4-7)

2-4 48 (48%)

>4 51 (52%)
Capillary refill time, s

Median 3(1-3)

>3 6 (6%)
Lactate, mmol/L 2:8(1.9-4-2)
Haemoglobin, g/L 102 (8:6-12-2)
D4 T cells per pL 92 (21-278)
Receiving HIV therapy 53 (54%)

42 (32-53) 40 (32-52) 41 (34-50)
59 (60%) 52 (54%) 55 (55%)

40 (40%) 45 (46%) 45 (45%)

121 (103-130) 120 (101-128) 121 (109-127)

26 (24-30) 26 (24-30) 27 (25-32)
88 (84-90) 88 (81-90) 88 (84-90)
54 (50-60) 52 (48-57) 52 (49-58)
64 (61-70) 64 (59-67) 64 (61-69)

95% (90-97)
0-88 (0-64-1-12)
0-52 (0-29-0-91)

42 (28-64)

22 (17-42)

19.3 (16-8-21-6)

21.9 (20-0-24-9)

96% (92-97)
0-86 (0-62-1-20)
0-42 (0-24-1-00)

51(27-97)

27 (17-48)

183 (16-2-20-9)

21-6 (19-5-24-0)

95% (92-98)
0-91 (0-64-1-22)
0-51 (0-31-0-85)

37 (25-73)

23 (15-38)

18-4 (16:8-207)

22-4(20-0-25-0)

31 (31%) 31(32%) 31(31%)

80 (81%) 82 (85%) 83 (83%)

19 (19%) 15 (15%) 17 (17%)
5(4-7) 5(4-7) 5(4-7)

47 (47%) 51 (53%) 45 (45%)

52 (53%) 46 (47%) 55 (55%)
3(1-3) 3(1-3) 3(2-3)
5(5%) 7 (7%) 7 (7%)
2:7(1:9-33) 2.7 (2:1-37) 2:5(1.7-3-4)
9-9(7:9-12-2) 10-0 (8:1-12-3) 107 (8-4-127)

138 (43-300) 147 (43-413) 132 (31-334)

39 39%) 53 (55%) 45 (45%)

Data are median (IQR) or n (%). qSOFA=quick Sequential Organ Failure Assessment.

Table 1: Baseline characteristics

harm. For binary outcomes, we used the y2 test to
compare proportions among the treatment groups. For
time-to-event secondary endpoints, we estimated cause-
specific hazard ratios (HRs) relative to the standard of
care group, treating death as a competing risk. We
examined 28-day mortality across predefined subgroups,
including microbiologically confirmed tuberculosis diag-
nosis in the sputum, blood, or urine; categories of
immunosuppression (assessed by CD4" T-cell concen-
tration and antiretroviral therapy [ART] at enrolment);
disease severity (tissue ischaemia by whole blood lactate
concentration and critical illness by Universal Vital
Assessment [UVA] mortality risk score®); and measures
of nutritional status (BMI and mid-upper arm
circumference). The 2 test was used to compare the
proportion of participants in each group with any adverse
event, a serious adverse event, or adverse events related

to the intervention. Negative binomial regression models
were used to compare the number of adverse events
per participant among the four groups. We used SAS
version 9.4 and GAUSS version 25.0 for analyses.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. Programme officials and medical monitors
from the National Institutes of Health reviewed reports
from the data safety monitoring board at predetermined
intervals.

Results

From Jan 5, 2022, to Dec 9, 2024, 707 people were screened
for eligibility, 437 of whom were randomly assigned (110 to
immediate conventional-dose antituberculosis therapy,
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Figure 2: 28-day mortality

(A) 28-day mortality in the immediate versus the diagnosis-dependent antituberculosis therapy groups (both conventional-dose and high-dose). (B) 28-day mortality in the conventional-dose versus
high-dose antituberculosis therapy groups (both immediate and dose-dependent). (C) 28-day mortality in the immediate conventional-dose versus the immediate high-dose antituberculosis therapy
groups. (D) 28-day mortality in the diagnosis-dependent conventional-dose versus the diagnosis-dependent high-dose antituberculosis therapy groups. Percentages for each group are the day 28

survival proportions, estimated from the Kaplan-Meier curves.

112 to immediate high-dose antituberculosis therapy, 107 to
diagnosis-dependent conventional-dose antituberculosis
therapy, and 108 to diagnosis-dependent high-dose
antituberculosis therapy). There were no major deviations
from the protocol. Of the 437 participants, 42 (10%) had
late exclusion criteria, leaving 395 who received a study
intervention and were analysed for the primary outcome of
28-day mortality (figure 1). Three (1%) participants were
lost to follow-up before the day 28 endpoint. Protocol
deviations at all four sites were minor and infrequent. The
most frequent protocol deviations were reporting of
adverse events outside of the specified time window
(five [2%)] of 268 reports), and study visit procedures
deviations, such as not performing chest radiographs or
not collecting samples for laboratory testing (21 [1%] of
2506 visits; appendix 1 p 15).

Participant characteristics were similar between the
four groups (table 1). Of the 395 participants analysed,
226 (57%) were female, 169 (43%) were male, and the

median age was 42 years (IQR 33-51). All participants were
categorised as Black race and further tribal or ethnicity
information was not collected. 139 (35%) participants had
severe undernourishment (BMI <16-5 kg/m2 or mid-
upper arm circumference <20-0 cm).

Adjusting for the stratification factors, there was no
evidence of differences in 28-day mortality for immediate
antituberculosis therapy groups (50 [25%] of 198 patients)
compared with diagnosis-dependent groups (50 [25%)] of
197 patients; adjusted HR [aHR] 0-99 [95% CI 0-67-1-46];
p=0-95) or for high-dose antituberculosis therapy groups
(51 [26%] of 199 patients) compared with conventional-
dose groups (49 [25%)] of 196 patients; aHR 1-07 [95% CI
0-72-1-59]; p=0-73), with confidence intervals including
possibility of benefit or harm (figure 2A, B). The
proportional hazards assumption was assessed without
significant change in HRs. There was also no evidence of
differences in results in the intention-to-treat analyses of
all 437 randomly assigned participants (appendix 1
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Figure 3: 28-day mortality in participants with and without later confirmed tuberculosis
(A) 28-day mortality in participants with confirmed tuberculosis. (B) 28-day mortality in participants without confirmed tuberculosis. (C) 28-day mortality in participants with confirmed tuberculosis
bloodstream infection. (D) 28-day mortality in participants with other non-tuberculosis bloodstream infection. DC=diagnosis-dependent conventional-dose antituberculosis therapy (standard of
care). Percentages for each group are the day 28 mortality proportions, estimated from the Kaplan-Meier curves. DH=diagnosis-dependent high-dose antituberculosis therapy. IC=immediate
conventional-dose antituberculosis therapy. IH=immediate high-dose antituberculosis therapy.

pp 16-17). Sensitivity analysis with inverse probability
weighting using either stabilised or unstabilised weights,
under a number of models for the probability of late
exclusions, did not appreciably alter the results (data not
shown).

We identified a 10-9 percentage point additive (risk
difference) interaction between timing and dosing of
antituberculosis therapy such that the lowest 28-day
mortality occurred in the immediate conventional-dose
and diagnosis-dependent high-dose groups (figure 2,
appendix 1 p 18). The 28-day mortality from the censored
Kaplan—-Meier curve was 22 (22:2% [SE 4-2]) of
99 participants in the immediate conventional-dose
group, 23 (23-2% [4-2]) of 100 in the diagnosis-dependent

high-dose group, 27 (28-0% [4-6]) of 97 in the diagnosis-
dependent conventional-dose (standard of care) group,
and 28 (28-3% [4-5]) of 99 in the immediate high-dose
group. Compared with the standard of care, the number
needed to treat to prevent one death by day 28 was 17-2
(95% CI number needed to harm [NNTH] 15:6 to oo
to number needed to benefit [NNTB] 5-5) with immediate
conventional-dose antituberculosis therapy and 20-8
(95% CI NNTH 13-5 to e to NNTB 5-9) with diagnosis-
dependent high-dose antituberculosis therapy (appendix 1
p 19).

We confirmed tuberculosis in 204 (52%) of
395 participants (appendix 1 p 3). Of the 272 (69%) partici-
pants with any identified pathogen, 51 (19%) had a
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Figure 4: Forest plots of risk of death at 28 days for prespecified subgroups relative to the standard of care

aHRs and 95% Cl were adjusted for country and altered mental status compared with the standard of care group (DC) to IC, IH, and DH. aHR=adjusted hazard ratio.
ART=antiretroviral therapy. DC=diagnosis-dependent conventional-dose antituberculosis therapy (standard of care). DH=diagnosis-dependent high-dose
antituberculosis therapy. ICsimmediate conventional-dose antituberculosis therapy. IH=immediate high-dose antituberculosis therapy. UVA=Universal Vital Assessment.

Immediate conventional-

adverse events

Treatment-related adverse events were classified as possibly, probably, or definitely related to the study intervention. Full details of adverse events are in appendix 1 (pp 10-14).

Immediate high-dose Diagnosis-dependent Diagnosis-dependent Total p value
dose antituberculosis antituberculosis therapy ~ conventional-dose high-dose antituberculosis (n=395)
therapy (n=99) (n=99) antituberculosis therapy  therapy (n=100)
(n=97)

Participants with at least one adverse event 40 (40%) 43 (43%) 39 (40%) 40 (40%) 162 (41%) 0-96
Participants with at least one treatment-related 6 (6%) 13 (13%) 5(5%) 9 (9%) 33(8%) 017
adverse event
Participants with a serious adverse event 35 (35%) 37 (37%) 32 (33%) 33(33%) 137 (35%) 0-90
Participants with treatment-related and serious 4 (4%) 8 (8%) 4 (4%) 6 (6%) 22(6%) 037

Table 2: Adverse events within 28 days of random assignment

pathogen within the spectrum of activity of ceftriaxone,
and 239 (88%) had a pathogen within the spectrum
of activity of ceftriaxone or antituberculosis therapy
(appendix 1 pp 4-5).®

In the subgroup of participants with confirmed
tuberculosis, immediate conventional-dose antituber-
culosis therapy reduced mortality compared with the
standard of care, diagnosis-dependent conventional-
dose group. The aHR for 28-day mortality relative to the
diagnosis-dependent conventional-dose group was 0-32
(95% CI 0-13-0-82; p=0-015) for the immediate
conventional-dose group (six [12%)] of 51 patients died
vs 18 [34%] of 53 patients); 0-51 (0-24-1-08; p=0-079)
for the diagnosis-dependent high-dose group (11 [20%]
of 56 vs 18 [34%] 53); and 0-63 (0-29-1-36; p=0-24) for
the immediate high-dose group (11 [26%] of 43
vs 18 [34%] 53; figure 3A, B, figure 4, appendix 1
pp 6-8, 20-22). The change in risk of death at 28 days
with immediate conventional-dose therapy compared
with diagnosis-dependent conventional-dose therapy
was —23% (95% CI 38 to —7) yielding a number needed

to treat to prevent one death of 4-4 (95% CI
NNTB 2-6 to 14- 3; appendix 1 p 19). The change in risk
of death at 28 days with diagnosis-dependent high-
dose therapy compared with diagnosis-dependent
conventional-dose therapy was —15% (95% CI -31 to 2),
yielding a number needed to treat to prevent one death
of 6:7 (95% CI NNTH 57-2 to ~ to NNTB 3-2;
appendix 1 p 19).

In further prespecified subgroup analyses of
participants who received immediate conventional-dose
antituberculosis therapy compared with participants who
received diagnosis-dependent conventional-dose antitu-
berculosis therapy, participants with CD4* T-cell
concentrations 200 cells per pL or less (16 [24%] of 68
vs 22 [37%] of 60 deaths) had an aHR of 0-51
(95% CI 0-27-0-98; p=0-044); those not receiving ART
(ten [229] of 46 vs 14 [32%)] of 44 deaths) had an aHR
of 0-57 (0-25-1-29; p=0-18); those with a BMI of
16-5 kg/m2 or less (eight [29%)] of 28 vs 13 [43%] of
30 deaths) had an aHR of 0-62 (0-26-1-51; p=0- 30); those
with a UVA score of 4 or less (seven [15%] of 48

www.thelancet.com/infection Published online January 28,2026 https://doi.org/10.1016/51473-3099(25)00747-9




Articles

vs ten [20%] of 51 deaths) had an aHR of 0-66 (0-25-1-74;
p=0-40), those with a lactate concentration less than
2 mmol/L (eight [21%] of 39 vs 12 [29%)] of 41 deaths) had
an aHR of 0-66 (0-27-1-62; p=0-36); and those with a
mid-upper arm circumference of 20 cm of less
(nine [31%] of 29 vs 15 [44%] of 34 deaths) had an aHR
of 0-69 (0-30-1-60; p=0-39; figure 4; appendix 1
pp 6-8, 23-28).

39 (10%) of 395 patients had tuberculosis bloodstream
infection, and 31 (8%) had bloodstream infections
from non-tuberculosis pathogens. Among those with
tuberculosis bloodstream infection, mortality was lowest
in groups receiving immediate antituberculosis therapy,
which was not observed among those with non-
tuberculosis bloodstream infection (figure 3C, D).

305 (77%) of 395 patients received antituberculosis
therapy by day 28. 198 (100%) of 198 patients in the
immediate groups received treatment within 24 h of
random assignment. By day 28, 107 (54%6) of 197 participants
in the diagnosis-dependent groups received antituberculosis
therapy, of whom 95 (89%) had treatment started within 24
h of random assignment (appendix 1 pp 3, 29). The
in-hospital mortality by day 28 was 20 (20%) of 99 patients
in the immediate conventional-dose group, 21 (21%) of 100
in the diagnosis-dependent high-dose group, 26 (27%) of 97
in the diagnosis-dependent conventional-dose (standard-of-
care) group, and 28 (28%) of 99 in the immediate high-dose
group, which did not significantly differ (p=0-44, %2 test).
Although proportionally more people were discharged by
day 28 in the immediate conventional-dose group than in
the diagnosis-dependent conventional-dose group, there
were no significant differences between any groups in the
proportions of participants discharged, ambulating, or with
temperature normalisation at 28 days (appendix 1
pp 9, 30-31). At 6 months, mortality rates estimated from
censored Kaplan—Meier curves were lowest for those in the
immediate conventional-dose (38 [38%)] of 99 patients) and
diagnosis-dependent high-dose groups (35 [35%] of 100)
compared with the standard of care diagnosis-dependent
conventional-dose group (40 [41%] of 97) and immediate
high-dose group (42 [42%] of 99; appendix 1 pp 32-33). In
the subgroup with confirmed tuberculosis, differences in
28-day mortality were sustained at 6 months. Relative to the
diagnosis-dependent conventional-dose group (6-month
mortality from censored Kaplan—Meier curve of 26 [49%] of
53 patients) the difference in mortality for the immediate
conventional-dose group was -22-2% (95% CI
—40-6 to —3-8), 6-month mortality from censored Kaplan—
Meier curve of 14 (27%) of 52 patients; for the
diagnosis-dependent high-dose group the difference was
-15-9% (-34-3 to 2-5), 19 (34%) of 56 patients; and for the
immediate high-dose group the difference was —6-2%
(-28-41015-9), 17 (44%) of 43 patients (appendix 1 pp 32-33).
Further analysis of mortality at 6 months will be reported
separately.

265 adverse events occurred in the 395 patients within
28 days (table 2; appendix 1 pp 10-13). 162 (41%) patients

had at least one adverse event; 137 (35%) had a serious
adverse event. There was no significant difference
among the four intervention groups regarding the
number of adverse events, the number of serious
adverse events, or the number of treatment-related
adverse events. However, there were numerically more
adverse events of drug-induced liver injury (appendix 1
pp 10, 13), and a greater number of participants with at
least one episode of increased alanine aminotransferase
and aspartate aminotransferase levels in the immediate
high-dose group than in any other group, and increased
total bilirubin in both high-dose groups compared
with both conventional-dose groups (appendix 1
pp 11-12).

Discussion

Unlike trials of sepsis outside of Africa where a pathogen
is identified in the minority, the ATLAS trial in adults
with HIV-related sepsis in east Africa found a plausible
pathogen in nearly 70% of patients. Tuberculosis was
found in more than half of the population and was the
most common pathogen.” Yet, when analysed as the
main effects, antituberculosis treatment delivered
immediately or at high dose did not significantly reduce
28-day mortality among all participants. When examined
by randomisation group, the absence of difference
between those receiving immediate versus diagnosis-
dependent antituberculosis therapy, and the absence of
difference between those receiving conventional-dose
versus high-dose antituberculosis therapy appeared to be
driven by an interaction between immediate timing and
higher dose. Accordingly, the lowest overall mortality
was observed in the immediate conventional-dose and
diagnosis-dependent high-dose groups. Despite clinically
significant immunocompromise and critical illness,
overall 28-day mortality was lower than expected, and
might reflect the high proportion of participants
ultimately treated for tuberculosis in all groups.*

In the prespecified subgroup with confirmed
tuberculosis, immediate conventional-dose antituber-
culosis therapy improved 28-day mortality compared with
standard of care, with a number needed to treat to prevent
one death of 4-4 people. The lower 28-day mortality in the
immediate conventional-dose group was likely a result of
immediately treating difficult-to-diagnose tuberculosis,
including bloodstream infection, that was frequently
missed with rapid diagnostic tests. This was further
supported by lower 28-day mortality in participants with
more severe immunocompromise in whom underlying
tuberculosis was more likely, including those with a CD4
T-cell concentration of 200 cells per pL or less, or those
who were not on ART at presentation.*” These findings
align with other retrospective studies of patients with
tuberculosis sepsis in which negative treatment outcomes
were observed from delays measured in hours in
initiating antituberculosis therapy,”® but are unlike
previous trials of ambulatory people living with HIV with

www.thelancet.com/infection Published online January 28,2026 https://doi.org/10.1016/51473-3099(25)00747-9



Articles

suspected tuberculosis, which did not show a benefit in
empiric tuberculosis treatment.”* This suggests that
even hours to pathogen-targeted therapy might matter for
those with tuberculosis sepsis.”

Lower mortality with immediate conventional-dose
tuberculosis treatment in those with later diagnosed
tuberculosis carries several important implications:
M tuberculosis is a likely causative pathogen of sepsis,
frequently associated with bloodstream infection in
people living with HIV, and not only a chronic disease;
and current diagnostic tests appear inadequate to guide
a rapid enough start of targeted treatment for the full
spectrum of tuberculosis infection. Novel diagnostics
for tuberculosis are in various stages of development,
but these have prioritised ambulatory patients.
Currently approved rapid diagnostics are often
unavailable in hospital settings where people living
with HIV present for critical care and are anticipated to
be less accessible with the recent loss of global funding.®
A strategy of immediate empirical antituberculosis
therapy in this patient population could potentially
contribute to antimicrobial resistance; however,
rifampicin is the only first-line antituberculosis drug
that might also be used to treat non-mycobacterial
disease. Typically, rifampicin is given as adjunct therapy
in these situations, so the overall impact on resistance
development and the treatment of clinical infection
would likely be minimal.

To our knowledge, the ATLAS trial is the first to use
30 mg/kg of rifampicin and 7-5 mg/kg of isoniazid in
people living with HIV with available oral formulations
among a critically ill population. However, immediate
high-dose antituberculosis therapy did not appear to
benefit all patients with confirmed tuberculosis in
contradistinction to our understanding that higher
serum exposures of bactericidal antituberculosis drugs
can hasten M tuberculosis killing in people with
pulmonary disease. Importantly, these findings reflect
similar results of two related trials in people with
disseminated tuberculosis and tuberculous meningitis.
In the NewStrat-TB trial,”? which evaluated 35 mg/kg of
oral rifampicin doses combined with levofloxacin and
corticosteroids to intensify treatment in inpatients with
disseminated tuberculosis in South Africa, an early
conference report suggested that the intensified regimen
was associated with a higher 2-week mortality.” In the
HARVEST trial,* participants were randomly assigned to
35 mg/kg of oral rifampicin for tuberculosis meningitis
in addition to standard of care combination anti-
tuberculosis therapy and corticosteroids. The HARVEST
trial found no benefit from higher dose rifampicin for
the primary outcome of 6-month mortality, and, in the
subgroup with HIV on ART, a higher mortality occurred
in those receiving high-dose compared with conventional-
dose rifampicin.*

We hypothesise that rapid killing of M tuberculosis
by immediate high-dose antituberculosis therapy

might have provoked a deleterious hyperinflammatory
immune response in participants with confirmed
tuberculosis in the ATLAS participants.” It is also
possible that immediate high-dose rifampicin con-
tributed to adrenal crises in participants with critical
illness-related corticosteroid insufficiency through
increased metabolism of endogenous corticosteroids,”
an interaction that might also explain findings in
the NewStrat-TB** and HARVEST* trials in those
groups receiving exogenous corticosteroids. Additional
pharmacokinetic and immunological studies from
ATLAS are planned.

Although there were no safety concerns in the
conventional-dose groups of ATLAS, a numerically higher
number of adverse events of drug-induced liver injury
occurred in the group receiving immediate high-dose
antituberculosis treatment. In trials of adults with
pulmonary tuberculosis, rifampicin oral doses of up to
35 mg/kg did not lead to severe hepatotoxicity;”* however,
mild gastrointestinal symptoms and hyperbilirubinaemia
have been observed in a dose-dependent manner. The
HARVEST trial* also reported that hyperbilirubinaemia
occurred significantly more frequently in the high-dose
rifampicin group and the number of drug-induced liver
injuries were also numerically more frequent compared
with the conventional-dose group, suggesting, along with
ATLAS findings, that higher dose rifampicin might be
harmful in critically ill populations.

Although the ATLAS trial examined two pharma-
cological interventions, antituberculosis timing and
dose, in a representative population from diverse regions
within two east African countries, and obtained nearly
complete retention of participants, adherence to trial
interventions, and ascertainment of all trial endpoints,
there were several limitations. Scoring systems for
sepsis have shown variable capacity for predicting
disease severity and mortality.” The UVA score has been
shown to provide additional predictive value for mortality
compared with qSOFA for patients in Africa,“* thus we
used the UVA score to further stratify severity of illness
and risk of death among participants who met modified
qSOFA criteria, rather than using the UVA score as an
inclusion criterion. Nevertheless, the observed mortality
estimates for the standard of care group were lower than
estimated in the trial design, suggesting a loss of power
for determining differences in the main effects. In a
previous study of sepsis from Uganda, the 26% mortality
for non-tuberculosis pathogens was similar to that of all
ATLAS groups without confirmed tuberculosis.’
Although biologically plausible and suggestive that the
improvement in mortality within the subgroup with
later confirmed tuberculosis was related to the
intervention and not overall standard of care in a trial
setting,” the persistently unchanged mortality in those
without tuberculosis might be attributed to other
ceftriaxone-resistant pathogens, such as those found in
25% of ATLAS participants with any identified
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See Online for appendix 2

non-tuberculosis pathogen. This observation suggests
the need to carefully re-examine the role of empirical
ceftriaxone in this patient population. Given that there
were no anticipated sex-based differences in 28-day
mortality, this was not a prespecified subgroup analysis,
and although all participants were of the same racial
categorisation, no further tribal or ethnicity affiliation
was collected. The secondary outcome of mortality at
6 months showed similar trends among treatment
groups to the primary outcome at 28 days as well as in
the subgroup with later confirmed tuberculosis, but,
given important differences in non-study clinicians’
decisions to continue tuberculosis treatment in those
without confirmed diagnoses after 28 days, those data
will be more fully reported separately. Last, despite
balance across baseline characteristics, there was a lower
number of participants with confirmed tuberculosis in
the immediate high-dose group, which might have
contributed to the discrepant finding of trends of
improved mortality for those with M tuberculosis
bloodstream infection but lack of benefit across all
participants in the group.

Of the 30 WHO-designated high co-burden tuberculosis—
HIV countries in 2025, 22 are in Africa. In ATLAS
participants, tuberculosis was the most common aetiology
of sepsis and diagnosed in the majority, including those
with bloodstream infection that would have otherwise
been missed with rapid diagnostics. Although there was
no overall benefit in immediate or high-dose antitu-
berculosis therapy, in prespecified subgroup analysis,
immediate conventional-dose antituberculosis therapy led
to a significant reduction in 28-day mortality among those
with later confirmed tuberculosis, whereas immediate
high-dose therapy did not, in alignment with emerging
evidence in other populations with advanced HIV and
extra-pulmonary tuberculosis.
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