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ABSTRACT

Introduction Sub-Saharan Africa shoulders the highest
burden of global sepsis and associated mortality. In high
HIV and tuberculosis (TB) prevalent settings such as sub-
Saharan Africa, TB is the leading cause of sepsis. However,
anti-TB therapy is often delayed and may not achieve
adequate blood concentrations in patients with sepsis.
Accordingly, this multisite randomised clinical trial aims to
determine whether immediate and/or increased dose anti-
TB therapy improves 28-day mortality for participants with
HIV and sepsis in Tanzania or Uganda.

Methods and analysis This is a phase 3, multisite,
open-label, randomised controlled clinical 2x2 factorial
superiority trial of (1) immediate initiation of anti-TB
therapy and (2) sepsis-specific dose anti-TB therapy in
addition to standard of care antibacterials for adults with
HIV and sepsis admitted to hospital in Tanzania or Uganda.
The primary endpoint is 28-day mortality. A sample size of
436 participants will provide 80% power for testing each
of the main effects of timing and dose on 28-day mortality
with a two-sided significance level of 5%. The expected
main effect for absolute risk reduction is 13% and the
expected OR for risk reduction is 1.58.

Ethics and dissemination This clinical trial will
determine the optimal content, dosing and timing of
antimicrobial therapy for sepsis in high HIV and TB
prevalent settings. The study is funded by the National
Institutes of Health in the US. Institutional review board
approval was conferred by the University of Virginia, the
Tanzania National Institute for Medical Research, and

the Uganda National Council for Science and Technology.
Study results will be published in peer-reviewed journals
and in the popular press of Tanzania and Uganda. We

will also present our findings to the Community Advisory
Boards that we convened during study preparation.

Trial registration number ClinicalTrials.gov
(NCT04618198).

INTRODUCTION
Sepsis is a syndrome of critical illness defined
as life-threatening organ dysfunction due to a
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The 2x2 factorial design of this pragmatic trial of
immediate initiation of anti-tuberculosis (TB) ther-
apy and sepsis-specific dose anti-TB therapy will
inform on the optimal content, dosing and timing of
antimicrobial therapy for adult sepsis in HIV and TB
endemic settings.

= Distinct clinical trial phenotypes coupled with
comprehensive molecular evaluation of alternative
pathogens of sepsis (by our multiplex Febrile lliness
TagMan Array Card-TAC) will allow for prespecified
subgroup analyses of those with confirmed TB.

= A pharmacokinetic (PK) analysis of the subset of
participants receiving immediate anti-TB therapy
will determine whether sepsis-specific dose anti-TB
therapy will significantly increase serum concen-
trations of rifampin and isoniazid and if those with
confirmed TB sepsis and PK parameters within tar-
get range have a significantly faster time to clinical
improvement.

= This pragmatic trial is endorsed by community advi-
sory board members.

= A limitation of this randomised controlled trial of an-
timicrobial therapy for adult sepsis in sub-Saharan
Africa is lack of blinding.

dysregulated host response to infection and
is the leading cause of global mortality." In
2017, the WHO made sepsis a global health
priority.” The highest burden of sepsis occurs
in low-income and middle-income countries,
and specifically in sub-Saharan Africa where
there are at least 1.2-2.2 million cases of
sepsis and 6.5 million deaths due to infection
annually.” * The majority of these patients
are living with HIV. Although little is known
about sepsis in the global South, we have
determined that the leading cause of sepsis
in this region is Mycobacterium tuberculosis
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Figure 1 Pyramid figure demonstrating the estimated
prevalence of (A) community-acquired bloodstream infections
in severely ill adults in industrialised countries versus (B)

high TB-HIV burden settings in sub-Saharan Africa. Adapted
from Int J Tuberc Lung Dis 2015 Oct;19(10):1128-34 with
permission.

(TB), which is responsible for 25%-30% of bloodstream
infections in septic patients’ (figure 1). TB sepsis is asso-
ciated with 20%-50% case fatality rates with the majority
of deaths occurring within the first 4-5 days of hospital
admission.’ However, it is difficult to identify TB sepsis
clinically or with diagnostic tests, which are often unavail-
able and have limited sensitivity. Therefore, TB can be
missed and patients with TB sepsis may not receive
anti-TB therapy, or if they do, treatment initiation may
be delayed.

We found that empirical treatment of TB in septic
patients in Uganda without a confirmed diagnosis of TB
was associated with improved 28 day mortality.” Impor-
tantly, however, pharmacokinetics (PK) and pharmacody-
namics studies of anti-TB therapy in hospitalised patients
have shown low circulating drug concentrations that are
suboptimal for microbial kill.* ¥ Therefore, our hypoth-
eses are that immediate anti-TB therapy will improve
28-day mortality compared with anti-TB therapy that is
administered only after a diagnosis is made, and that opti-
mised sepsis-specific dosing will improve 28-day mortality
compared with conventional WHO recommended weight-
based dosing regardless of the timing of administration.

We will test these hypotheses through A randomised
clinical Trial of early empiric Anti-Mycobacterium tuber-
culosis therapy for Sepsis in sub-Saharan Africa (ATLAS
trial). This ATLAS trial is strongly endorsed by Tanzanian
and Ugandan community advisory boards and will be
the first to determine the optimal content, dosing and
timing of the antimicrobial regimen for adult sepsis in
sub-Saharan Africa.

METHODS AND ANALYSIS

Study design

The ATLAS trial is a phase 3, multisite, open-label,
randomised controlled clinical 2x2 factorial superiority
trial of (1) immediate initiation of anti-TB therapy and
(2) sepsis-specific dose anti-TB therapy in addition to
standard of care antibacterials for adults with HIV and
sepsis admitted to our study sites at Kibong’oto Infec-
tious Diseases Hospital in Tanzania or Mbarara Regional
Referral Hospital in Uganda (figure 2). The primary
endpoint is 28-day mortality and the secondary endpoints
include in-hospital mortality, 6-month mortality, time to
death, duration of hospitalisation, time to anti-TB therapy,
adverse drug events during the 28-day study period, final
sepsis aetiology, time to ambulation and temperature
normalisation, Karnofsky score, and rifampin and isoni-
azid peak concentrations (Cmax) and total exposures as
determined by the area under the concentration—time
curve (AUC 0-24 hours). A sample size of 436 partici-
pants will provide 80% power for testing each of the main
effects of timing and dose on 28-day mortality with a two-
sided significance level of 5%. The expected main effect
for absolute risk reduction is 13% and the expected OR
for risk reduction is 1.58.

Study population

Study participants will be recruited consecutively from
each study site hospital and enrolled if they provide
consent, are 218 years old, living with HIV, and are found
to have sepsis defined as (1) clinical concern for infec-
tion, (2) 22 modified quick sepsis related organ failure
assessment (qSOFA) score criteria including respiratory
rate >222; GCS score <15; or systolic blood pressure <90
or mean arterial pressure <65 mm Hg."”'" We are using
a modified qSOFA score to maximise both clinical
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Adult patient requiring acute medical admission

\

* Age 218 years
* HIV seropositive

Screening and eligibility

* Resident within a pre-defined geographic area

* Provision of informed consent

* Clinical concern for infection * Not pregnant
* 22 modified gSOFA criteria including SBP <90 mmHg or MAP <65 mmHg

i

Clinical trial 2x2 factorial
design

Randomization 1. Immediate empiric anti-TB therapy

No

Yes

No

Randomization 2.

A. Diagnosis dependent/

conventional dose anti-TB therapy

* Standard care per admitting team
including ceftriaxone x7 days

* If subsequent TB test positive,
then WHO recommended weight-
based anti-TB therapy x28 days

B. Immediate anti-TB therapy/

conventional dose anti-TB therapy

* Standard care per admitting team
including ceftriaxone x7 days plus
immediate empiric WHO
recommended weight-based dose
anti-TB therapy x28 days

Sepsis specific dose
anti-TB therapy

C. Diagnosis dependent/sepsis
specific dose anti-TB therapy
e Standard care per admitting team

D. Immediate anti-TB therapy/sepsis
specific dose anti-TB therapy
* Standard care per admitting team

Yes including ceftriaxone x7 days

¢ If subsequent TB test positive,
then sepsis specific dose anti-TB
therapy x28 days

including ceftriaxone x7 days plus
immediate empiric sepsis specific
dose anti-TB therapy x28 days

Vv

Baseline procedures and investigations
*  WHO recommended TB diagnostics for clinical care  * Additional laboratory tests and clinical evaluation
o Sputum: AFB smear, Xpert Ultra, MGIT TB culture o Blood: CD4, CBC, CMP, CrAg, HIV VL, bacterial culture
o Urine: Alere Determine TB LAM, Xpert Ultra o Urine: bacterial culture
o Blood: mycobacterial culture (MYCO/F Lytic) o Clinical assessment including vital signs

\

Hospital care
* Provided by non-study attending team per local, national, and WHO guidelines

i

Data collection during hospitalization

* Experimental laboratory tests: Blood TAC PCR, serum pharmacokinetics ¢ Ambulatory status, Karnofsky score
* Timing of antibiotic, anti-TB therapy, and intravenous fluid * Length of stay

administration * Vital status
+ _Timing of ART administration/initiation v

28 day follow-up

* Vital status
* All participants will be linked to HIV/TB care for management of anti-TB therapy and/or provided isoniazid
preventive therapy

i

6 month follow-up

e Vital status
¢ Document final TB treatment status

Figure 2 Schema of the ATLAS trial. ART, antiretroviral therapy; ATLAS, A randomised clinical TriaL of early empiric Anti-
Mycobacterium tuberculosis therapy for Sepsis in sub-Saharan Africa; MAP, mean arterial pressure; SBP, systolic blood
pressure; TAC, TagMan Array Card.
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simplicity as part of this pragmatic trial and to select
participants who are at the highest risk of death and
therefore the most likely to benefit from early empirical
anti-TB therapy.” '*'?"¥ Study participants found to have a
positive serum cryptococcal antigen test will be excluded
as they would have a high expected case fatality rate and
among those receiving anti-TB therapy would bias the
study outcome to a null result whether or not they also
had TB."* We will also exclude potential participants with
known active TB or who have received TB treatment in
the 6 months preceding the time of presentation to the
hospital (including isoniazid preventive therapy), preg-
nant or lactating women, and those with known liver
disease or significant alcohol use.

Interventions

After participants have been screened and consented to
join the study, they will be randomised by a computer-
generated, permuted-block randomisation algorithm with
random block sizes of 4 and 8 in a 1:1:1:1 ratio stratified
according to site and the presence or absence of altered
mental status at the time that informed consent was
obtained. Randomisation and data capture and storage
will be conducted via research electronic data capture
(REDCap) software. The two treatment randomizations
include (1) immediate initiation of anti-TB therapy plus
standard care or diagnosis-dependent anti-TB therapy
plus standard care, and (2) sepsis-specific dosed anti-TB
therapy with rifampin (~30 mg/kg), isoniazid (~7.5 mg/
kg), pyrazinamide, and ethambutol using a combina-
tion of single dose (isoniazid and rifampin) and fixed
dose combination tablets, plus pyridoxine or conven-
tional WHO recommended weight-based anti-TB therapy
with rifampin (~10 mg/kg), isoniazid (~5b mg/kg),

pyrazinamide, and ethambutol in fixed dose combina-
tion tablets, plus pyridoxine, as recommended by WHO’s
‘Treatment of Tuberculosis Guidelines’ and the Uganda
and Tanzania Ministries of Health.'” All participants
receive serial blood testing to monitor for adverse events
possibly associated with study interventions (table 1).

Participants not randomised to immediate initiation
of anti-TB therapy but who are subsequently found to
have TB by WHO-recommended TB tests (sputum and
urine Xpert MTB/RIF Ultra, Alere Determine LF-Li-
poarabinomannan (LAM) and/or TB culture) or clini-
cally diagnosed with TB will receive anti-TB therapy with
the dosing to follow the ‘Randomization 2’ assignment
(figure 2). Hence, the 2x2 factorial design will create
four distinct study groups: (1) immediate empirically
initiated conventional anti-TB dose treatment, (2) imme-
diate empirically initiated sepsis-specific anti-TB dose
treatment, (3) diagnosis-dependent conventional anti-TB
dose (only administered if ultimately confirmed or clini-
cally suspected to have TB), and (4) diagnosis-dependent
sepsis-specific anti-TB dose (only administered if ulti-
mately confirmed or clinically suspected to have TB).
According to the WHO Integrated Management of
Adolescent/Adult Illness Guidelines for severe infections,
ceftriaxone is the firstline recommended agent for the
treatment of bacterial sepsis, as it treats the most common
non-TB bacterial pathogens.'® Thus, all study participants
will be administered ceftriaxone for 7 days, but clinicians
may alter this portion of the treatment regimen as needed
based on the clinical scenario.

Participants receiving anti-TB therapy (conventional
or sepsis-specific dose) will receive anti-TB therapy per
protocol until 28 days to coincide with the evaluation

Table 1 Schedule of events for the ATLAS trial

Screening/

enrolment Day Day

Day Day Day Day 6 Unscheduled

Data collection instrument Day 1 2 3 7 14 21 28 Discharge Months visit
Screening o

Verification of consent o

Randomisation °

Baseline chart review °

Vital signs ° ° ° ° ° ° ° ° ° °
Baseline medical assessment °

Concomitant medication review o o . . ° ° ° ° o °
Baseline specimen collection ° °

Study drug medications follow-up ° . . ° ° ° ° . °
Follow-up outcomes ° . ° ° ° o . .
Follow-up specimen collection . . ° . .
6 month follow-up o

PK sampling °

ATLAS, A randomised clinical TriaL of early empiric Anti-Mycobacterium tuberculosis therapy for Sepsis in sub-Saharan Africa; PK,

pharmacokinetic.
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of the primary endpoint of 28-day mortality, which is a
frequently used endpoint for sepsis trials and allows for
close follow-up in our study settings.'” Study personnel
will be responsible for linkage of all participants and their
TB test results to the local antiretroviral/TB clinic where
their care will be managed from 28 days forward. We
anticipate that the overwhelming majority of study partic-
ipants who receive TB treatment and survive to the 28-day
evaluation will be continued on conventional TB treat-
ment but stakeholders in Tanzania and Uganda preferred
this decision to be made independent of the study team.
Study participants randomised to sepsis-specific anti-TB
therapy dosing who continue on anti-TB therapy after
28 days will revert to conventional WHO recommended
weight-based dosing. Participants not randomised to
empiric immediate initiation anti-TB therapy who do
not subsequently receive anti-TB therapy will be linked
to care for consideration of isoniazid preventive therapy
at 28 days.

Diagnostic testing, procedures and definitions

The trial was open for enrollment on 4 June 2021. The
duration of the trial is expected to last 36 months. Study
procedures start at screening and continue through 6
months of follow-up (table 1). Data will be entered into
a REDCap software database. Study personnel at each
site will complete informed consent forms, case report
forms, and data collection tools according to standard
operating procedures and as determined by regulatory
authorities. All study documents will be stored securely
at the study sites for a minimum of 5 years. If a protocol
change is required, it will be submitted to the relevant
ethics committees for approval.

At enrolment, all participants will undergo sampling
of blood, sputum, and urine to identify the aetiology of
sepsis through conventional microbiological methods
and novel assays and for future biomarker studies.
Conventional methods will include culture of blood
(BacTec 9050), sputum, and urine for bacteria. For eval-
uation of TB, all participants will have WHO-approved
rapid TB diagnostics including GeneXpert MTB/RIF
Ultra on sputum and urine, Alere Determine LF-LAM on
urine, as well as mycobacterial culture of sputum (MGIT
960 system) and blood (BACTEC Myco/F system). Serum
cryptococcal antigen will be tested on blood from all
potential participants prior to enrollment. Rapid malaria
testing and other targeted pathogen testing will be at
the discretion of the treating clinician. Novel diagnostics
will include the use of the multiplex TagMan Array Card
(TAC) assay which targets 44 pathogens associated with
febrile illness in East Africa, to be run in batch analysis5
(figure 3). The final aetiology of sepsis will be defined
as ‘confirmed TB sepsis’ if any of the rapid diagnostic
tests (Xpert MTB/RIF Ultra, Alere Determine LF-LAM,
sputum AFB smear) are positive, or if M. tuberculosis
complex is identified by mycobacterial culture or TAC
assay; ‘non-TB sepsis’ if the bacterial cultures or TAC assay
identify a causative pathogen (excluding cytomegalovirus

or Plasmodium species monoinfection by TAC card, as
these may be co-occurring infections that are not primary
drivers of sepsis in adults); and ‘unconfirmed sepsis’ if all
diagnostic assays are negative.” '®

Data analysis plan

The survival time for each participant will be defined
as the time from randomisation until death, discharge
(alive) prior to 28 days, or censored (alive) at day 28.
Kaplan-Meier curves will be used to estimate the survival
distribution. Comparisons at day 28 will be based on
survival estimates and standard errors after complemen-
tary log-log transformation. Subsequent confirmatory
analyses will use Cox proportional hazards models to esti-
mate the main effects of timing and dose, adjusting for
the stratification factors (site and altered mental status)
and whether or not the participant tested positive for TB.
A second proportional hazards model will also be fitted,
which will estimate main effects of timing and dose and
add participant characteristics at baseline to the previous
model. While the analyses are focused primarily on the
main effects, subsequent exploratory analyses will esti-
mate and test for interactions between timing and dose.

For in-hospital mortality, we anticipate no censoring
and X* tests will be used to compare the randomised
treatment groups. Subsequent analyses will use logistic
regression to compare in-hospital mortality among the
randomised treatment groups, adjusting for participant
characteristics. For 6-month mortality, we anticipate that
many observations will be censored prior to 6 months,
that is, participants are known to be alive at a point prior
to 6 months but are lost to follow-up prior to the 6 month
visit. The analyses for this endpoint will be the same as
for the primary 28-day mortality, in which we will estimate
and compare the survival curves among the groups at a
specific pointin time (6 months). For other ‘time-to-event’
endpoints, including duration of hospitalisation, time
to ambulation, time to temperature normalisation, and
time to anti-TB therapy (within the diagnosis-dependent
groups), the substantial level of mortality requires that
mortality be taken into account in comparing the time-to-
events distributions among groups.'’

For comparing adverse events, the proportion of partic-
ipants experiencing at least one adverse drug event will be
tabulated and compared with a X test. Subsequent anal-
yses will use logistic regression to compare the propor-
tions adjusting for clinical and laboratory variables. X*
tests will also be used to compare the groups with respect
to the final sepsis aetiology. Methods for ordinal categor-
ical variables, such as the proportional models, will be
used to compare the groups with respect to Karnofsky
score. The assumptions underlying this model will be
checked and if the proportional odds assumption does
not hold, continuation ratio models will be used. Subse-
quent analyses will add clinical and laboratory variables
to compare the groups after adjusting for these variables.

For the analysis of the subset of participants under-
going PK testing, we hypothesise that sepsis-specific
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Figure 3 Example of a quantitative PCR-based TagMan Array Card used to determine aetiology of bloodstream infection in
the ATLAS trial. ATLAS, A randomised clinical TriaL of early empiric Anti-Mycobacterium tuberculosis therapy for Sepsis in sub-

Saharan Africa.

dose anti-TB therapy will significantly increase serum
concentrations of isoniazid in the early treatment interval
compared with conventional dosing, and >95% of partic-
ipants treated with sepsis specific dosing for rifampin will
have Cmax and AUC at or above target values. Further-
more, those with confirmed TB sepsis and PK parameters
within target range are expected to have a significantly
faster time to clinical improvement. We will select those
participants randomised to immediate anti-TB initiation
to have timed blood sampling on day-2 after treatment
and perform PK testing on all (n=218). We will collect
four venous blood draws within the dosing interval (1, 2,
4 and 6 hours after medication administration). Serum
will be stored at -80°C and serum concentrations will be
measured using validated high-performance liquid chro-
matography for isoniazid and liquid chromatography—
tandem mass spectrometry for rifampin.

The PK exposure-clinical outcome relationship will
be evaluated based on the final aetiology of sepsis by
comparing Cmax, Tmax, clearance (CL/F) and AUC to
markers of early clinical recovery. Isoniazid and rifampin
PK parameters will serve as exposure variables. Early

assessments of clinical improvement are the outcome
measures as continuous-valued variables, including time
to durable normalisation of temperature,” time to ambu-
lation,?" Karnofsky score,'" length of hospitalisation, and
time to death, stratified by final aetiology of sepsis catego-
rization. These endpoints will be compared with general
linear models or Wilcoxon rank-sum tests, as appropriate.
Death will be considered a competing risk.

Overall trial safety and planned interim analyses

The number and type of adverse events will be tabu-
lated by treatment group and site. ” tests will be used
to compare the groups on the proportion of patients in
each group experiencing severe adverse events. Analyses
are planned for after 25%, 50%, 75% and 100% of partic-
ipants have reached the primary endpoint determina-
tion. The interim analyses will be guided by Lan-Demets
boundaries using the O’Brien Fleming spending function
for efficacy and futility.** The boundaries will be applied
separately to the main effects of timing and dose. The
study Data Safety Monitoring Board (DSMB) will have
the responsibility for recommending changes to the study
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based on these interim analyses. These decisions could
include terminating the study based on safety concerns,
or terminating accrual to one or more of the anti-TB
therapy groups. In the case that accrual to at least one
group is terminated, the DSMB, with the assistance of the
study statistician, will make a recommendation as to how
remaining participants should be allocated.

Sample size calculation
Sample size calculations indicate that enrolling 109
participants per group (a total of 436 participants) yields
sufficient power to meet the primary objectives of the
trial, to examine the main effects of the timing of anti-TB
therapy and the use of sepsis-specific dosing on 28-day
mortality. To reach this goal, each of two regional sites
in Moshi, Tanzania and Mbarara, Uganda will enrol 218
participants over a 3-year period, a requirement of 72-73
participants per country per year. This calculation allows
for 20% of participants to be discharged (alive) prior
to day 28. Kaplan-Meier curves will be used to estimate
the survival distribution for each of the four groups, esti-
mating and comparing 28-day mortality based on the
complementary log-log transformation.*

The sample size was calculated to give 80% power, with
a two-sided significance level of 5%, for testing each of
the main effects of timing and dose on 28-day mortality,
assuming a 28-day mortality of 45% in the diagnosis-
dependent timing/conventional dose group (upper
left cell ‘a’ in figure 2), 32% in each of the diagnosis-
dependent timing/sepsis-specific dosing and immediate
timing/conventional dose groups (off-diagonal cells
‘b’ and ‘¢’ in the figure 2), and 19% in the immediate
timing, sepsis-specific dose group (lower right cell ‘d’
in the figure 2). The calculations allow for a 20% loss to
follow-up. An interaction plot for these assumed propor-
tions is shown in figure 4.

0.50
0.45 ]
0.40
0.35
0.30 S~
0.25 e

0.20 ~e
0.15
0.10 ]
0.05
0.00

Conventional |

2B-day maortality
!

Sepsis=Specific

Diogﬁosis Immediate

dependent
Timing of Dose
Figure 4 Interaction plot of estimated effects of immediate
and sepsis-specific dosing strategies in the ATLAS trial.
ATLAS, A randomised clinical TriaL of early empiric Anti-
Mycobacterium tuberculosis therapy for Sepsis in sub-
Saharan Africa.

Data availability

This study will comply with the NIH Data Sharing Policy
and Policy on the Dissemination of NIH-Funded Clinical
Trial Information and the Clinical Trials Registration and
Results Information Submission rule. As such, the ATLAS
trial is registered at ClinicalTrials.gov; information and
results from this trial will be submitted to ClinicalTrials.
gov. In addition, we will publish results in peer-reviewed
journals. Data from this study may be requested 5
years after the completion of the primary endpoint by
contacting the principal investigators Moore and Heysell;
however, a portion of data will be deposited in a publically
accessible repository (eg, NIH TB Portals), as per NIH
guidelines.

Patient and public involvement

As we prepared the trial protocol to submit for funding,
we convened community advisory boards in both Tanzania
and Uganda composed of lay stakeholders, religious
leaders, and non-affiliated medical personnel to discuss
the merits of the study to discuss the trial. The response
from both Tanzanian and Ugandan community advisory
boards was overwhelmingly supportive of the trial and for
inclusion of the conventional dosing arm. The results of
the study trial will be disseminated in the lay press, scien-
tific conferences, and in peer-reviewed journals.

DISCUSSION

Here, we present the ATLAS trial, a 2x2 factorial
randomised clinical trial which aims to determine
whether immediate and/or sepsis-specific dosing will
improve 28-day mortality for study participants admitted
to hospital with HIV and sepsis in Tanzania and Uganda.
In doing so, we will determine the optimal content,
timing, and dosing of antimicrobial therapy for sepsis in
areas with a high HIV and TB prevalence in sub-Saharan
Africa.

The WHO endorses a stepwise empirical initiation of
anti-TB therapy among patients who are unable to be
tested for TB by sputum smear and/or urine LAM, or
have been tested but have negative results. Specifically,
seriously ill hospitalised patients in HIV-endemic settings
with a history of prolonged cough should receive anti-TB
therapy only if they have not demonstrated clinical
improvement while receiving routine parenteral antibi-
otics for 3-5 days. In a study of 467 patients from Tanzania,
this stepwise treatment algorithm led to missed treatment
in 48% of patients who ultimately had TB positive sputum
cultures.** These data suggest that additional survival
benefit could be accrued from early anti-TB therapy.

There are other published clinical trials of empirical
anti-TB therapyin participants with HIV. The REMEMBER
study was a clinical trial of empirical combination anti-TB
therapy for active TB disease compared with isoniazid
preventative therapy in outpatients with advanced HIV
initiating antiretroviral therapy (ART) that took place at
18 sites in 10 countries.” Patients identified with active
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TB at screening were excluded. There was no difference
in the primary outcome of death or unknown vital status
24 weeks after randomisation, which occurred in 5% of
study participants. There was an increased rate of AIDS
progression in the empirical anti-TB treatment group,
mainly due to an increased incidence of TB. This finding
was attributed to possibly increased discontinuation rates
of ART and anti-TB therapy, diagnostic suspicion bias,
and less likely unmasking TB-immune reconstitution
inflammatory syndrome in the empirical anti-TB treat-
ment group. Similarly, in the STATIS study conducted in
six centres at two sites in Africa and two sites in Southeast
Asia, there was no difference in death or invasive bacterial
infection over 24 or 48 weeks among adults with advanced
HIV who had not previously received ART who received
systematic empirical anti-TB therapy when compared
with those who received TB screening guided anti-TB
therapy.”® The overall mortality in this trial was 9%.

In these empirical anti-TB therapy trials in predomi-
nantly outpatients with HIV, the mortality was much lower
than would be expected from a sepsis clinical trial where
case fatality rates are expected to be 20%-50%. Further-
more, there is a higher likelihood of active disseminated
TB in patients with HIV and sepsis compared with outpa-
tients initiating ART. Therefore, the incremental benefit
of empirical anti-TB therapy is likely to be higher in this
ATLAS trial of anti-TB therapy for sepsis compared with
prior studies of empirical anti-TB therapy in the outpa-
tient setting. There are a myriad of non-TB infections
that can lead to sepsis in this region including Entero-
bacteriaceae, non-Typhoid Salmonella, Staphylococcus
aureus, and Streptococcus pnewmoniae among others.” *’ Tt
is also possible that there may be additional benefit of
an anti-TB regimen that includes rifampin, in addition to
the ceftriaxone that all study participants will receive, in
the treatment of non-TB infections. We are further opti-
mistic that our inclusion of a sepsis-specific dosing arm
will provide additional discrimination of benefit among
a patient population with a high likelihood of subop-
timal exposure of anti-TB drugs when otherwise given at
conventional doses.”

The ATLAS trial is anchored on early TB interven-
tion and optimisation of the key anti-TB drugs, rifampin
and isoniazid. The major potential limitation of the trial
design is the lack of blinding, which could introduce
bias based on known treatment allocation and poten-
tially alter participant outcomes. However, it would be
logistically challenging to mask immediate vs diagnosis-
dependent anti-TB therapy, which could lead to alloca-
tion errors. Furthermore, given the high severity of illness
of study participants, we expected a high case fatality
rate which would require knowledge of the randomis-
ation assignment and whether or not participants were
receiving anti-TB therapy and at what dose. Another
limitation of the trial is the potential for differences in
clinical management of study participants at the two trial
sites. To counter this limitation, the study teams, along
with local clinicians, will oversee the management of the

study participants and will adhere to the WHO guide-
line recommendations for the treatment of patients with
HIV and suspected TB.!® Nonetheless, at its conclusion,
the results of the ATLAS trial will provide the optimal
content, dosing and timing of antimicrobial therapy for
sepsis in high HIV and TB prevalent settings, which will
have significant implications for national and interna-
tional sepsis treatment guidelines.

Ethics and dissemination

The study is funded by the National Institutes of Health
in the US and will be performed according to the Decla-
ration of Helsinki and Good Clinical Practice. The trial
is registered at ClinicalTrials.gov (NCT04618198). Institu-
tional review board approval was conferred by the Univer-
sity of Virginia (HSR200253), the Tanzania National
Institute for Medical Research (NIMR/HQ/R.8a/Vol.
IX/3664), and the Uganda National Council for Science
and Technology (HS1272ES). Written informed consent
will be obtained from each study participant (online
supplemental file 1). Study results will be published in
peerreviewed journals and presented at international
scientific conferences. We will also present our findings
to our community advisory boards and aim to publish our
findings in the lay press of Tanzania and Uganda.
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