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Abstract 

Background HIV‑associated tuberculosis (TB) contributes disproportionately to global tuberculosis mortality. 
Patients hospitalised at the time of the diagnosis of HIV‑associated disseminated TB are typically severely ill and have 
a high mortality risk despite initiation of tuberculosis treatment. The objective of the study is to assess the safety 
and efficacy of both intensified TB treatment (high dose rifampicin plus levofloxacin) and immunomodulation 
with corticosteroids as interventions to reduce early mortality in hospitalised patients with HIV‑associated dissemi‑
nated TB.

Methods This is a phase III randomised controlled superiority trial, evaluating two interventions in a 2 × 2 factorial 
design: (1) high dose rifampicin (35 mg/kg/day) plus levofloxacin added to standard TB treatment for the first 14 days 
versus standard tuberculosis treatment and (2) adjunctive corticosteroids (prednisone 1.5 mg/kg/day) versus identi‑
cal placebo for the first 14 days of TB treatment. The study population is HIV‑positive patients diagnosed with dis‑
seminated TB (defined as being positive by at least one of the following assays: urine Alere LAM, urine Xpert MTB/
RIF Ultra or blood Xpert MTB/RIF Ultra) during a hospital admission. The primary endpoint is all‑cause mortality at 12 
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weeks comparing, first, patients receiving intensified TB treatment to standard of care and, second, patients receiving 
corticosteroids to those receiving placebo. Analysis of the primary endpoint will be by intention to treat. Secondary 
endpoints include all‑cause mortality at 2 and 24 weeks. Safety and tolerability endpoints include hepatoxicity evalua‑
tions and corticosteroid‑related adverse events.

Discussion Disseminated TB is characterised by a high mycobacterial load and patients are often critically ill at pres‑
entation, with features of sepsis, which carries a high mortality risk. Interventions that reduce this high mycobacterial 
load or modulate associated immune activation could potentially reduce mortality. If found to be safe and effective, 
the interventions being evaluated in this trial could be easily implemented in clinical practice.

Trial registration ClinicalTrials.gov NCT04951986. Registered on 7 July 2021

https:// clini caltr ials. gov/ study/ NCT04 951986

Keywords HIV, Disseminated tuberculosis, High dose rifampicin, Levofloxacin, Prednisone, Randomised controlled 
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Introduction
Background and rationale {6a}
Tuberculosis (TB) is the leading cause of death (40%), 
hospitalisation (18%) and in-hospital death (25%) in peo-
ple living with the human immunodeficiency virus (HIV) 
globally [1]. Case fatality rates of hospitalised patients 
diagnosed with HIV-associated TB in Africa range 
between 11 and 32% [2–6]. A study conducted in Malawi 
and South Africa nested within the STAMP trial [7] 
described clinical characteristics and mortality in HIV-
positive patients who had rapid urine-based screening for 
TB upon admission to hospital [6]. Mortality was 30.7% 
by day 56 in patients with confirmed TB by Xpert MTB/
RIFⓇ (Cepheid) or urine Determine TB-lipoarabinoman-
nan (LAM)  AntigenⓇ (Abbott) assay. The median time to 
death was 12 days (interquartile range, IQR 5–27 days) 
and 32.3% of deaths occurred within 7 days of admission 
[6].

Our research group previously reported 12-week 
mortality of 21.5% in an observational cohort study of 
576 HIV-positive patients diagnosed with TB whilst 
admitted to Khayelitsha Hospital, South Africa [4]. 
Over half of the deaths in this study occurred in the first 
14 days after enrolment and 37% of deaths occurred 
within 7 days despite timeous initiation of anti-tuber-
culosis treatment [4]. Key findings from this study were 
that mortality was associated with high blood concen-
trations of host biomarkers characterising sepsis, higher 
number of positive markers of TB dissemination (urine 
Alere LAM, urine Xpert MTB/RIF, blood Xpert MTB/
RIF Ultra and tuberculosis blood culture) [4] and an 
immune signature characterised by higher blood con-
centrations of soluble mediators associated with the 
innate immune system [4]. Amongst the biochemical 
markers of sepsis, patients who died had significantly 
higher venous lactate, C-reactive protein, procalcitonin, 
D-dimer and creatinine.

Nested within this study [4] was a sub-study that 
assessed Xpert MTB/RIF Ultra (Xpert Ultra) as a diag-
nostic tool for TB blood stream infection and investi-
gated cycle threshold as a quantitative disease biomarker 
[8]. Blood Xpert Ultra was positive in 37% of patients 
(165 of 447) with microbiologically confirmed tubercu-
losis [8]. Quantitative blood Xpert Ultra results (cycle 
threshold) were more closely associated with mortality 

than other TB biomarkers including blood culture, urine 
LAM or urine Xpert [8].

A meta-analysis has shown that disseminated TB 
(mycobacterial spread through the blood stream to 
organs such as the liver, spleen and lymph nodes) was 
found in 88% of post-mortems of HIV-positive adults 
who died with active TB [7]. Our research group has 
explored the contribution of disseminated TB to mor-
tality using three tests where positivity is associated 
with TB dissemination: urine Alere LAM (Alere) ≥1 
reading, urine Xpert MTB/RIF positive for Mycobacte-
rium tuberculosis (MTB), and Myco F/lytic blood cul-
ture positive and MTB identified [4]. In the Khayelitsha 
observational cohort 65% of patients hospitalised with 
HIV-associated TB had evidence of disseminated TB 
defined as one or more of these markers being posi-
tive. Positivity of these markers was associated with 
death and patients with a higher number of positive 
biomarkers for TB dissemination had higher mortal-
ity [4]. Blood cultures were positive for MTB in 38.2% 
of patients overall and in 51.6% of patients who died. 
A sub-study quantified mycobacterial load in blood 
and changes over the first 72 h of anti-tuberculosis 
treatment using three tests: Xpert Ultra, Myco/F lytic 
culture and a novel microscopy technique using a fluo-
rescent probe 4-N,N-dimethylaminonaphthalimide-
trehalose (DMN-Tre). Patients who died had a higher 
probability of having a higher mycobacterial load at all 
time points compared to survivors and showed some 
evidence of slower clearance of these markers on anti-
tuberculosis treatment [9].

Furthermore, in the Khayelitsha observational study, 
soluble mediators of inflammation were measured, 
and two major immune profiles were identified using 
principal components analysis. Patients who died had 
higher concentrations of soluble mediators related to 
the innate immune system and chemotactic signal-
ling such as IL-8, MIP-1β/CCL4, IP10/CXCL10 and 
MIP-1α, the anti-inflammatory mediator, IL-1Ra and 
the pro-inflammatory marker IL-6. These mediators 
dominated one of the two major principal components 
and was associated with mortality when included in 
a Cox proportional hazards model (adjusted hazards 
ratio (aHR) =2.2 95% confidence interval (95% CI) = 
1.9–2.7) after adjusting for age, HIV viral load and 
sex. Mediators broadly classified as T-cell associated 
(IL-4, IL-17, RANTES/CCL5, IL-7, IL-12p70, IL-5, 
IFN-γ, IL-13 and growth factors (fibroblast growth fac-
tor, platelet-derived growth factor and transforming 
growth factor-beta 1) were lower in patients who died 
and dominated the second and third principal compo-
nent. This profile was protective when included in a 
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Cox proportional hazards model with aHR = 0.7 (95% 
CI = 0.5–1.0) [5].

International treatment guidelines currently recom-
mend that hospitalised HIV-positive patients with dis-
seminated TB who often present with clinical features 
compatible with a sepsis syndrome [10, 11] are treated 
with the same initial treatment used for ambulant 
HIV-negative outpatients with pulmonary tubercu-
losis. Based on our prior research, we think that dis-
seminated HIV-associated TB is a more severe clinical 
entity than pulmonary TB with much higher risk of 
fatal outcomes. Therefore, specific therapeutic inter-
ventions need to be developed and evaluated for treat-
ment of this condition. Intensified anti-TB treatment 
that reduces the highly disseminated mycobacterial 
load more rapidly in these patients could potentially 
improve clinical outcomes. Immunomodulation of 
aberrant host responses could also potentially improve 
survival. This clinical trial evaluates two novel treat-
ment strategies (intensified initial tuberculosis treat-
ment and immunomodulation with corticosteroids) 
for patients hospitalised with HIV-associated dis-
seminated TB with the aim of informing treatment 
guidelines and improving outcomes for this patient 
population.

Rationale for trial interventions

1) Intensified tuberculosis treatment

The first intervention being evaluated is intensified ini-
tial tuberculosis treatment which includes both higher 
dose rifampicin (35 mg/kg/day) and the addition of lev-
ofloxacin to the initial 14 days of standard tuberculosis 
treatment to potentially increase bactericidal activity of 
the regimen and more rapidly reduce the disseminated 
mycobacterial load.

a) Higher dose rifampicin

Rifampicin was introduced as a tuberculosis treat-
ment in the 1970s and was initially limited to a max-
imum dose of 10 mg/kg/day mainly due to fear of 
dose-related hepatic toxicity but also due to cost con-
siderations [12]. Recent studies suggest that this dose 
does not achieve optimal antimicrobial activity and 
doses of up to 50 mg/kg have been tested in clini-
cal trials. The PanACEA MAMS-TB trial was a ran-
domised controlled open label trial that investigated 
different rifampicin doses in combination with other 
standard first-line tuberculosis drugs and regimens 
where standard drugs were replaced by moxifloxa-
cin or SQ109 in patients with pulmonary tuberculosis 

[13]. The primary endpoint was time to sputum cul-
ture conversion in liquid media. The regimen includ-
ing rifampicin 35mg/kg/day resulted in significantly 
faster sputum conversion in liquid culture by 12 weeks. 
Patients in the rifampicin 35 mg/kg/day arm achieved 
culture conversion in liquid media at a median of 48 
days compared to 62 days in the control arm with 
rifampicin 10 mg/kg/day (adjusted HR 1.78, 95% CI 
1.22–2.58) [13].

The safety profile of the experimental arm with 
rifampicin 35 mg/kg/day in the PanACEA MAMS-TB 
trial was similar to the control arm with rifampicin 10 
mg/kg/day [13]. A small dose finding trial that enrolled 
60 patients with tuberculous meningitis in Indonesia sug-
gested improved survival in these patients when using 
high dose rifampicin (30 mg/kg/day) [14].

The PanACEA HIGHRIF1 was a study to evaluate the 
safety, tolerability, pharmacokinetics and early bacte-
ricidal activity of higher doses of rifampicin. Patients 
received 40 or 50 mg/kg rifampicin once daily as mono-
therapy (days 1–7), thereafter supplemented by standard 
doses of other TB medication namely isoniazid, pyrazina-
mide and ethambutol (days 8–14). During monotherapy, 
87% (13 out of 15) of patients in the 40 mg/kg dose group 
reported 36 adverse events in total whilst all 17 patients 
in the 50 mg/kg dose reported a total of 93 adverse events 
[15]. The adverse events were mostly mild or moder-
ate and related to tolerability rather than safety. These 
included gastrointestinal disorders, pruritis, hyperbiliru-
binemia and jaundice [15]. Together, these studies sug-
gest that doses of rifampicin up to 40 mg/kg/day, but not 
higher, are safe and tolerated.

Higher doses of rifampicin result in non-linear 
increases in plasma exposure due to saturation of hepatic 
metabolism. Pharmacokinetic models which incorporate 
autoinduction and saturation of hepatic enzymes have 
shown that increasing the rifampicin dose to 35 mg/kg/
day results in 667% higher predicted 24-h plasma area 
under the curve (AUC) at 14 days compared to 10 mg/kg/
day [16] with >99% of patients attaining target exposure 
in plasma defined by murine models, compared to 60% of 
patients who received rifampicin 10 mg/kg/day [17, 18].

b) Addition of levofloxacin

Fluoroquinolones have been used in the treatment of 
tuberculosis since the 1980s when ofloxacin was used to 
treat patients who had failed first-line treatment, includ-
ing patients with drug resistance [19]. In vitro and animal 
studies have showed that fluoroquinolones have potent 
bactericidal and sterilising activity [20–22]. Human stud-
ies have demonstrated early bactericidal activity (EBA) 
for moxifloxacin that approximates isoniazid. EBA is 
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defined as the fall in the log [10] colony-forming units 
(cfu) of Mycobacterium tuberculosis per millilitre of 
sputum per day. The mean EBA for moxifloxacin in one 
study was 0.53 (95% CI 0.28–0.59) and that for isoniazid 
0.77 (95% CI 0.54–1.00) [23].

The efficacy of fluoroquinolones has been studied 
extensively in ‘TB treatment-shortening’ clinical trials 
involving the replacement of an individual drug in the 
standard first-line regimen with a fluoroquinolone and 
a shorter duration of the regimen [24–26]. Two studies 
used moxifloxacin [25, 27], whilst one used gatifloxacin 
[24]. These studies did not demonstrate non-inferiority to 
standard therapy in terms of successful end-of-treatment 
outcomes. However, patients receiving fluoroquinolones 
demonstrated a shorter time to sputum culture-conver-
sion compared to standard therapy [25]. In vitro studies 
have shown that moxifloxacin is the most active fluoro-
quinolone against rapidly growing Mycobacterium tuber-
culosis with minimum inhibitory concentrations (MIC) 
comparable to that of isoniazid [28, 29].

In an open-label phase 3 randomised controlled trial 
comparing 4 months rifapentine containing regimens 
with or without moxifloxacin for drug-sensitive pulmo-
nary tuberculosis, the regimen containing moxifloxacin 
was non-inferior to the standard TB regimen (control) 
[30]. Participants in the 2 intervention arms received 8 
weeks of rifapentine (1200 mg), isoniazid and pyrazina-
mide at the standard doses and either ethambutol (stand-
ard doses) or moxifloxacin at 400 mg daily. The 9-week 
continuation phase for both these arms did not include 
pyrazinamide whilst the group without moxifloxacin also 
dropped ethambutol after the first 8 weeks. The con-
trol regimen consisted of standard TB treatment with 
rifampicin, isoniazid, ethambutol and pyrazinamide for 8 
weeks and 18 weeks of rifampicin and isoniazid [30]. The 
addition of rifapentine at high daily doses with moxiflox-
acin showed evidence for treatment shortening for tuber-
culosis [30].

There are drug–drug interactions between moxifloxa-
cin and rifampicin that resulted in reduced moxifloxacin 
exposure [31, 32]. In a study by Nijland and colleagues, 
the moxifloxacin mean AUC (0–24 h) was reduced by 
31% and mean maximum concentration (Cmax) by 32% 
when co-administered with rifampicin in healthy volun-
teers [31]. Levofloxacin does not have drug–drug inter-
actions with rifampicin and is less likely to cause QT 
prolongation than moxifloxacin [33] and was therefore 
chosen as the fluoroquinolone in this trial.

Levofloxacin’s bactericidal activity is concentration 
dependent, and efficacy is predicted by AUC (0–24 
h) to minimum inhibitory concentration (MIC) ratio. 
Levofloxacin has excellent early bactericidal activity 
(EBA) against Mycobacterium tuberculosis and can be 

administered as a once-daily dose. When isoniazid and 
levofloxacin were given as monotherapy for patients with 
sputum-positive TB for 7 days, levofloxacin had a com-
parable mean EBA in the first 2 days (0–2) of 0.45 log 10 
cfu/ml/day (SD 0.35 and 95% CI 0.20–0.71) to that of iso-
niazid which was 0.67 log10 cfu/ml/day (SD 0.17 and 95% 
CI 0.55–0.80). Side effects of fluoroquinolones include 
headache, fever, rash, vomiting, diarrhoea, visual dis-
turbance and tenderness over tendons. The more severe 
adverse events of fluoroquinolones include seizures and 
collagen-associated adverse events for example aortic 
aneurysms, dissections and tendon ruptures [34, 35]. 
The use of levofloxacin requires a risk–benefit consider-
ation, but severe side effects are rare. Levofloxacin also 
has activity against community acquired gram-negative 
and gram-positive bacteria, another potential benefit. We 
hypothesise that the addition of levofloxacin and higher 
dose rifampicin will increase the bactericidal efficacy of 
the regimen, reduce disseminated Mycobacterium tuber-
culosis load more rapidly and improve survival in this 
patient population.

2) Adjunctive corticosteroids for immune modulation

The second intervention being evaluated is adjunc-
tive prednisone, a corticosteroid, administered together 
with the initial 14 days of tuberculosis treatment. Cor-
ticosteroids are commonly used as adjunctive therapy 
in the treatment of infections for their immune modu-
latory properties. Corticosteroid adjunctive therapy 
reduced mortality in TB meningitis, constriction in TB 
pericarditis and hospitalisation when used for treat-
ment of TB-IRIS (immune reconstitution inflammatory 
syndrome) [36–39]. In a randomised controlled trial for 
the prevention of paradoxical TB-IRIS conducted by our 
group, prednisone reduced incidence of TB-IRIS by 30% 
[40]. Meta-analyses show that adjunctive corticoster-
oids reduce mortality in pneumonia (RR = 0.66, 95%CI 
= 0.47–0.92) and sepsis (RR = 0.87, 95%CI = 0.76–1.00) 
[41, 42].

In a phase 3 multicentre, randomised controlled trial 
amongst intensive care unit patients with severe com-
munity-acquired pneumonia receiving standard therapy 
including antibiotics and supportive care, hydrocorti-
sone 200 mg daily for either 4 or 8 days as determined by 
clinical improvement and then tapering for 8 or 14 days 
reduced the risk of death by day 28 [43]. Amongst 795 
patients whose data was analysed, death by day 28 had 
occurred in 6.2% (CI 3.9–8.6) in the hydrocortisone arm 
compared to 11.9% (CI −8.7–15.1) in the placebo arm 
[43].

The potential side effects of prednisone include gas-
tritis, hyperglycaemia, hypertension, avascular necrosis, 
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myopathy, depression, mania, increased risk of malig-
nancy and infections ([44, 45]. In the PredART trial 
investigating prednisone for the prevention of paradoxi-
cal TB-associated IRIS, there was no difference in the 
incidence of new AIDS (acquired immune deficiency 
syndrome) defining illnesses or invasive bacterial infec-
tions in the prednisone group compared to placebo. 
There were no differences in glucocorticoid side effects 
between the prednisone and placebo group [40]. In the 
investigation of the management of tuberculous peri-
carditis (IMPI) trial evaluating prednisolone and Myco-
bacterium indicus pranii, prednisolone was given for 
6 weeks (120 mg for a week, then 30 mg reduction per 
subsequent week until 30 mg in week 4 then 15 mg and 
5 mg in the last week). There was no difference in the 
incidence of opportunistic infections in the prednisolone 
group compared to the placebo group, 6.89/100 patient 
years and 5.91/100 patient years, respectively, HR = 1.16 
(95% CI 0.84–1.61) [36]. Prednisolone was however asso-
ciated with a higher incidence of cancers in HIV-positive 
patients [36].

A Cochrane systematic review assessed the effects of 
adjunctive corticosteroids on overall mortality and the 
need for mechanical ventilation in HIV-positive patients 
with pneumocystis pneumonia and substantial hypox-
emia [46]. The review included studies that compared 
corticosteroids to placebo or usual care in addition to 
baseline treatment with cotrimoxazole, pentamidine or 
dapsone-trimethoprim and reported mortality data [46]. 
The risk ratios for overall mortality for adjunctive cor-
ticosteroids were 0.56 (95% CI 0.32–0.98) at 1 month 
and 0.59 (95% CI 0.41–0.85) at 3–4 months follow-up. 
Amongst adults, nine patients needed to be treated to 
prevent one death in a setting without antiretroviral 
therapy (ART) [46]. Adjunctive corticosteroids were not 
associated with an increase in severe opportunistic com-
plications except for oesophageal candidiasis in a study 
by Gallant and colleagues [46]. One study by Bozzette 
and colleagues [47] found an increase in mucocutane-
ous herpes simplex infections. Pneumocystis pneumo-
nia is more common with CD4 counts below 200 cells/
mm3 and in patients not on ART [48]. Mortality benefit 
from corticosteroids was demonstrated in this group of 
patients with severe immunosuppression from advanced 
HIV without an increased incidence of major corticos-
teroid side effects. The increased risk of infections is a 
concern in patients with disseminated HIV-associated 
TB patients, but the evidence above does not suggest an 
increased risk of life-threatening infections when courses 
of prednisone of less than 4 weeks duration have been 
used.

In the prior observational cohort study of patients hos-
pitalised with HIV-associated tuberculosis  conducted by 
our group, mortality was associated with elevated plasma 
concentrations of soluble inflammatory mediators, espe-
cially innate immune mediators and lower concentrations 
of lymphocyte-associated mediators [4]. Corticosteroids 
modulate the innate immune response and inhibit inflam-
matory responses by regulating gene expression through 
interaction with the glucocorticoid response element; 
they also cause direct protein–protein interference with 
transcription and affect cellular signal transduction cas-
cades involving secondary messengers [49].

The use of corticosteroids in TB of various clinical phe-
notypes has been studied for decades, yet no controlled 
evidence exists for their use in patients with dissemi-
nated tuberculosis [49, 50]. One rationale for the use of 
adjunctive corticosteroids in disseminated tuberculo-
sis is that tuberculosis treatment may result in transient 
inflammation-mediated deterioration provoked by bac-
illary death and antigen release. In one study, HIV-neg-
ative patients with severe pulmonary tuberculosis had 
an increase in TNF-a and lactate during early treatment 
[51]. Our finding in the prior observational cohort study 
[4] that mortality was associated with higher concentra-
tions of markers of innate immune activation and chem-
otactic signalling combined with the efficacy and safety 
of corticosteroids in treating and preventing paradoxical 
TB-IRIS [40], which is an inflammatory condition char-
acterised in part by innate immune activation, provides 
rationale for evaluating corticosteroids as adjunctive 
treatment in disseminated HIV-associated TB.

Severe and fatal SARS-CoV-2 (severe acute respira-
tory syndrome coronavirus 2) have been associated with 
higher concentrations of innate immune mediators in 
plasma [52, 53] similar to disseminated HIV-associated 
tuberculosis [4]. In a randomised controlled trial, dexa-
methasone at a dose of 6 mg daily for up to 10 days in 
hospitalised patients with SARS-CoV-2 infection requir-
ing oxygen therapy resulted in improved 28-day survival 
[54]. The 28-day mortality rate ratio (RR) comparing 
the dexamethasone group to the standard of care group 
was 0.83 (95% CI 0.75–0.93). Amongst patients requir-
ing mechanical ventilation and those who received oxy-
gen therapy but no ventilation, the RR was 0.64 (95% CI 
0.51–0.81) and RR = 0.82 (95%CI 0.72–0.94), respectively 
[54]. This provides further evidence that corticosteroids 
improve survival in other infections in which the host 
inflammatory response contributes to pathogenesis and 
outcome.

The use of prednisone or placebo as study medication 
in the NewStrat-TB trial will not overlap with the use of 
prednisone for the prevention of paradoxical TB-IRIS 
because patients not on ART will only start or restart 
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ART after 2 weeks of tuberculosis treatment and would 
then start prophylactic prednisone at this time and after 
completing their study medication [54].

We are evaluating prednisone at a dose of 1.5 mg/kg/
day for 14 days in a placebo-controlled strategy. Our 
hypothesis is that prednisone will favourably modu-
late the innate immune response and thereby reduce 
mortality in patients with disseminated HIV-associated 
tuberculosis.

3) Rationale for factorial design

The advantage of the 2 × 2 factorial design is its effi-
ciency allowing investigators to evaluate two interven-
tions in one trial, each of which is applicable to and has 
equipoise in the same patient population. Given the 
costs, time and effort involved in conducting large clini-
cal trials in this complex patient population, there is 
strong rationale for addressing the efficacy and safety of 
both these interventions within the one trial, as opposed 
to undertaking two separate trials which would double 
the number of participants required and increase costs 
and time to results.

Objectives {7}
The main objective of the study is to assess the safety 
and efficacy of both intensified TB treatment (addition 
of high dose rifampicin (35 mg/kg/day) plus levofloxacin 
to standard anti-tuberculosis therapy for initial 14 days) 
and immunomodulation with adjunctive prednisone for 
initial 14 days as interventions to reduce mortality in 
hospitalised patients with disseminated HIV-associated 
tuberculosis compared to standard anti-tuberculosis 
therapy.

The primary efficacy endpoint is all-cause mortality at 
12 weeks.

The secondary objectives involve assessing the 
following:

1. In-hospital mortality during index admission.
2. All-cause mortality at 2 and 24 weeks, respectively.
3. Change in venous lactate over 14 days of study medi-

cation administration.
4. Change in C-reactive protein over 14 days of study 

medication administration.
5. Change in haemoglobin over 14 days of study medi-

cation administration.

The safety and tolerability of both interventions will 
also be assessed.

Trial design {8}
The trial is a phase III, randomised controlled superior-
ity trial, with a 2 × 2 factorial design enrolling patients 
hospitalised with HIV-associated disseminated tubercu-
losis. We are investigating the safety and efficacy of two 
interventions: [1] intensified tuberculosis treatment with 
higher dose rifampicin and the addition of levofloxacin 
and [2] adjunctive prednisone, both for the initial 14 days 
of tuberculosis treatment. The first intervention involves 
open-label standard weight-based tuberculosis treatment 
(rifampicin, isoniazid, ethambutol and pyrazinamide) 
with additional rifampicin to achieve a dose of 35 mg/
kg daily for 14 days plus levofloxacin (750 mg for weight 
< 46 kg, 1000 mg for ≥ 46 kg) for 14 days and the com-
parator is standard weight-based four-drug tuberculosis 
treatment with rifampicin dosed at 10 mg/kg daily. The 
second intervention is placebo-controlled prednisone at 
1.5 mg/kg/day for 14 days. All patients continue standard 
tuberculosis therapy from day 15 to complete 6 months 
of tuberculosis treatment Fig. 1.

Methods: participants, interventions and outcomes
Study setting {9}
The study is being conducted at three secondary-level 
public sector hospitals in Cape Town, South Africa, 
namely Mitchells Plain Hospital, Khayelitsha Hospital 
and New Somerset Hospital. Between 01 June 2022 and 
22 June 2023, there were more than 50,000  people diag-
nosed and recorded with TB in the Western Cape prov-
ince [55]: 4074 in the Mitchells Plain subdistrict, 3918 
in the Khayelitsha subdistrict and 4578 in the Western 
subdistrict of Cape Town [55]. Khayelitsha Hospital is 
a 330-bed hospital [56] with 74 medical beds (personal 
communication). Mitchells Plain Hospital is a 390-bed 
hospital. It has about 120 medical beds (personal com-
munication). New Somerset Hospital is a 352-bed hospi-
tal with 91 medical beds (personal communication).

Eligibility criteria {10}
The inclusion and exclusion criteria are listed in Table 1. 
The exclusion criteria include conditions that may 
increase the risk of harm related to either of the interven-
tions. Patients who require corticosteroids for an existing 
indication are also excluded.

Who will take informed consent? {26a}
The doctors, nurses and clinical research workers have 
the responsibility of taking informed consent. After the 
consent process, an immediate review and quality control 
check is completed by another team member. Consent is 
taken in the patient’s language of choice.
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Two consent processes occur prior to enrolment. A 
screening consent is completed at screening and an 
enrolment consent as appropriate thereafter. If a patient 
is unable to consent, the team attempts to get in touch 
with the next of kin or relative for consent. If the patient 
is unable to consent and the next of kin cannot be 
reached, they are entered into a delayed consent process 
described below.
Delayed consent
We have approval from the University of Cape Town 
Human Research Ethics Committee to screen and enrol 
patients who are confused or have depressed level of 
consciousness, who are unable to provide informed con-
sent themselves and have no next of kin available to pro-
vide consent. These patients should have documented 
HIV status and their ongoing participation, if enrolled, 
requires permission from an independent consent review 

committee that we have established (consisting of inde-
pendent health care workers and community members). 
The trial team provides documentation of efforts made to 
contact next of kin and an assessment of capacity to con-
sent daily, to the independent consent review committee, 
by day 5 of enrolment. If the committee agrees that rea-
sonable efforts to contact family were made, they give a 
recommendation to the trial team to request the ethics 
committee for a consent waiver by day 7 of the trial. A 
consent waiver allows the trial team to keep the patient 
in the trial until either the patient can consent for them-
selves or a next of kin is found.

The rationale for including these patients is that these 
are the most severely ill group of patients with HIV-
associated disseminated TB. Patients with disseminated 
TB often manifest a sepsis syndrome including altered 
mentation. These patients are severely ill and would 

Fig. 1 Trial schema. Standard TB treatment is rifampicin at 10 mg/kg/day, isoniazid 5 mg/kg/day, ethambutol 15–20 mg/kg/day, pyrazinamide 
15–25 mg/kg/day. mg milligramme, kg kilogramme
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potentially benefit the most should these interventions 
be found to be effective and safe. Studies often exclude 
severely ill patients but we contend that excluding the 
most severely ill patients could potentially create a treat-
ment evidence gap amongst patients with HIV-associated 
disseminated TB. If we excluded this group of patients, 
this could also bias the findings and affect their gener-
alisability. It was therefore important for us to develop 
procedures for including these severely ill patients whilst 
ensuring their autonomy is protected.

Once patients with reduced capacity to consent are 
enrolled, the study team checks daily if capacity has 
been regained by the participant and if next of kin can 
be reached for consent. If the participant is unable to 
consent and the next of kin is not contacted by day 5, 
the consent review committee is contacted for permis-
sion to retain the participant in the trial. The consent 
review committee are tasked with deciding whether the 
trial team has made reasonable efforts to contact the next 
of kin by day 7 of enrolment. If the team demonstrates 
reasonable efforts in having tried to contact the next of 
kin and there is evidence that daily review of the partici-
pant for regained capacity has occurred, the committee 
gives permission for the trial team to contact the ethics 
committee for a consent waiver for the participant to 
continue in the trial. If efforts demonstrated by the team 

are not adequate, the committee could recommend the 
participant be withdrawn from the study and all samples 
discarded.

Assessment of capacity to consent and efforts to con-
tact next of kin are conducted daily, with the aim of 
obtaining informed consent as soon as is feasible. We 
obtain delayed consent from the participant whenever 
full capacity is regained if permission was given by a next 
of kin or a waiver of consent was obtained. See delayed 
consent process in the Appendix.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
We have ethical approval for the study from the University 
of Cape Town Faculty of Health Sciences Human Research 
Ethical Committee, HREC ref 001/2021. We also have 
permission from UCT Institutional Biosafety Committee 
(ref IBC053-2020) for the use of biological specimens. We 
obtain consent for sub-studies when the main study con-
sent is taken, and patients have the option to take part in 
the main study without being part of the sub studies.

Interventions
Explanation for the choice of comparators {6b}
The trial is comparing the interventions to the stand-
ard of care for disseminated TB treatment in HIV. 

Table 1 Eligibility criteria

Inclusion criteria
 1. Aged ≥18 years
 2. Confirmed HIV infection
 3. Disseminated TB confirmed by one or more of the following tests being positive
 a. Lysed blood Xpert Ultra positive for MTB
 b. Concentrated urine Xpert Ultra positive for MTB
 c. Urine Alere LAM positive
 4. Hospital clinical team made decision to initiate TB treatment
Exclusion criteria
 1. Pregnant or breastfeeding
 2. Current active SARS-CoV-2 infection (tested SARS-CoV-2 PCR positive on nasopharyngeal, mid-turbinate swab or sputum within 14 
days prior to presentation).
 3. TB treatment within the last 1 month or more than 2 doses of TB treatment received during current illness
 4. Known rifampicin resistance
 5. Neurological TB including TB meningitis, tuberculomas/space-occupying lesions, cerebral oedema and TB spine
 6. Receiving or requiring corticosteroid or other immunosuppressive therapy
 7. Alanine transferase >120 IU/L or total bilirubin >34 μmol/L
 8. Plasma CrAg positive or cryptococcal meningitis
 9. Current malignancy requiring active treatment (including any Kaposi sarcoma lesions)
 10. Patients on PI-based antiretroviral therapy for longer than 2 years who do not have evidence of recent virological suppression (in the 
past 12 months)
 11. Diabetic ketoacidosis or hyperosmolar non-ketotic acidosis
 12. Uncontrolled epilepsy (known epileptic who is not currently taking treatment, known epileptic on treatment but had a seizure in the 
past one year)
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This standard of care is current practice and defined in 
national and international guidelines [57, 58].

Interventions description {11a}
Intervention 1: intensified tuberculosis treatment 
versus standard tuberculosis treatment
Participants in the control arm receive daily fixed dose 
combination tablets each containing isoniazid 75 mg, 
rifampicin 150 mg, ethambutol 275 mg and pyrazina-
mide 400 mg with the dose according to their weight 
band (Table  2) for 8 weeks. Those in the intervention 
arm receive the above standard treatment plus additional 
rifampicin to make the dose up to 35 mg/kg daily plus 
additional levofloxacin 750 mg or 1000 mg daily for 14 
days. The study pharmacist prepares, packages and labels 
the medication in blister packs. The medication is sup-
plied by the trial for the first 14 days and then by the rou-
tine treating facility from day 15 onwards. Following the 
first 14 days, participants from both arms complete the 
intensive and continuation phase weight-based standard 
tuberculosis treatment.

Experimental arm: rifampicin dosing strategy
We are using a similar dosing strategy to that used in 
the LASER-TBM trial, a phase IIA trial of the safety and 
tolerability of increased dose rifampicin and adjunctive 
linezolid, with or without aspirin for HIV-associated 
tuberculous meningitis [59]. Simulations were per-
formed to determine the dose of rifampicin required 
to achieve the most equitable drug exposures across 
the weight range 30 to 100 kg. Demographic data of a 
reference cohort of tuberculosis patients (n = 1225), 
with or without HIV co-infection, recruited in clinical 
trials conducted in West Africa and South Africa were 
used for the simulations [60–63]. An additional 12,250 
virtual patients were generated using the weight and 
height distributions of the 1225 patients to increase 
the number of patients with a weight close to the 
boundaries of the weight range. Parameter estimates 
of the population PK model for rifampicin were used 
to simulate (100 replicates) rifampicin exposures [17]. 
This strategy approximates equitable exposures across 
weight bands to enable similar rifampicin exposures to 
be tested for all participants and to avoid lower expo-
sures for patients in lower weight bands compared with 
higher weight bands when using the same milligramme 
per kilogramme dose.

Four dosing scenarios were evaluated using the weight-
band based dosing with four-drug fixed drug combina-
tion (FDC) tablets and extra rifampicin tablets with each 
tablet containing 150 mg or 600 mg rifampicin. The FDC 
tablets were assumed to have 20% reduced bioavailability 
based on data from a clinical trial where the same formu-
lation was used [64]. In this trial, we are using the same 
and similar FDC tablets to that reported in this publica-
tion that are provided by the Department of Health [61].

Table  3 shows the dosing in weight bands, providing 
balanced distribution in predicted exposures, which are 
being used to dose rifampicin in our trial in the experi-
mental arm.

Table 2 Tuberculosis treatment for participants randomised to 
the control arm

R rifampicin, H isoniazid, Z pyrazinamide, E ethambutol

Standard treatment of new and previously treated tuberculosis 
for adults in the South African National Department of Health 
Guidelines

Pre-treatment 
body weight

Intensive phase
(daily for 2 months)

Continuation phase
(daily for 4 months)

RHZE
(150/75/400/275)

RH (150/75) RH (300/150)

30–37 kg 2 tablets 2 tablets

38–54 kg 3 tablets 3 tablets

55–70 kg 4 tablets 2 tablets

>70 kg 5 tablets 2 tablets

Table 3 Rifampicin dosing for participants randomised to the experimental arm

WHO Band 1 Band 2 Band 3 Band 4

New-Strat TB trial Band 1 Band 2 Band 3 Band 4 Band 5

Weight range 30–37 kg 38–54 kg 55–65 kg 66–70 > 70 kg

R10HZE 300 450 600 600 750

R25 additional 1200 1350 1500 1650 1950

Total rifampicin 1500 1800 2100 2250 2700

Weight at 35 mg/kg dose 43 51 60 64 77

Dose at lower weight limit (mg/kg) 50 47 38 41 38

Dose at upper weight limit (mg/kg) 41 33 32 35 30
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Intervention 2: corticosteroids versus identical placebo
The intervention is prednisone tablets (5 mg) and the 
control arm receives identical placebo tablets. The 
study medication has been manufactured and supplied 
by the Gulf Drug Company, Durban, South Africa. This 
generic pharmaceutical company supplies prednisone 
to public sector hospital pharmacies in South Africa 
(marketed as Trolic 5 mg tablets). Participants receive 
1.5 mg/kg daily of prednisone (or identical placebo) for 
14 days. Participants start this study medication on the 
same day as trial tuberculosis medication. Prednisone 
or placebo is stopped at study day 14. The prednisone 
dose is not weaned because of the short duration of 
therapy and because concomitant rifampicin induces 
prednisone metabolism resulting in predicted decreas-
ing exposure over 14 days of prednisone administration 
(Tables 4 and 5).
Criteria for discontinuing or modifying allocated 
interventions {11b}
Patients are followed up until treatment completion at 6 
months. There is more regular follow up in the first 14 
days of therapy. Liver function tests, renal function and 
a full blood count are done on follow-up days 2, 4, 7 and 
14. Significant hepatitis, or isolated hyperbilirubinemia 

with symptoms, results in a change to alternative TB 
treatment but the continuation of the prednisone/pla-
cebo. More details of this are described below.

As far as possible, the interventions are continued 
unless there are safety concerns. In this case, the drug 
that is likely to be the culprit is stopped and if needed an 
alternative TB treatment regimen prescribed.

If sepsis due to an infection other than TB develops, 
there is a new diagnosis of a malignancy or it is deemed 
for any reason that prednisone may place a participant at 
health risk, the prednisone/placebo study medication is 
discontinued.

Strategies to improve adherence to interventions {11c}
Medication is packed by trial pharmacists in a clearly 
labelled blister pack. When patients are still hospitalised, 
medication is issued by trial nurses over the weekdays 
and hospital nurses over the weekend. Patients are coun-
selled on possible side effects and encouraged to report 
any symptoms. The nurses teach the patients how to take 
the medication on discharge. Empty blister packs are 
returned to the trial team when medication is finished. 
Only 1 week’s TB treatment is issued at a time since 
patients are reviewed on day 7. They receive the sec-
ond blister pack to complete 14 days at the day 7 review. 
Counselling is done to support adherence at all visits.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
Clinical management
Antiretroviral therapy
South African National Department of Health guidelines 
are followed for ART [65]. All patients who fulfil criteria 

Table 4 Levofloxacin dosing for participants randomised to the 
experimental arm

Weight Levofloxacin dose

<46 kg 750 mg daily

≥46 kg 1000 mg daily

Table 5 Study medication dose adjustment for participants with renal dysfunction

eGFR estimated glomerular filtration rate, HD haemodialysis, PD peritoneal dialysis, CRRT  continuous renal replacement therapy (table adapted from information 
obtained from Sanford guide App version 6.4.12, the EMGuidance application (https:// emgui dance. com) and levofloxacin doses as per Republic of South Africa: 
Department of Health: Management of Rifampicin resistant tuberculosis: A clinical reference: 2019

Drug eGFR 50–90 eGFR 30–50 eGFR 10–30 eGFR < 10 Dialysis

Rifampicin No dose adjustment No dose adjustment No dose adjustment No dose adjustment No dose adjustment

Isoniazid No dose adjustment No dose adjustment No dose adjustment No dose adjustment No dose adjustment

Ethambutol 15–25 mg/kg daily 15–25 mg/kg every 
24–36 h

15–25 mg/kg every 
36–48 h

15 mg/kg every 48 h 15 mg/kg every 48 h 
after dialysis for HD 
and PD. 15–25 mg/kg 
daily on CRRT 

Pyrazinamide 25 mg/kg daily 25 mg/kg daily 25 mg/kg every 48 h 25 mg/kg every 48 h 25 mg/kg every 48 h 
after HD. 25 mg/kg every 
24 h on PD/CRRT 

Levofloxacin (patients 
<46 kg)

750 mg daily 750 mg every 48 h 750 mg every 48 h 750 mg every 48 h 750mg every 48 h

Levofloxacin (patients 
≥46 kg)

1000 mg daily 1000 mg every 48 h 1000 mg every 48 h 1000 mg every 48 h 1000 mg every 48 h

Prednisone (or placebo) No dose adjustment No dose adjustment No dose adjustment No dose adjustment No dose adjustment

https://emguidance.com
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for entering this trial are eligible to start, restart or con-
tinue ART according to these guidelines. Patients start 
and continue ART at their local community health cen-
tres via referrals from the trial team or may be started on 
ART by the trial team at the study site. In patients who 
have interrupted ART or are ART naïve, ART initiation 
is timed according to the CD4 count. Participants with 
CD4 counts less or equal to 50 cells/mm3 are commenced 
on ART at 2 weeks on tuberculosis treatment [65]. Those 
with CD4 counts above 50 cells/mm3 start ART within 8 
weeks of TB treatment. Participants initiating ART with 
CD4 counts below 100 cells/mm3 are started on concom-
itant prednisone (40 mg for 14 days then 20 mg for the 
next 14 days) for prevention of paradoxical TB-IRIS in 
line with findings of the PredART trial [40].

Cotrimoxazole prophylaxis
Tuberculosis is an indication for cotrimoxazole prophy-
laxis in HIV-positive patients. All trial participants are 
eligible for co-trimoxazole prophylaxis unless they are 
known to have a sulphonamide allergy. Dapsone will be 
considered for those with sulphonamide allergy.

Management of presumed paradoxical TB‑IRIS
We are monitoring for paradoxical TB-IRIS. This includes 
patients who develop new or recurrent TB symptoms or 
fever, enlarging lymph nodes or worsening chest radio-
graph pulmonary infiltrates, enlarging effusions or new 
or recurrent neurological features. TB-IRIS is a diagno-
sis of exclusion and appropriate investigations to exclude 
other diagnoses are done.

If the diagnosis of paradoxical TB-IRIS is made with 
reference to the International Network for the Study of 
HIV-associated IRIS (INSHI) case definition [66, 67], 
corticosteroids may be prescribed to treat TB-IRIS at 
physician discretion.

Management of drug‑induced liver injury (DILI)
If drug-induced liver injury occurs during follow-up, 
patients are managed according to local clinical guidelines 
which are based on the American Thoracic Society guide-
lines for management of TB drug hepatotoxicity [68].

Elevation of alanine transaminase (ALT) of more than 
three times upper limit of normal with symptoms or 
ALT of more than five times with or without symptoms 
requires stopping of tuberculosis treatment. Patients are 
placed on at least three alternative drugs whilst moni-
toring for improvement of liver function tests. Drugs 
considered in the alternative regimen are linezolid, levo-
floxacin, terizidone, ethambutol, ethionamide and ami-
kacin. Rechallenge of first-line drugs is considered when 
total bilirubin is normal and ALT <100 IU/l. Rifampicin is 

rechallenged first followed by isoniazid. Pyrazinamide is 
only rechallenged in certain patients. There is no rechal-
lenge of high dose rifampicin in this trial; participants in 
the intensified tuberculosis treatment arm with DILI are 
rechallenged with standard TB treatment. Adjustments 
may be made to the ART regimen and cotrimoxazole 
prophylaxis may be stopped. The prednisone/placebo 
study medication is not stopped in event of a DILI.

Management of isolated hyperbilirubinaemia
Rifampicin competes for the bilirubin transporter in the 
liver and through this mechanism may cause elevated 
bilirubin in the absence of liver injury. This occurs in the 
first 2 weeks of rifampicin treatment and tends to be self-
limiting despite continuation of the drug. Patients who 
develop isolated bilirubin elevation, but remain asympto-
matic without INR elevation, without elevation of ALT to 
more than three times upper limit of normal and without 
alkaline phosphatase elevation to more than three times 
baseline, will continue tuberculosis treatment with close 
monitoring of bilirubin and these parameters.

Management of non‑tuberculous mycobacterial 
(NTM) infections
If patients are found to have a disseminated non-tuber-
culous mycobacterial infection after enrolment, they are 
commenced on appropriate treatment and continue trial 
follow-up. In such patients who were urine LAM posi-
tive, but all tests for tuberculosis were negative (including 
both the blood and urine Xpert MTB/RIF Ultra), a deci-
sion to stop tuberculosis treatment may be made after 
full clinical review.

Rifampicin‑resistant tuberculosis
Known rifampicin resistance is an exclusion criterion, 
but if the diagnosis is made after enrolment patients are 
switched to appropriate rifampicin-resistant tuberculosis 
treatment based according to national guidelines. Partici-
pants diagnosed with rifampicin-resistant TB continue to 
be followed up in the trial.

Isoniazid‑resistant tuberculosis
This is diagnosed on drug susceptibility testing per-
formed on culture isolates and is treated according to 
national guidelines with the addition of levofloxacin to 
the standard first-line tuberculosis drug regimen (RHEZ) 
for the remaining duration of treatment. These patients 
are also followed up to trial completion.

New onset seizures
If patients develop new seizures in the first 2 weeks of the 
trial and are in the intensified TB treatment arm and thus 
receiving high dose rifampicin and levofloxacin as part 
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of their TB treatment, levofloxacin is stopped due to its 
potential to reduce seizure threshold [69] but the high 
dose rifampicin and the other TB drugs are continued.

Concomitant medication
Protease inhibitors
Co-administration of protease inhibitors (PIs) and 
rifampicin results in markedly reduced PI concentra-
tions [70] . Patients on PI-based ART regimen for more 
than 2 years who do not have evidence of recent viral 
suppression are not eligible for the study. Patients who 
have been on PI-based ART for less than 2 years and 
those with virological suppression on PI-based ART are 
switched to a dolutegravir-based regimen and are eligible 
for enrolment.

Non‑steroidal anti‑inflammatory drugs (NSAIDs)
The use of NSAIDs is prohibited whilst on study inter-
vention (for the first 14 days) to avoid the potential 
adverse effects of gastritis and peptic ulcers, which 
can be further aggravated by concomitant prednisone 
administration.

Drugs that potentially prolong QT
The effect of levofloxacin on QT is minimal [32]; there-
fore, other QT prolonging drugs are not prohibited.

Provisions for post-trial care {30}
This is not applicable as the interventions are only in the 
first 2 weeks of TB therapy.

Outcomes {12}
The primary efficacy endpoint is all-cause mortality at 12 
weeks.

Secondary endpoints:

1. In-hospital mortality during index admission.
2. All-cause mortality at 2 and 24 weeks, respectively.
3. Change in venous lactate over 14 days of study medi-

cation administration.
4. Change in C-reactive protein over 14 days of study 

medication administration.
5. Change in haemoglobin over 14 days of study medi-

cation administration.

Safety and tolerability endpoints:

1. Occurrence of hepatotoxicity using the American 
Thoracic Society (ATS) hepatotoxicity criteria: ala-
nine aminotransferase (ALT) elevation of more than 

three times the upper limit of normal (ULN) in the 
presence of hepatitis symptoms and/or jaundice or 
five times the upper limit of normal in the absence or 
presence of symptoms.

2. Corticosteroid-associated adverse events classi-
fied by severity and relation to study drug and will 
be reported if these develop within the 12 weeks of 
enrolment.

3. Laboratory safety data (grade 3 and 4 abnormalities 
using the ACTG grading system): liver function tests 
(alanine and aspartate aminotransferase (ALT, AST), 
alkaline phosphatase (ALP), International Normal-
ized Ratio (INR), conjugated and total bilirubin 
(CBR, TBR)), glucose, full blood counts (including 
white cell, neutrophil and platelet counts plus hae-
moglobin) and electrolytes (sodium, potassium) and 
creatinine.

4. Occurrence of other opportunistic infections (AIDS-
related, bacterial, fungal and viral) and malignancies 
(Kaposi’s sarcoma) up to 12 weeks.

5. Occurrence of paradoxical tuberculosis immune 
reconstitution inflammatory syndrome (TB-IRIS) in 
patients starting ART up to 12 weeks.

6. All grade 3 and 4 clinical adverse events (using the 
ACTG grading system)

7. Serious adverse events
8. Adverse events requiring study drug interruption 

and or withdrawal
9. Adverse drug reactions attributed to study drug

Participant timeline {13}
Study visits
Follow-up visits occur in the ward whilst the participant 
remains admitted and then in the outpatient depart-
ment after discharge from hospital. The following visits 
are scheduled: enrolment (day 1), day 2, day 4, day 7, day 
14, week 4, week 12 and week 24. Visits on days 2, 4, 7 
and 14 have a 2-day window period (1 day earlier or 1 day 
later) to complete visits. Visits at weeks 4, 12 and 24 have 
a window of 1 week earlier or 1 week later. Telephonic 
follow-up and the use of electronic databases is accept-
able to ascertain treatment progress, episodes of clinical 
deterioration and vital status from week 4 visit onwards 
if the patient is unable to attend visits in person or if a 
patient is not contactable. Women of childbearing age are 
advised at discharge to use effective (barrier) contracep-
tion and consider abstinence whilst on study medication 
to day 14.

Outside of scheduled visits, participants are free 
to attend for an unscheduled visit if they feel unwell 
especially in the first 2 weeks after the enrolment. At 
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discharge from hospital, participants are followed up by 
the trial team in the outpatient department for the first 14 
days. They are then referred to their local clinic and fol-
lowed up for HIV and tuberculosis treatment as per local 
guidelines, with subsequent review by the clinical trial 
team at weeks 4, 12 and 24 in the outpatient department.

Cumulative mortality at 12 weeks is ascertained using 
available medical records, hospital notes, death certifi-
cates, clinical notes, electronic databases, death register 
and history from family members or other contact per-
sons. We endeavour to gather sufficient clinical details to 
facilitate assessment of the most probable cause of death. 
Causes for clinical deterioration are ascertained during 
the first 12 weeks of follow-up.

Loss to follow-up
Participants are classified as lost to follow-up if the trial 
team fails to make contact on least two consecutive planned 
visits and find no evidence that the patient accessed health 
care and no evidence that they died (by reviewing elec-
tronic health care databases and the national death register) 
at the end of the participant’s follow-up period.

Study procedures and timeline
Procedures D1 D2 D4 D7 D14 D28 Wk12 Wk24

Informed  Consenta X

Randomization X

Initiation of study 
medication

X

Medical History X

Current symptoms X X X X X X X

Physical Examination X X X X X X X

Adverse Events X X X X X X

Medication review X X X X X X X

Pill count X X X X X X

ECOG score X X X X X X X

qSofa X X X X X X X

AVPU X X X X X X X

Report of clinical 
deterioration

X X X X X X

Nose, groin, rectal 
swab & stool collec‑
tion

X X X

Urea/Creatinine & 
Electrolytes

X X X X

Glucose X X X X X

Full Blood Count 
and differential

X X X

LFTs (ALT, AST, ALP, 
TBR)

X X X X X

CRP X X X X X

Venous lactate X X X X

Procedures D1 D2 D4 D7 D14 D28 Wk12 Wk24

CD4, HIV viral load X

Mycobacterial blood  cultureb

 Immunology 
assays

X X X X

 Storage blood X X X X

 Storage urine X X X X

 RNA storage X X X X

 DNA storage X

Participants must not have had >2 doses of TB medication before initiation of 
study medication
a Informed consent can be repeated or revisited at any of the follow up visits as 
needed
b Performed at screening for all patients and repeated only for sub-study 
patients on day 2, 4, 7 and 14

ECOG Eastern Cooperative Oncology Group, qSOFA 
quick Sequential Organ Failure Assessment score, AVPU 
Alert, Verbal, Pain, Unresponsive, diff differential cell 
count, LFT liver function tests, ALT alanine transami-
nase, AST aspartate aminotransferase, ALP alkaline 
phosphatase, TBR total bilirubin, CD4 cluster of differ-
entiation 4, RNA ribonucleic acid, DNA deoxyribonucleic 
acid, CRP C-reactive protein

Sample size {14}
The study is designed to demonstrate superiority of 
each intervention separately over the standard of care 
with a p-value threshold of 0.05 used to determine a 
significant result. There is no adjustment for multiple 
comparisons. We assume mortality at 12 weeks to be 
28% in the standard of care arm. This was based on 
extrapolation of mortality data from previous study 
amongst patients with HIV associated TB [4]. The trial 
is powered to demonstrate a relative reduction in mor-
tality of 32% (reduction from 28 to 19% in absolute 
12-week mortality). To have adequate power of 80% 
and alpha 0.05, a sample size of 347 per arm is required. 
Inflating this number to account for 5% loss to follow-
up, we will recruit 732 participants to the trial. The 
factorial design of the trial may result in interaction 
between the interventions, and this will be evaluated 
as a secondary endpoint. This interaction analysis is 
relatively underpowered, and we would only be able to 
detect a large interaction.

Recruitment {15}
HIV-positive adults admitted to hospital with untreated, 
HIV-associated disseminated TB, diagnosed by one or 
more of the three disseminated tuberculosis tests we are 
using (urine Alere LAM assay, urine Xpert MTB/RIF 
Ultra, and blood Xpert MTB/RIF Ultra) and fulfilling 
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other enrolment criteria are enrolled into the trial after 
obtaining informed consent.

Eligible patients are identified by members of the 
study team from the post intake ward rounds in the 
emergency department of recruitment hospitals every 
morning as well as by screening through the hospi-
tal admission book or through patient folders in the 
emergency department and the medical wards. Hos-
pital staff are aware of the trial and refer appropriate 
patients directly to the study team. Patients are invited 
to be screened for participation in the clinical trial if 
they are deemed eligible. Patients are provided with a 
screening informed consent form in the language of 
their choice (Afrikaans, Xhosa or English). Patients are 
given time to read the form or it is read to them by a 
study team member or family member. All trial infor-
mation sheets and consent forms are available elec-
tronically and in paper form.

Assignment of interventions: random allocation
Sequence generation {16a}
A randomisation list has been generated using a 1:1:1:1 
ratio, permuted block randomisation with variable block 
sizes and is stratified by study site. The randomisation 
list has been uploaded to REDCap. On randomisation, 
REDCap uses the randomisation list and study site field 
to allocate the participant to the next available treatment 
arm assignment for that site. This ensures randomisation 
is stratified by recruitment site; no other stratification 
occurs.

Concealment mechanism {16b}
The randomisation sequence uploaded into REDCap 
is only accessible to the data manager and cannot be 
edited. The randomisation list is inaccessible to clini-
cal staff. To ensure allocation concealment treatment 
arms are only allocated after the time of enrolment 
and are accessible to study staff as follows: after ran-
domisation to TB treatment arm, the allocation for 
each participant is provided to the clinical staff and 
trial pharmacists. This is visible in REDCap after ran-
domisation. The allocation to prednisone or placebo is 
provided only to the trial pharmacist and is not visible 
to the clinical staff.

Implementation {16c}
The allocation sequence was generated by the randomisa-
tion consultant. The trial pharmacist assigns study medi-
cation based on random allocation of that participant 
and if unable to access random allocation on REDCap for 
any reason the randomisation consultant has access to 
the back up and is contacted.

Assignment of interventions: blinding
Who will be blinded {17a}
The trial team is not blind to the TB treatment allocation 
but is blinded to the prednisone/placebo allocation. The 
trial pharmacist is unblinded to both study interventions.

Procedure for unblinding if needed {17b}
The first intervention is open label and there is thus no 
need for unblinding.

For the second intervention (prednisone or placebo), 
emergency unblinding may be done in the following 
situations:

• Severe adverse events that may be related to the use 
of corticosteroids, e.g. severe psychosis, new diagno-
sis of malignancy especially Kaposi’s sarcoma

• Development of new SARS-CoV-2 infection during 
the first 14 days of the trial

• Any other clinical occurrence where the investigator 
deems it necessary for patient safety.

The emergency unblinding procedure involves the 
investigator verifying with the PIs that unblinding is 
needed. The study pharmacist is then contacted. If the 
study pharmacist is not available, the data manager with 
access to the randomisation code on REDCap will be 
contacted. This will be documented on an emergency 
unblinding case report forms (CRFs).

Data collection and management
Plans for assessment and collection of outcomes {18a}
For this trial, electronic CRFs completed online in real 
time are considered the main source documentation 
and are completed by delegated staff members. These 
electronic CRFs are used to collect demographic, base-
line and follow-up clinical data including laboratory 
data. The laboratory result report constitutes the labo-
ratory source document. When the laboratory result is 
received or viewed, the study doctor enters results in 
the Laboratory Results CRF in real time and uploads 
a de-identified copy of the result onto the electronic 
database and makes a note of actions to be taken for 
any abnormal result. The study team member enter-
ing this checks that the data on the source document 
and the electronic CRF correspond, and another team 
member does a quality control check as per our Clini-
cal Quality Management Plan.

Plans to promote participant retention and complete 
follow‑up {18b}
The study has community research workers who coun-
sel, educate and support participants with regard to the 
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trial and medication adherence. Telephonic visits are 
acceptable from day 28 visit should this be preferred by 
the participant. Our nurses make telephonic contact with 
patients before appointment dates to remind them of the 
visits. Patients have access to trial phone numbers for 
questions and medical advice if required.

Data management {19}
The investigators have developed a Clinical Quality Man-
agement Plan (CQMP) to ensure high quality and reliable 
data. The electronic data collection tool in REDCap has 
been designed in such a way that range checks for values 
are pre-entered and will pop up a warning when an out-
of-range value is entered. Access to the REDCap database 
is password protected with each member having their 
own username and password.

Confidentiality {27}
REDCap is a secure web application for building and 
managing online surveys and databases.

The platform implements appropriate administra-
tive, physical and technical safeguards to ensure the 
confidentiality, integrity and security of electronic 
health information. All trial data is de-identified and 
coded with a study number. Documentation, data and 
all other information that relates to individual patients 
is held in strict confidence. No information concern-
ing the patient will be released to an unauthorised 
third party, without written approval of the participant 
except as necessary for trial monitoring or regulatory 
review. University of Cape Town Human Research Eth-
ics Committee (UCT HREC) and South African Health 
Products Regulatory Authority (SAHPRA) are author-
ised third parties.

Plans for collection, laboratory evaluation and storage 
of biological specimens for genetic or molecular analysis 
in this trial and future use {33}
As part of the consent process, patients are requested to 
separately provide permission for storage of their samples 
for future studies including genetics. Ethical approval will 
be sought at the stage where specific research studies 
beyond those included in the protocol are planned using 
these samples. At screening, days 2, 4, 7 and 14, blood 
and urine are stored.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
The number of patients screened and enrolled or 
excluded will be summarised and reasons for exclusion 
listed. The number of participants who discontinue or 
are lost to follow-up will be tabulated by reason and 

time point. This information will be summarised in a 
CONSORT flow diagram. Patients in each treatment 
arm will be described with respect to baseline charac-
teristics. Medians and interquartile ranges will be used 
as measures of central tendency for continuous char-
acteristics and counts and percentages for categorical 
characteristics. The potential clinical importance of 
any differences between arms will be noted but sta-
tistical tests of significance will not be undertaken to 
compare arms.

Primary endpoint analysis
For analysis of the primary endpoint, we will pre-
sent the 12-week mortality by treatment arm. We will 
include all participants who were randomised and 
received at least one dose of study medication for that 
treatment arm in a modified intention-to-treat analy-
sis evaluating the efficacy of the two interventions. 
The efficacy of intensified TB treatment to reduce 
12-week mortality will be tested by comparing the 
proportion of participants who died in the group who 
received intensified tuberculosis treatment and the 
group who received standard tuberculosis treatment. 
The efficacy of prednisone to reduce 12-week mor-
tality will be tested by comparing the proportion of 
participants who died between the arm who received 
prednisone compared to those who received placebo. 
The primary statistical analyses will be performed 
using the Chi-squared test. As secondary analyses, 
time to event analyses will be performed using Cox 
proportional hazards models or an accelerated failure 
time model (as appropriate) which will be adjusted for 
the other intervention and pre-specified clinical vari-
ables, such as age, sex and HIV viral load. These vari-
ables will be included in the statistical analysis plan. 
Adjusted estimates will be presented with 95% con-
fidence intervals. Loss to follow-up will likely be low 
as we have been able to ascertain vital status during 
follow-up in >95% of HIV-positive inpatients enrolled 
in previous studies in Cape Town. We will report the 
number of participants who are lost to follow-up and 
will do a sensitivity analysis to ascertain if they are sys-
tematically different from the rest of the cohort. In the 
primary analyses (using Chi-squared test) participants 
lost to follow-up will be assumed to be alive at week 
12. We will include participants who are lost to follow-
up in the time to event analyses and censor patients at 
the last date of contact with the clinical team or other 
health care services.

Secondary endpoint analyses
Secondary per protocol analyses will be performed which 
will exclude participants who stopped protocol defined 
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treatment. Patients with drug toxicity who interrupt pro-
tocol defined treatment and are later rechallenged onto 
tuberculosis treatment will also be excluded in these 
analyses. Secondary endpoints will be analysed compar-
ing study arms using the Chi-squared test (for categorical 
data) or Wilcoxon rank sum test (for continuous data). 
Time to event analyses (constructing Kaplan–Meier sur-
vival curves and compared using the rank sum tests, or 
Cox proportional hazards models or accelerated failure 
time models) will also be performed.

Interaction between the treatment interventions will be 
estimated and reported, even though the analyses are not 
formally powered to detect interaction.
Interim analyses {21b}
A data safety and monitoring board (DSMB) has been 
established with five members independent from the 
trial. Every 6 months, a member of the trial team and 
the trial statistician prepare an open efficacy and safety 
report for the committee with data aggregated across all 
participants, but not by treatment allocation. The trial 
statistician prepares a separate closed report with data 
presented by trial arm that is assessed by the DSMB to 
determine if the trial should be stopped, continued or 
modified. The clinical trial team is not privy to the closed 
report and has no access to interim results by study arm.

Methods for additional analyses (e.g. subgroup analyses) 
{20b}
Prespecified subgroup analyses of the primary endpoint 
will include stratification by:

• Mycobacterium tuberculosis blood stream infection 
(diagnosed by blood Xpert MTB/RIF Ultra assay 
and/or mycobacterial blood culture) or no blood 
stream infection

• Patients with CD4 cell count ≤100 cells/mm3 or > 
100 cells/mm3

• Patients with haemoglobin ≤7 g/dL or >7 g/dL

Safety analyses
We will compare serious adverse events, grade 3 and 
4 adverse events, all adverse events leading to study 
drug discontinuation and adverse drug reactions by 
study arm in two 2-way comparisons and by combined 
interventions in a 4-way comparison. This will be done 
using Chi-squared test without correction for multiple 
comparisons.

A statistical analysis plan will be finalised and approved 
by the Trial Steering Committee before the trial database 
is locked and unblinded.

Even though the TB treatment randomisation is open 
label, the investigators will deliberately not analyse or 
view the end point data in aggregate form during the trial 
other than in the closed report prepared for the Data and 
Safety Monitoring Board that the investigators will not 
see.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
Modified intention-to-treat analyses will be used for the 
primary and secondary endpoint analyses, but per proto-
col analyses will also be performed as secondary analyses 
to account for those participants who do not receive the 
interventions as specified in the protocol. Missing data 
will be noted in the study publication and will be handled 
using multiple imputation where applicable.

Plans to give access to the full protocol, participant level data 
and statistical code {31c}
We will make the full protocol available on-line with the 
final trial publication which will be made open access. 
Anonymised participant level-data and statistical code 
will be shared upon request to investigators and after 
ethical approval.

Oversight and monitoring
Composition of the coordinating centre and Trial Steering 
Committee {5d}
The trial has a coordinating committee composed of the 
principal investigators, lead investigator and study coor-
dinator. This team ensures the day-to-day operations of 
the trial run smoothly. The principal investigators and 
lead investigator meet monthly to discuss the trial.

Trial Steering Committee
The conduct of the clinical trial is overseen by the Trial 
Steering Committee (TSC), which includes the principal 
investigators, the lead investigator, senior clinicians from 
participating hospital and two independent members. 
The TSC meets every 4 months via a conference call. The 
TSC reviewed preparation for the trial and reviews clini-
cal enrolment and adverse events on the study, analysis 
and sub-studies.

Composition of the Data Safety and Monitoring Board 
Committee, its role and reporting structure {21a}
Oversight of the trial is provided by an independent Data 
Safety and Monitoring Board Committee (DSMB). This 
DSMB has five members: four independent and experi-
enced HIV-associated TB researchers and an independ-
ent trial statistician. The DSMB charter specifies the 
procedures to be followed, the data to be reviewed by 
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the DSMB and provides guidance for stopping based on 
harm and efficacy considerations. Open and closed statis-
tical reports are prepared for the DSMB by trial statisti-
cians. The first data meeting and safety analysis occurred, 
as planned, after 40 participants had been randomised. 
Subsequent meetings are 6 monthly with review of both 
safety and efficacy. The DSMB may decide to convene an 
unscheduled DSMB review if warranted by safety or data 
quality concerns. The DSMB is independent from the 
sponsor, the University of Cape Town.

Adverse event reporting and harms {22}
In the event of an occurrence of a grade 3 and 4 adverse 
event or adverse drug reaction, the event as well as action 
taken will be recorded. The severity will be graded using the 
Division of AIDS (DAIDS) Table for Grading the Severity of 
Adult and Pediatric Adverse Events, Corrected Version 2.1, 
July 2017. All suspected unexpected serious adverse events 
(SUSARs), serious adverse events (SAEs) and deaths on the 
trial are reported to UCT HREC and SAHPRA. Annual 
(UCT HREC) and 6-monthly (SAHPRA) reports are sub-
mitted as per requirements from these bodies.

Frequency and plans for auditing trial conduct {23}
The University of Cape Town as the sponsor has subcon-
tracted monitoring of the trial to a clinical trials monitor 
with extensive experience of clinical trials monitoring in 
South Africa. The monitor is independent of the inves-
tigator team. The monitor performed a site initiation 
visit prior to initiation of recruitment and monitors par-
ticipants’ data on REDCap according to a pre-specified 
monitoring plan. A monitoring visit occurred after enrol-
ment of the first five participants and now occurs roughly 
quarterly depending on recruitment rate. The last moni-
toring visit will occur 1–2 days after database lock.

Plans for communicating important protocol amendments 
to relevant parties {25}
Any protocol amendment is submitted to HREC and 
SAHPRA for approval before being implemented.

Dissemination plans {31a}
The trial results will be published in a medical journal 
and will be made open access. We plan to obtain permis-
sion from our ethics committee prior to making the data 
available in an open data repository. This will be after 
trial completion, database lock and analyses completion. 
Findings will be presented at an international HIV con-
ference, at local academic meetings and to the staff at the 
hospitals where the trial is being conducted. There are no 
publication restrictions.

Sub-studies
There are several sub-studies nested within the trial. 
Patients may take part in the main trial without partici-
pating in the sub-studies. The consent process allows for 
participants to opt out of specific sub-studies. Sub-stud-
ies include:

1) Pharmacokinetic sub-study evaluating rifampicin con-
centrations on day 2 of the trial and their relationship 
to adverse events and bilirubin concentrations.

2) Mycobacterium tuberculosis biomarkers sub-study 
evaluating changes in quantitative markers of dis-
seminated TB load over the 14 days of study medi-
cation comparing intensive and standard TB treat-
ment arms. Criteria for this substudy includes having 
at least one positive Xpert Ultra at screening and a 
haemoglobin concentration of at least 6 g/dl without 
having had any TB treatment prior to enrolment. Bio-
markers being evaluated are urine lipoarabinoman-
nan (LAM), urine Xpert Ultra, blood Xpert Ultra 
and mycobacterial blood culture at screening, days 2, 
4, 7 and 14. Semiquantitative concentration of LAM 
in urine using grade on the Alere LAM card, cycle 
threshold (Ct values) for blood and urine Xpert Ultra 
and time to positivity of blood culture will be used 
as measures of mycobacterial load. In a select group 
of patients who are blood Xpert Ultra positive, have 
a haemoglobin level of at least 6 g/dl and have had 
no more than one dose of TB treatment, DMN-Tre 
microscopy on lysed blood and quantification of neu-
trophil extracellular trap formation will be done at the 
same time points (screening, days 2, 4, 7 and 14).

3) Immunology sub-study which will assess host sol-
uble inflammatory mediator concentrations in 
plasma (using Luminex) over the first 14 days com-
paring longitudinal changes between arms. Spe-
cifically, we will investigate whether trial interven-
tions modulate the innate immune profile that was 
associated with mortality in our previous obser-
vational cohort study [5]. Another immunology 
sub-study will evaluate changes in transcriptomic 
profile on treatment using RNAseq performed on 
whole blood to assess whether the interventions 
alter the transcriptomic profile towards a pro-
file associated with survival. We will also evalu-
ate markers implicated in immunothrombosis and 
neutrophil extracellular trap (NET) formation in 
the blood and their relationship with Mycobac-
terium tuberculosis blood stream infection, trial 
interventions and outcomes.

4) Limited post-mortem sub-study to assess causes of 
death and better understand pathophysiology of 
HIV-associated disseminated TB. Minimally inva-
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sive autopsies using Trucut needle biopsies of organs 
including the lung, liver, spleen, heart, lymph nodes 
and bone marrow are performed after appropriate 
consent. Blood and cerebrospinal fluid are also col-
lected. Microbiological and histological tests are per-
formed on samples.

5) Bacteriology sub-studies evaluating changes in the 
gastro-intestinal microbiota, MRSA colonisation 
using groin and nasal swabs and changes in gastro-
intestinal microbial resistance patterns on study 
medication.

Discussion
The NewStrat-TB trial will provide evidence for whether 
intensified TB treatment with high dose rifampicin at 35 mg/
kg and levofloxacin added to standard TB treatment for the 
first 2 weeks reduces mortality in patients hospitalised with 
disseminated HIV-associated TB. It will also provide evidence 
for whether adjunctive prednisone dosed at 1.5 mg/kg/day for 
2 weeks reduces mortality in this patient population.

Patients with HIV-associated disseminated TB have 
a severe disease phenotype characterised by organ fail-
ure, sepsis and a dysregulated inflammatory response 
[4]. This places these patients at a high mortality risk. 
Amongst hospitalised patients, deaths tend to occur 
early despite the initiation of TB treatment [4]. Dis-
seminated TB is currently treated with the same drug 
regimens and doses as patients with other more limited 
forms of TB such as pulmonary TB. We reason, based 
on our previous research, that these patients are often 
critically ill and more intensified and specific treatment 
strategies need to be evaluated to improve their survival.

There are many factors contributing to mortality 
of patients with HIV and tuberculosis. Late diagno-
sis of HIV, disengagement from HIV care and delays 
to TB diagnosis and treatment all play a role [1, 71, 
72]. There are ongoing public health interventions 
and research efforts to address these factors. Routine 
HIV counselling and testing and universal test and 
treat strategy have improved early diagnosis and treat-
ment of HIV. TB symptom screening and improved TB 
diagnostics, such as urine LAM and the Xpert MTB/
RIF assay, have facilitated improved TB diagnosis and 
reduced delays to treatment [73–77]. Despite early 
diagnosis and treatment initiation for HIV-associated 
TB at a programme level, an unacceptably high num-
ber of patients still die early after starting TB treat-
ment, particularly amongst those patients ill enough to 
require hospital admission [4, 6].

A major focus of current TB treatment research is jus-
tifiably focussed on treatment shortening and optimising 
the treatment of drug-resistant TB [78–80]. In addition to 
these priorities, it is important to focus treatment research 

on severe forms of TB that contribute disproportionately 
to global TB mortality and may need specific and targeted 
management approaches, such as disseminated TB and 
TB meningitis. The development of novel strategies that 
improve treatment outcomes for patients with HIV-associ-
ated disseminated TB could have major public health ben-
efits, given the frequency of this condition in countries with 
a high co-prevalence of HIV and TB across the world. The 
results of this trial could potentially provide evidence for 
updates to guidelines for treatment of HIV-associated TB.

Trial status
Most recent protocol is version 1.5, dated 22 February 
2023. The trial began enrolment on 11 August 2021. We 
project that recruitment will be completed in the fourth 
quarter of 2024.

Appendix: Delayed consent process
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Abbreviations
ACTG   AIDS clinical trials group
Ag  Antigen
AUC   Area under the curve
AIDS  Acquired immunodeficiency syndrome
ALT  Alanine transaminase
ALP  Alkaline phosphatase
ART   Antiretroviral therapy
AVPU  Alert voice pain unresponsive
aHR  Adjusted hazard ratio
CBR  Conjugated bilirubin
CRP  C‑reactive protein
CRF  Case report form
CRRT   Continuous renal replacement therapy
CI  Confidence interval
Cmax  Maximum concentration
CQMP  Clinical quality management plan
DILI  Drug‑induced liver injury
DNA  Deoxyribonucleic acid
DMN‑Tre  4‑N,N‑Dimethylamino‑1,8‑naphthalimide conjugate of 

trehalose
DSMB  Data safety and monitoring board
EBA  Early bactericidal activity
EMB  Ethambutol
ECOG  Eastern cooperative oncology group
eGFR  Estimated glomerular filtration rate
EM  Emergency
FBC  Full blood count
FDC  Fixed dose combination
FGF  Fibroblast growth factor
g/dl  Grammes per decilitre
H  Isoniazid
HD  Haemodialysis
HIV  Human immunodeficiency virus
HREC  Human research ethics committee
IRIS  Immune reconstitution inflammatory syndrome
INR  International normalized ratio
INSHI  International network for the study of HIV associated IRIS
IL  Interleukin
IFN‑δ  Interferon gamma
Kg  Kilogramme
LAM  Lipoarabinomannan
LFTs  Liver function tests
MIC  Minimum inhibitory concentration
MIP  Macrophage inflammatory protein
MTB  Mycobacterium tuberculosis
MTBBSI  Mycobacterium tuberculosis blood stream Infection
Mg  Milligramme
NETS  Neutrophil extracellular traps
NTM  Non‑tuberculous mycobacteria
NSAIDS  Non‑steroidal anti‑inflammatory drugs
PK  Pharmacokinetics
PD  Pharmacodynamics
PDGF  Platelet‑derived growth factor
P.I  Protease inhibitors
PJP  Pneumocystis jiroveci pneumonia
qSOFA  quick Sepsis‑related organ failure assessment
RNA  Ribonucleic acid
RNA seq  Ribonucleic acid sequencing
RR  Relative risk
R  Rifampicin
RIF  Rifampicin
SOP  Standard operating procedure
SAE  Severe adverse event
SUSAR  Suspected unexpected severe adverse event
SARS‑Cov‑2  Severe acute respiratory syndrome coronavirus 2
SAHPRA  South african health products regulatory authority
TGF  Transforming growth factor beta
TTP  Time to positivity
TSC  Trial steering committee

TBR  Total bilirubin
TB  Tuberculosis
UCT   University of cape town
Z  Pyrazinamide

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13063‑ 024‑ 08119‑4.

Supplementary Material 1. 

Acknowledgements
We are grateful to the clinical and administrative staff of the Western Cape 
Department of Health for their support of this trial.

Authors’ contributions {31b}
This manuscript was written by PN, the lead investigator, and reviewed with 
inputs from GM*, CS, GM and DB. All authors read and approved the final 
manuscript. GM* and CS are the principal investigators and conceived the 
study. PN is the lead investigator, AJ the data manager, BS and AH are main 
trial statisticians and IO is the study coordinator. The following contributed to 
development of study methodology and data collection: LB, MV, KH, FB, AM, 
BS, SLJ, YM, HM, ATM,TC, PS, JN, SE, YV, MM, IS, SH, MN, NS, CC, WD, PD, AP, BP, 
DS, RW,  SH#, IA, MT, ZA, MM, EB, DP, FL, AB, AJ, AB, RJ, and SW. FG and FL gave 
statistical methodology input.

Funding {4}
The trial is funded by a Wellcome Investigator Award (214321/Z/18/Z) with 
additional support from the Wellcome Centre for Infectious Diseases Research 
in Africa (CIDRI‑Africa, 203135/Z/16/Z) and funding from the South African 
Research Chairs Initiative of the Department of Science and Technology and 
National Research Foundation (NRF) of South Africa (Grant No 64787). The 
funders have no role in the study design, data collection, data analysis, data 
interpretation or writing of this manuscript.
The trial received additional funds from the South African Medical Research 
Council Institutional Researcher Programme, under the Research Capacity 
Development (RCD) Scholarship for 4 years.

Availability of data and materials {29}
The data manager, statisticians, lead investigator and principal investigators 
will have access to the final trial dataset. Anonymised participant level‑data 
and statistical code will be shared upon request to investigators and after 
ethical approval.

Declarations

Ethics approval and consent to participate {24}
Ethical approval for the trial was obtained from the University of Cape Town 
Faculty of Health Sciences Human Research Ethical Committee, before the trial 
was initiated (Ref: 001/2021). The trial adheres to ICH Good Clinical Practice 
guidelines, South African GCP guidelines of 2019 and the Declaration of Hel‑
sinki of hs018. Regulatory approval for the trial was obtained from the South 
African Health Products Authority (Tracking number: 20210328).
This trial is registered with Clinical Trials.gov NCT04951986 and the South 
African National Clinical Trials Register (SANCTR) DOH‑27072021‑4806.

Consent for publication {32}
Not applicable—no identifying images or other personal or clinical details 
of participants are presented here or will be presented in reports of the trial 
results. The participant information materials and informed consent form are 
available from the corresponding author on request.

Competing interests {28}
There are no competing interests to declare.

Author details
1 Wellcome Centre for Infectious Diseases Research in Africa (CIDRI‑Africa), 
Institute of Infectious Disease and Molecular Medicine, University of Cape 

https://doi.org/10.1186/s13063-024-08119-4
https://doi.org/10.1186/s13063-024-08119-4


Page 21 of 23Namale et al. Trials          (2024) 25:311  

Town, Cape Town, South Africa. 2 Department of Medicine, University of Cape 
Town, Cape Town, South Africa. 3 Institute of Infection, Veterinary and Eco‑
logical Sciences, University of Liverpool, Liverpool, UK. 4 Division of Clinical 
Pharmacology, Department of Medicine, University of Cape Town, Cape Town, 
South Africa. 5 Department of Medicine, Khayelitsha Hospital, Cape Town, 
South Africa. 6 Department of Medicine, Stellenbosch University, Stellenbosch, 
South Africa. 7 Department of Medicine, Mitchells Plain Hospital, Cape Town, 
South Africa. 8 Division of Medical Microbiology, Department of Pathology, 
University of Cape Town, Cape Town, South Africa. 9 Division of Infection 
and Immunity School of Biomedical Sciences, University of Western Australia, 
Perth, Australia. 10 Department of Statistical Sciences, University of Cape Town, 
Cape Town, South Africa. 11 Division of Anatomical Pathology, Department 
of Pathology, University of Cape Town, Cape Town, South Africa. 12 LSE Health, 
London School of Economics and Political Science, London, UK. 13 Francis Crick 
Institute, London, UK. 14 Department of Medicine, Imperial College London, 
London, UK. 15 Department of Medicine, New Somerset Hospital, Cape Town, 
South Africa. 

Received: 16 January 2024   Accepted: 16 April 2024

References
 1. Ford N, Matteelli A, Shubber Z, Hermans S, Meintjes G, Grinsztejn B, et al. 

TB as a cause of hospitalization and in‑hospital mortality among people 
living with HIV worldwide: a systematic review and meta‑analysis. J Int 
AIDS Soc. 2016;19(1):20714.

 2. Bigna JJR, Noubiap JJN, Agbor AA, Plottel CS, Billong SC, Ayong APR, 
Koulla‑Shiro S. Early mortality during initial treatment of tuberculo‑
sis in patients co‑infected with HIV at the Yaoundé Central Hospital, 
Cameroon: an 8‑year retrospective cohort study (2006‑2013). PLoS One. 
2015;10(7):e0132394.

 3. Subbarao S, Wilkinson KA, Van Halsema CL, Rao SS, Boyles T, Utay NS, et al. 
Raised venous lactate and markers of intestinal translocation are associ‑
ated with mortality among in‑patients with HIV‑associated TB in rural 
South Africa. J Acquir Immune Defic Syndr. 2015;70(4):406.

 4. Schutz C, Barr D, Andrade BB, Shey M, Ward A, Janssen S, et al. Clinical, 
microbiologic, and immunologic determinants of mortality in hospital‑
ized patients with HIV‑associated tuberculosis: a prospective cohort 
study. PLoS Med. 2019;16(7):e1002840.

 5. Kyeyune R, den Boon S, Cattamanchi A, Davis JL, Worodria W, Yoo SD, 
Huang L. Causes of early mortality in HIV‑infected TB suspects in an East 
African referral hospital. J Acquir Immune Defic Syndr. 2010;55(4):446.

 6. Gupta‑Wright A, Fielding K, Wilson D, van Oosterhout JJ, Grint D, 
Mwandumba HC, et al. Tuberculosis in hospitalized patients with human 
immunodeficiency virus: clinical characteristics, mortality, and implica‑
tions from the rapid urine‑based screening for tuberculosis to reduce 
AIDS related mortality in hospitalized patients in Africa. Clin Infect Dis. 
2020;71(10):2618–26.

 7. Gupta RK, Lucas SB, Fielding KL, Lawn SD. Prevalence of tuberculo‑
sis in post‑mortem studies of HIV‑infected adults and children in 
resource‑limited settings: a systematic review and meta‑analysis. AIDS. 
2015;29(15):1987–2002.

 8. Boloko L, Schutz C, Sibiya N, Balfour A, Ward A, Shey M, et al. Xpert 
Ultra testing of blood in severe HIV‑associated tuberculosis to detect 
and measure Mycobacterium tuberculosis blood stream infection: 
a diagnostic and disease biomarker cohort study. Lancet Microbe. 
2022;3(7):e521‑ee32.

 9. Barr DA, Schutz C, Balfour A, Shey M, Kamariza M, Bertozzi CR, et al. Serial 
measurement of M. tuberculosis in blood from critically‑ill patients with 
HIV‑associated tuberculosis. EBioMedicine. 2022;78:103949.

 10. Jacob ST, Pavlinac PB, Nakiyingi L, Banura P, Baeten JM, Morgan K, et al. 
Mycobacterium tuberculosis bacteremia in a cohort of HIV‑infected 
patients hospitalized with severe sepsis in Uganda–high frequency, 
low clinical sand derivation of a clinical prediction score. PloS One. 
2013;8(8):e70305.

 11. Andrews B, Semler MW, Muchemwa L, Kelly P, Lakhi S, Heimburger DC, 
et al. Effect of an early resuscitation protocol on in‑hospital mortality 
among adults with sepsis and hypotension: a randomized clinical trial. 
Jama. 2017;318(13):1233–40.

 12. Acocella G. Clinical pharmacokinetics of rifampicin. Clin Pharmacokinet. 
1978;3(2):108–27.

 13. Boeree MJ, Heinrich N, Aarnoutse R, Diacon AH, Dawson R, Rehal S, et al. 
High‑dose rifampicin, moxifloxacin, and SQ109 for treating tuberculosis: 
a multi‑arm, multi‑stage randomised controlled trial. Lancet Infect Dis. 
2017;17(1):39–49.

 14. Dian S, Yunivita V, Ganiem AR, Pramaesya T, Chaidir L, Wahyudi K, et al. 
Double‑blind, randomized, placebo‑controlled phase II dose‑finding 
study to evaluate high‑dose rifampin for tuberculous meningitis. Antimi‑
crob Agents Chemother. 2018;62(12):e01014–8.

 15. Te Brake LH, de Jager V, Narunsky K, Vanker N, Svensson EM, Phillips PP, 
et al. Increased bactericidal activity but dose‑limiting intolerability at 50 
mg· kg− 1 rifampicin. Eur Respir J. 2021;58(1).

 16. Svensson RJ, Aarnoutse RE, Diacon AH, Dawson R, Gillespie SH, Boeree 
MJ, Simonsson USH. A population pharmacokinetic model incorporating 
saturable pharmacokinetics and autoinduction for high rifampicin doses. 
Clin Pharmacol Ther. 2018;103(4):674–83.

 17. Chirehwa MT, Rustomjee R, Mthiyane T, Onyebujoh P, Smith P, McIlleron 
H, Denti P. Model‑based evaluation of higher doses of rifampin using a 
semimechanistic model incorporating autoinduction and saturation of 
hepatic extraction. Antimicrob Agents Chemother. 2016;60(1):487–94.

 18. Jayaram R, Gaonkar S, Kaur P, Suresh BL, Mahesh BN, Jayashree R, 
et al. Pharmacokinetics‑pharmacodynamics of rifampin in an aero‑
sol infection model of tuberculosis. Antimicrob Agents Chemother. 
2003;47(7):2118–24.

 19. Tsukamura M, Nakamura E, Yoshii S, Amano H. Therapeutic effect of a 
new antibacterial substance ofloxacin (DL8280) on pulmonary tuberculo‑
sis. Am Rev Respir Dis. 1985;131(3):352–6.

 20. Ji B, Lounis N, Truffot‑Pernot C, Grosset J. In vitro and in vivo activities of 
levofloxacin against Mycobacterium tuberculosis. Antimicrob Agents 
Chemother. 1995;39(6):1341–4.

 21. Yew WW, Kwan SY‑L, Ma WK, Khin MA, Chan PY. In‑vitro activity of 
ofloxacin against Mycobacterium tuberculosis and its clinical efficacy 
in multiply resistant pulmonary tuberculosis. J Antimicrob Chemother. 
1990;26(2):227–36.

 22. Yew W, Piddock L, Li M, Lyon D, Chan C, Cheng A. In‑vitro activity of qui‑
nolones and macrolides against mycobacteria. J Antimicrob Chemother. 
1994;34(3):343–51.

 23. Gosling RD, Uiso LO, Sam NE, Bongard E, Kanduma EG, Nyindo M, et al. 
The bactericidal activity of moxifloxacin in patients with pulmonary 
tuberculosis. Am J Respir Crit Care Med. 2003;168(11):1342–5.

 24. Merle CS, Fielding K, Sow OB, Gninafon M, Lo MB, Mthiyane T, et al. A four‑
month gatifloxacin‑containing regimen for treating tuberculosis. N Engl J 
Med. 2014;371(17):1588–98.

 25. Gillespie SH, Crook AM, McHugh TD, Mendel CM, Meredith SK, Murray 
SR, et al. Four‑month moxifloxacin‑based regimens for drug‑sensitive 
tuberculosis. N Engl J Med. 2014;371(17):1577–87.

 26. Jindani A, Harrison TS, Nunn AJ, Phillips PP, Churchyard GJ, Charalambous 
S, et al. High‑dose rifapentine with moxifloxacin for pulmonary tubercu‑
losis. N Engl J Med. 2014;371(17):1599–608.

 27. Jindani A, Borgulya G, de Patino IW, Gonzales T, de Fernandes RA, 
Shrestha B, et al. A randomised phase II trial to evaluate the toxicity of 
high‑dose rifampicin to treat pulmonary tuberculosis. Int J Tuberc Lung 
Dis. 2016;20(6):832–8.

 28. Gillespie S, Billington O. Activity of moxifloxacin against mycobacteria. J 
Antimicrob Chemother. 1999;44(3):393–5.

 29. Cremades R, Rodríguez JC, García‑Pachón E, Galiana A, Ruiz‑García M, 
López P, Royo G. Comparison of the bactericidal activity of various fluoro‑
quinolones against Mycobacterium tuberculosis in an in vitro experimen‑
tal model. J Antimicrob Chemother. 2011;66(10):2281–3.

 30. Dorman SE, Nahid P, Kurbatova EV, Phillips PP, Bryant K, Dooley KE, et al. 
Four‑month rifapentine regimens with or without moxifloxacin for tuber‑
culosis. N Engl J Med. 2021;384(18):1705–18.

 31. Nijland H, Ruslami R, Suroto AJ, Burger D, Alisjahbana B, Van Crevel R, 
Aarnoutse RJ. Rifampicin reduces plasma concentrations of moxifloxacin 
in patients with tuberculosis. Clin Infect Dis. 2007;45(8):1001–7.

 32. Naidoo A, Chirehwa M, McIlleron H, Naidoo K, Essack S, Yende‑Zuma N, 
et al. Effect of rifampicin and efavirenz on moxifloxacin concentrations 
when co‑administered in patients with drug‑susceptible TB. J Antimicrob 
Chemother. 2017;72(5):1441–9.



Page 22 of 23Namale et al. Trials          (2024) 25:311 

 33. Noel GJ, Goodman DB, Chien S, Solanki B, Padmanabhan M, Natarajan 
J. Measuring the effects of supratherapeutic doses of levofloxacin on 
healthy volunteers using four methods of QT correction and periodic and 
continuous ECG recordings. J Clin Pharmacol. 2004;44(5):464–73.

 34. FDA U. FDA warns about increased risk of ruptures or tears in the aorta 
blood vessel with fluoroquinolone antibiotics in certain patients. FDA 
Drug Safety Communication; 2018. p. 2020.

 35. Sutter R, Rüegg S, Tschudin‑Sutter S. Seizures as adverse events of antibi‑
otic drugs: a systematic review. Neurology. 2015;85(15):1332–41.

 36. Mayosi BM, Ntsekhe M, Bosch J, Pandie S, Jung H, Gumedze F, et al. Pred‑
nisolone and Mycobacterium indicus pranii in tuberculous pericarditis. N 
Engl J Med. 2014;371(12):1121–30.

 37. Meintjes G, Wilkinson RJ, Morroni C, Pepper DJ, Rebe K, Rangaka MX, 
et al. Randomized placebo‑controlled trial of prednisone for paradoxi‑
cal TB‑associated immune reconstitution inflammatory syndrome. AIDS 
(London, England). 2010;24(15):2381.

 38. Prasad K, Singh MB, Ryan H. Corticosteroids for managing tuberculous 
meningitis. Cochrane Database Syst Rev. 2016;4.

 39. Wiysonge CS, Ntsekhe M, Thabane L, Volmink J, Majombozi D, 
Gumedze F, et al. Interventions for treating tuberculous pericarditis. 
Cochrane Database Syst Rev. 2017;9.

 40. Meintjes G, Stek C, Blumenthal L, Thienemann F, Schutz C, Buyze J, et al. 
Prednisone for the prevention of paradoxical tuberculosis‑associated 
IRIS. N Engl J Med. 2018;379(20):1915–25.

 41. Stern A, Skalsky K, Avni T, Carrara E, Leibovici L, Paul M. Corticosteroids 
for pneumonia. In: Cochrane Database of Systematic Reviews. John 
Wiley and Sons Ltd; 2017.

 42. Annane D, Bellissant E, Bollaert PE, Briegel J, Keh D, Kupfer Y. Corticos‑
teroids for treating sepsis. Cochrane Database Syst Rev. 2015;12.

 43. Dequin P‑F, Meziani F, Quenot J‑P, Kamel T, Ricard J‑D, Badie J, et al. 
Hydrocortisone in severe community‑acquired pneumonia. N Engl J 
Med. 2023;388(21):1931–41.

 44. Buchman AL. Side effects of corticosteroid therapy. J Clin Gastroen‑
terol. 2001;33(4):289–94.

 45. Roth P, Wick W, Weller M. Steroids in neurooncology: actions, indica‑
tions, side‑effects. Curr Opin Neurol. 2010;23(6):597–602.

 46. Ewald H, Raatz H, Boscacci R, Furrer H, Bucher HC, Briel M. Adjunctive 
corticosteroids for Pneumocystis jiroveci pneumonia in patients with 
HIV infection. Cochrane Database Syst Rev. 2015;4.

 47. Bozzette SA, Sattler FR, Chiu J, Wu AW, Gluckstein D, Kemper C, et al. A 
controlled trial of early adjunctive treatment with corticosteroids for 
Pneumocystis carinii pneumonia in the acquired immunodeficiency 
syndrome. N Engl J Med. 1990;323(21):1451–7.

 48. Costiniuk CT, Fergusson DA, Doucette S, Angel JB. Discontinuation 
of Pneumocystis jirovecii pneumonia prophylaxis with CD4 count< 
200 cells/μL and virologic suppression: a systematic review. PloS one. 
2011;6(12):e28570.

 49. Schutz C, Davis AG, Sossen B, Lai RP, Ntsekhe M, Harley YX, Wilkinson RJ. 
Corticosteroids as an adjunct to tuberculosis therapy. Expert Rev Respir 
Med. 2018;12(10):881–91.

 50. Dooley DP, Carpenter JL, Rademacher S. Adjunctive corticosteroid 
therapy for tuberculosis: a critical reappraisal of the literature. Clin 
Infect Dis. 1997;25(4):872–87.

 51. Pletz MW, De Roux A, Roth A, Neumann K‑H, Mauch H, Lode H. Early 
bactericidal activity of moxifloxacin in treatment of pulmonary 
tuberculosis: a prospective, randomized study. Antimicrob Agents 
Chemother. 2004;48(3):780–2.

 52. Consiglio CR, Cotugno N, Sardh F, Pou C, Amodio D, Rodriguez L, et al. 
The immunology of multisystem inflammatory syndrome in children 
with COVID‑19. Cell. 2020;183(4):968–81 e7.

 53. Fajgenbaum DC, June CH. Cytokine storm. N Engl J Med. 
2020;383(23):2255–73.

 54. Group RC. Dexamethasone in hospitalized patients with Covid‑19. N 
Engl J Med. 2021;384(8):693–704.

 55. Western Cape Government, Provincial TB dashboard. Number of tuber‑
culosis (TB) cases in the Western Cape 2023 [cited 2023 05/07/2023]. 
Available from: https:// www. weste rncape. gov. za/ site‑ page/ provi ncial‑ 
tb‑ dashb oard.

 56. Mnguni AT, Schietekat D, Ebrahim N, Sonday N, Boliter N, Schrueder 
N, Gabriels S, Sigwadhi LN, Zemlin AE, Chapanduka ZC, Ngah V. The 
clinical and epidemiological characteristics of a series of patients living 

with HIV admitted for COVID‑19 in a district hospital. BMC Infect Dis. 
2023;23(1):123.

 57. Organization WH, Initiative ST. Treatment of tuberculosis: guidelines. 
World Health Organization; 2010.

 58. Africa DoHS. National Tuberculosis Management Guidelines: National 
Department of Health; 2013 [Guideline]. [cited  2023 1/10/2023]. Avail‑
able from: https:// knowl edgeh ub. health. gov. za/ system/ files/ elibd ownlo 
ads/ 2023‑ 04/ Natio nal% 25252 0TB% 25252 0mana gement% 25252 0guid 
elines% 25252 02014. pdf.

 59. Wasserman S, Davis A, Stek C, Chirehwa M, Botha S, Daroowala R, 
et al. Plasma pharmacokinetics of high‑dose oral versus intravenous 
rifampicin in patients with tuberculous meningitis: a randomized con‑
trolled trial. Antimicrob Agents Chemother. 2021;65(8):e00140–e00121.

 60. Chigutsa E, Visser ME, Swart EC, Denti P, Pushpakom S, Egan D, et al. 
The SLCO1B1 rs4149032 polymorphism is highly prevalent in South 
Africans and is associated with reduced rifampin concentrations: dos‑
ing implications. Antimicrob Agents Chemother. 2011;55(9):4122–7.

 61. Lawn SD, Wilkinson RJ, Lipman MC, Wood R. Immune reconstitution 
and “unmasking” of tuberculosis during antiretroviral therapy. Am J 
Respir Crit Care Med. 2008;177(7):680–5.

 62. Diacon A, Patientia R, Venter A, Van Helden P, Smith P, McIlleron H, 
et al. Early bactericidal activity of high‑dose rifampin in patients with 
pulmonary tuberculosis evidenced by positive sputum smears. Antimi‑
crob Agents Chemother. 2007;51(8):2994–6.

 63. McIlleron H, Rustomjee R, Vahedi M, Mthiyane T, Denti P, Connolly 
C, et al. Reduced antituberculosis drug concentrations in HIV‑
infected patients who are men or have low weight: implications 
for international dosing guidelines. Antimicrob Agents Chemother. 
2012;56(6):3232–8.

 64. Court R, Chirehwa MT, Wiesner L, Wright B, Smythe W, Kramer N, McIlleron 
H. Quality assurance of rifampicin‑containing fixed‑drug combinations in 
South Africa: dosing implications. Int J Tuberc Lung Dis. 2018;22(5):537–43.

 65. Health NDo. 2023 ART Clinical Guidelines for the Management of HIV 
in Adults, Pregnancy, Breastfeeding, Adolescents, Children, Infants and 
Neonates. 2023. [cited 2023 1/10/2023]. Available from: https:// knowl 
edgeh ub. health. gov. za/ system/ files/ elibd ownlo ads/ 2023‑ 07/ Natio 
nal% 20ART% 20Cli nical% 20Gui deline% 20AR% 204.5% 20202 30713% 
20Ver sion% 204% 20WEB. pdf.

 66. Manosuthi W, Chottanapand S, Thongyen S, Chaovavanich A, 
Sungkanuparph S. Survival rate and risk factors of mortality among 
HIV/tuberculosis‑coinfected patients with and without antiretroviral 
therapy. JAIDS J Acquir Immune Defic Syndr. 2006;43(1):42–6.

 67. Meintjes G, Lawn SD, Scano F, Maartens G, French MA, Worodria W, 
et al. Tuberculosis‑associated immune reconstitution inflammatory 
syndrome: case definitions for use in resource‑limited settings. Lancet 
Infect Dis. 2008;8(8):516–23.

 68. Saukkonen JJ, Cohn DL, Jasmer RM, Schenker S, Jereb JA, Nolan CM, 
et al. An official ATS statement: hepatotoxicity of antituberculosis 
therapy. Am J Respir Crit Care Med. 2006;174(8):935–52.

 69. Rizvi I, Malhotra HS, Garg RK, Kumar N, Uniyal R, Pandey S. Fluoroqui‑
nolones in the management of tuberculous meningitis: systematic 
review and meta‑analysis. J Infect. 2018;77(4):261–75.

 70. Niemi M, Backman JT, Fromm MF, Neuvonen PJ, Kivistö KT. Pharmacoki‑
netic interactions with rifampicin: clinical relevance. Clin Pharmacoki‑
net. 2003;42:819–50.

 71. Waitt C, Squire S. A systematic review of risk factors for death in 
adults during and after tuberculosis treatment. Int J Tuberc Lung Dis. 
2011;15(7):871–85.

 72. Straetemans M, Bierrenbach AL, Nagelkerke N, Glaziou P, van der Werf 
MJ. The effect of tuberculosis on mortality in HIV positive people: a 
meta‑analysis. PLoS One. 2010;5(12):e15241.

 73. Cresswell FV, Ellis J, Kagimu E, Bangdiwala AS, Okirwoth M, Mugumya 
G, et al. Standardized urine‑based tuberculosis (TB) screening with 
TB‑lipoarabinomannan and Xpert MTB/RIF Ultra in Ugandan adults with 
advanced human immunodeficiency virus disease and suspected menin‑
gitis. In: Open forum infectious diseases. Oxford University Press US; 2020.

 74. Atherton RR, Cresswell FV, Ellis J, Skipper C, Tadeo KK, Mugumya G, 
et al. Detection of Mycobacterium tuberculosis in urine by Xpert MTB/
RIF Ultra: a useful adjunctive diagnostic tool in HIV‑associated tubercu‑
losis. Int J Infect Dis. 2018;75:92–4.

https://www.westerncape.gov.za/site-page/provincial-tb-dashboard
https://www.westerncape.gov.za/site-page/provincial-tb-dashboard
https://knowledgehub.health.gov.za/system/files/elibdownloads/2023-04/National%252520TB%252520management%252520guidelines%2525202014.pdf
https://knowledgehub.health.gov.za/system/files/elibdownloads/2023-04/National%252520TB%252520management%252520guidelines%2525202014.pdf
https://knowledgehub.health.gov.za/system/files/elibdownloads/2023-04/National%252520TB%252520management%252520guidelines%2525202014.pdf
https://knowledgehub.health.gov.za/system/files/elibdownloads/2023-07/National%20ART%20Clinical%20Guideline%20AR%204.5%2020230713%20Version%204%20WEB.pdf
https://knowledgehub.health.gov.za/system/files/elibdownloads/2023-07/National%20ART%20Clinical%20Guideline%20AR%204.5%2020230713%20Version%204%20WEB.pdf
https://knowledgehub.health.gov.za/system/files/elibdownloads/2023-07/National%20ART%20Clinical%20Guideline%20AR%204.5%2020230713%20Version%204%20WEB.pdf
https://knowledgehub.health.gov.za/system/files/elibdownloads/2023-07/National%20ART%20Clinical%20Guideline%20AR%204.5%2020230713%20Version%204%20WEB.pdf


Page 23 of 23Namale et al. Trials          (2024) 25:311  

 75. Boyles TH, Griesel R, Stewart A, Mendelson M, Maartens G. Incremental 
yield and cost of urine Determine TB‑LAM and sputum induction in 
seriously ill adults with HIV. Int J Infect Dis. 2018;75:67–73.

 76. Fiorentino M, Nishimwe M, Protopopescu C, Iwuji C, Okesola N, Spire 
B, et al. Early ART initiation improves HIV status disclosure and social 
support in people living with HIV, linked to care within a universal test 
and treat program in rural South Africa (ANRS 12249 TasP Trial). AIDS 
Behavior. 2021;25:1306–22.

 77. Girum T, Yasin F, Wasie A, Shumbej T, Bekele F, Zeleke B. The effect of 
“universal test and treat” program on HIV treatment outcomes and 
patient survival among a cohort of adults taking antiretroviral treat‑
ment (ART) in low income settings of Gurage zone, South Ethiopia. 
AIDS Res Ther. 2020;17(1):1–9.

 78. Lanoix J‑P, Chaisson RE, Nuermberger EL. Shortening tuberculosis 
treatment with fluoroquinolones: lost in translation? Clin Infect Dis. 
2016;62(4):484–90.

 79. Williams KJ, Duncan K. Current strategies for identifying and validating 
targets for new treatment‑shortening drugs for TB. Curr Mol Med. 
2007;7(3):297–307.

 80. Johnson J, Hadad D, Boom W, Daley C, Peloquin C, Eisenach K, et al. 
Early and extended early bactericidal activity of levofloxacin, gatifloxa‑
cin and moxifloxacin in pulmonary tuberculosis. Int J Tuberc Lung Dis. 
2006;10(6):605–12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Testing novel strategies for patients hospitalised with HIV-associated disseminated tuberculosis (NewStrat-TB): protocol for a randomised controlled trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Administrative information
	Introduction
	Background and rationale {6a}
	Rationale for trial interventions
	Objectives {7}
	Trial design {8}

	Methods: participants, interventions and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent? {26a}
	Delayed consent
	Additional consent provisions for collection and use of participant data and biological specimens {26b}

	Interventions
	Explanation for the choice of comparators {6b}

	Interventions description {11a}
	Intervention 1: intensified tuberculosis treatment versus standard tuberculosis treatment
	Experimental arm: rifampicin dosing strategy

	Intervention 2: corticosteroids versus identical placebo
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}

	Relevant concomitant care permitted or prohibited during the trial {11d}
	Clinical management
	Antiretroviral therapy


	Cotrimoxazole prophylaxis
	Management of presumed paradoxical TB-IRIS
	Management of drug-induced liver injury (DILI)
	Management of isolated hyperbilirubinaemia
	Management of non-tuberculous mycobacterial (NTM) infections
	Rifampicin-resistant tuberculosis
	Isoniazid-resistant tuberculosis
	New onset seizures
	Concomitant medication
	Protease inhibitors

	Non-steroidal anti-inflammatory drugs (NSAIDs)
	Drugs that potentially prolong QT
	Provisions for post-trial care {30}
	Outcomes {12}
	Participant timeline {13}
	Study visits

	Loss to follow-up
	Sample size {14}
	Recruitment {15}
	Assignment of interventions: random allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation and storage of biological specimens for genetic or molecular analysis in this trial and future use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Primary endpoint analysis
	Secondary endpoint analyses
	Interim analyses {21b}
	Methods for additional analyses (e.g. subgroup analyses) {20b}
	Safety analyses
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant level data and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating centre and Trial Steering Committee {5d}

	Trial Steering Committee
	Composition of the Data Safety and Monitoring Board Committee, its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties {25}
	Dissemination plans {31a}
	Sub-studies

	Discussion
	Trial status
	Appendix: Delayed consent process
	Acknowledgements
	References


