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Rapid adoption of Xpert but hardly any RCTs

De Lange, Nature, 2013



Early proof 
of concept 
studies

Large scale 
evaluation 
studies: what is 
the diagnostic 
accuracy?

Demonstration and 
implementation 
studies: What is the 
technical feasibility? 
Impact on the short-
term patient 
outcomes like time-to 
-treatment initiation?

Diagnostic RCTs 
addressing long-
term patient 
outcomes

Public health 
impact and 
evidence for 
scale up, impact 
on prevalence

Position of RCTs in the Xpert evaluation pathway



Outline

• FIND demonstration study in Cape Town
• TB-NEAT Xpert RCT in Southern Africa
• XTEND roll-out study from South Africa
• Xpert roll-out study in Brazil
• RCT of Xpert for TB detection in Zimbabweans starting ART
• Other in progress RCTs that involve Xpert

• CIDRZ 1201 - Clinical Outcomes in HIV-Infected Adults & Children Using Xpert in 
Zambia

• STATIS (empirical treatment vs. Xpert in CD4<100)
• Xpert in the ICU
• XACT (Xpert used for active case finding)

• Summary and conclusions



Cape Town-component of FIND 
Demonstration study

Nicol et al., Union Conference, 2010
Boehme et al., Lancet, 2011

Population: 2522 patients with 
suspected TB from a clinic and a 
hospital in Cape Town
Intervention: Xpert + smear
Comparator: Smear
Outcome: Rates of diagnosis and 
treatment initiation



Cape Town-component of FIND 
Demonstration study

Nicol et al., Union Conference, 2010
Boehme et al., Lancet, 2011
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• Up to 40% of patients who test positive fail to 
return

Abu-Raddad et al., PNAS, 2009

Optimised microscopy

PCR-based testing in reference labs

Projected impact on incidence:

Point-of-care test

Squire et al., IJTLD, 2005
Botha et al., IJTLD, 2008 

• Xpert will never substitute for an accurate lateral flow 
assay, but does its far-patient placement undermine 
the potential of the most accurate and rapid test we 
currently have?

• Can a case be made for the rational placement of Xpert 
at the POC in well-resourced clinics within TB hotspots?



Endpoints
• Feasibility of Xpert by a nurse in the clinic vs. by technician 

in lab

• Time-to-diagnosis
• Rates of treatment initiation
• Differences in TB morbidity score (TBscore) and Karnofsky 

Performance Score between TB patients at 2 and 6 months

Patients with suspected 
pulmonary TB

Same-day microscopy 
and culture

Point-of-care 
Xpert and culture

Patient follow-up at 2 
and 6 months

Sputum collected for lab-based 
Xpert performed at study end

Chest radiography

Study staff did not initiate treatment. Patients 
were referred to clinic staff after testing.

Hypothesis: One Xpert performed by a nurse at the point-of-
care is feasible, will improve time-to-result, time-to-
treatment and TB morbidity amongst patients in primary care, 
compared to same-day microscopy.

Randomised on a 1:1 basis



Site characteristics

Gugulethu TB 
Clinic (Cape 
Town, South 

Africa)

Mabvuku 
Polyclinc 
(Harare, 

Zimbabwe)

Kanyama TB 
Clinic (Lusaka, 

Zambia)

St. Mary’s Day 
Clinic (Durban, 
South Africa)

Ifisi Day Clinic 
(Mbeya, 

Tanzania)

Overall P-value for 
comparisons 
across sites

Number of 
patients

419 400 400 200 83 1502 -

Age (IQR) 39 (31-49) 38 (32-45) 35 (30-41) 37 (30-50) 37 (31-54) 37 (30-46) <0.0001

Women (%) 160 (38) 215 (54) 131 (33) 96 (48) 41 (49) 643 (43) <0.0001
Previous TB (%) 178 (43) 67 (17) 85 (21) 52 (26) 2 (1) 384 (26) <0.0001

HIV Infected 133 (32) 324 (81) 268 (67) 121 (61) 49 (59) 895 (60) <0.0001

On ART at 
recruitment (%)

51/133 (38) 96/324 (30) 54/268 (20) 29/121 (24) 2/49 (4) 232/895 (26) 0.0010

Number of 
culture-positive 
patients (%)

74 (18) 77 (19) 152 (38) 35 (18) 29 (35) 367 (24) 0.0001



Clinic information

• Teams of two nurses each were placed at :
• Gugulethu TB Clinic (Cape Town, South Africa), Mabvuku Polyclinc (Harare, 

Zimbabwe), Kanyama TB Clinic (Lusaka, Zambia), St. Mary’s Day Clinic (Durban, 
South Africa), and Ifisi Day Clinic (Mbeya, Tanzania).

• Each had an attached microscopy lab (with the exception of Cape Town), DOTS 
treatment facility, and a dedicated space for Xpert

• Aside from security features and an IRB-required biosafety cabinet in Harare, no 
other infrastructure (e.g., power upgrades) were installed

• Nurses received one day of technical training 
• Unannounced inspections by technicians were conducted ≥1 per month, and user 

appraisals were regularly performed



Kanyama TB clinic, Lusaka.St. Mary’s Clinic, Durban.Gugulethu Clinic, Cape Town.



Study profile



Feasibility of nurse-performed Xpert at the 
point-of-care

At recruitment At study close
Smear microscopy Point-of-care Xpert Lab-based Xpert

Sensitivity Specificity Sensitivity Specificity Failure rate Sensitivity Specificity Failure rate

Overall
50%

(42.9, 57.2) 
91/182

96.5%
(94.6, 97.7) 

540/560

83.3%
(77.2, 88) 
154/185

95.1%
(92.9, 96.6) 

517/544

Before 
repeat: 4.7% 

(34/730)
After repeat:
0.2% (1/730)

83.2%
(79, 86.8) 
292/351

91.9%
(90, 93.4) 
952/1037

Before 
repeat: 5.9% 

(82/1411)
After repeat:
2% (27/1409)

Kappa = 0.69 (“substantial agreement”)



Time-to-diagnosis
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Days to result

154/185 TB cases detected by Xpert by day 56

91/182 TB-cases detected by microscopy by
day 56

366/1502 patients culture-positive by day 56

Microscopy

Xpert

Culture



Time-to-treatment in culture-positive patients
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152/182 (84%) in the microscopy arm on treatment

169/185 (91%) in the Xpert arm on treatment

p=0.0234
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s • Xpert reduced culture-positive 
drop-out from 16% to 9%

• Median time-to-treatment was 
2 days in the microscopy arm 
versus 1 day in the Xpert arm 
(p=0.0004)

• Culture had little diagnostic 
utility :

• 6% of culture-positive patients 
where initiated based on their 
culture-result (10/182 in smear 
arm, and 9/185 in Xpert arm) 

Microscopy
Xpert



What is the role of empirical treatment?

• The proportion of patients treated empirically was less in the Xpert arm (17% vs. 
26%; p<0.0001)

• Empirical treatment was rapid (3 days in either arm)
• 70% of smear-negative TB cases were detected by Xpert at the study end, yet 

93% of these were treated rapidly on empirical grounds anyway
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1 9 17 25 33 41 49
Days to treatment initiation

317/758 (42%) in microscopy 
arm on treatment

320/744 (43%) in the Xpert 
arm on treatment

p=0.64

Microscopy
Xpert

Solid colours: 
treated due to a 
positive 
bacteriological test

Hatched colours: 
treated empirically

(All patients irrespective of 
culture status)

No overall 
differences 
after 9 days



The “appropriateness” of empirical treatment 
did not change

versus a single 
culture

Specificity (%)
(95 CI)

Empirical 
treatment in the 
microscopy arm

74.15
(70.05, 77.78) 

416/561

Empirical 
treatment in the 
Xpert arm

78.35
(74.89, 81.80)

427/545

• Although there is overall less empirical treatment with Xpert (due to 
more patients receiving a rapid bacteriological diagnosis) :

• A similar number of “false-negative” empirical treatment decisions occurred in 
either arm: 26% of culture-negatives in smear arm vs. 22% in Xpert arm

p=0.1013



TB-related morbidity 



TB-related morbidity 

TBscore Karnofsky performance score
Microscopy Xpert P-value Microscopy Xpert P-value

Baseline
(n=153 and 
n=168 in each 
arm)

5 (4-7) 5 (4-7) 0.56 70 (60-80) 70 (57.5-90) 0.89

Two month 
follow-up

(87/153 and 
108/168 in each 
arm; p=0.17)

2 (0-3) 2 (0.25-3) 0.85 80 (70-90) 90 (80-90) 0.23

Six month follow-
up

(81/153 and 
97/168 in each 
arm; p=0.39)

1 (0-3) 1 (0-3) 0.35 100 (90-100) 100 (90-100) 0.85



Challenges in the TB-NEAT RCT

May 2010
End of 
recruitment: 
March 2012

End of follow-up:
October 2012

Study 
progress:

Study design 
& protocol 
development
June 2010 Ethics 

approval
Oct 2010

Recruitment begins
Feb 2011

Evaluation study
NEJM Sept 2010

Demo study
Lancet April 2011

WHO 
endorsement
Dec 2010

SA DOH 
implementation
plan March 2011

Phased rolled out 
of Xpert in 
Klipfontein
district by DoH in 
Jan 2012 Scientific relevance: 4 Xpert publications per month!

Hiring of staff, rooms 
in clinics available

Publication in October 
2013



Non-TB TB

Pre-Xpert

Non-TB TB

Xpert

Variable threshold for 
empirical treatment

Treated 
empirically

Not 
treated 

empirically

Factors increasing the empiric treatment 
threshold (less patients treated empirically):
1. Low prevalence of TB
2. Few symptoms 
3. HIV uninfected
4. Clear chest radiograph
5. Availability of alternative diagnostics (e.g., 

radiography, culture)
6. Inability to collect a good quality 

specimen (e.g., sputum scarce TB)

Factors lowering the empiric treatment 
threshold (more patients treated empirically):
1. High prevalence of TB
2. Many or severe symptoms 
3. HIV-infection
4. Chest radiograph suggestive of active TB
5. Unstable vitals
6. Lack of antibiotic response
7. High likelihood of once-off patient 

encounter
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Xpert implementation can change the threshold for 
empirical treatment initiation:

Solid circle = test positive

Xpert will reduce “false-positive treatment of people without TB and 
increase “true-positive” treatment

Xpert will increase “false-positive” treatment of people without TB 
and increase “true-positive” treatment

Xpert will not change the levels of “false-positive” treatment but 
increase “true-positive” treatment

Is Xpert merely displacing true-positive (and 
frequently rapid) empirical treatment in high 
burden settings?



Limitations of the TB-NEAT Xpert RCT

• This was a short-term study in Southern Africa amongst TB suspects 
that needs to be viewed in the context of high burden settings with 
high rates of empirical treatment. Xpert in different populations will 
have a different effect.

• Programmatic monitoring, machine maintenance, and the task 
shifting implications of POC Xpert placement are important, but were 
outside the scope of this trial. Most sites in Africa have POC 
microscopy available, however.

• CXRs were available to study clinicians. Although it is not standard-of-
care everywhere, it is recommended by the WHO for the diagnosis of 
smear-negative TB.
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• A pragmatic, cluster-randomized 
trial was embedded within the 
Xpert South African national roll 
out to evaluate patient and 
programme relevant outcomes 

• Primary objective: Effect of Xpert 
implementation on mortality 
among adults investigated for TB 



Churchyard et al., CROI, 2014



Churchyard et al., CROI, 2014



Churchyard et al., CROI, 2014



Churchyard et al., CROI, 2014



Churchyard et al., CROI, 2014

• Overall, 29% of 
patients were 
placed on 
treatment on 
empirical grounds 
in the absence of a 
positive 
microbiological test
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Durovni et al., Xpert Global Implementers’ Meeting, 2013

Primary endpoint: Impact of Xpert 
implementation on pulmonary TB 
case detection 

Control data: From routine microscopy performed during baseline
Intervention: Introduction of Xpert as microscopy replacement

Each cluster transfers to 
intervention, but at 
different times



• Did the number of patients 
placed on treatment change?
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• Similar time to 
treatment (5 vs. 
8 days; p=0.23)

• Similar 
proportion of 
patients in each 
arm initiated on 
treatment 
empirically (54 
vs. 69%; p=0.12) 
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Some unpublished and in progress RCTs 
involving Xpert
• CIDRZ 1201 - Optimizing Clinical Outcomes in HIV-Infected Adults & 

Children Using Xpert in Zambia
• Per-patient parallel arm RCT of Xpert versus smear
• Primary endpoint: Proportion of adults and children receiving treatment

• STATIS - Systematic Empirical vs. Test-guided Anti-TB Treatment 
Impact in Severely Immunosuppressed HIV-infected Adults Initiating 
ART With CD4 Cell Counts <100

• Four site parallel arm RCT of intensive screening (Xpert, LAM, CXR) versus 
upfront empirical treatment

• Primary endpoint: All-cause mortality and incidence of invasive bacterial 
infections



Some unpublished and in progress RCTs 
involving Xpert
• Xpert ICU – Effect of Xpert on all-cause mortality in the intensive care 

unit
• Two arm RCT of Xpert + culture vs. smear + culture in any patient suspected 

of TB in the ICU of a hospital in Cape Town
• Primary endpoint: All-cause mortality

• XACT - The Utility of Intensified Case Finding Combined With a 
Package of Novel TB Diagnostics Using a Mobile Clinic in Africa

• Two arm active case finding RCT of testing  in a van (Xpert, LAM) versus Xpert 
provided at a clinic

• Primary endpoint: Proportion of TB patients completing treatment



Outline

• FIND demonstration study in Cape Town
• TB-NEAT Xpert RCT in Southern Africa
• XTEND roll-out study from South Africa
• Xpert roll-out study in Brazil
• RCT of Xpert for TB detection in Zimbabweans starting ART
• Other in progress RCTs that involve Xpert

• CIDRZ 1201 - Clinical Outcomes in HIV-Infected Adults & Children Using Xpert in 
Zambia

• STATIS (empirical treatment vs. Xpert in CD4<100)
• Xpert in the ICU
• XACT (Xpert used for active case finding)

• Summary and conclusions



Lessons learnt and concluding thoughts
• Project management is paramount
• Xpert improves diagnosis, time-to-

treatment, and drop-out
• Do you think the results of the TB-NEAT 

and XTEND studies will stop any countries 
rolling out Xpert?

• The path to cure is complex – can a simple 
test really be a panacea for broad
healthcare systems problems? What happens after diagnosis in outcome-
based trials is as important.

• What needs to change in your setting to get maximum benefit from a test?



Thank you! 
TB-NEAT study team

Field team
Cape Town: M Pretorius, M Pascoe, B 
Soetwater, 
M Wyngard, L Pool
Harare: MM Chipiti and P Kaguru
Lusaka: C Viny, M Kasonde, L Manjeta
Durban: T Mthiyane, N Ntshuba, S Gumede, 
T Mvuyane, P Mbambo.
Mbeya: C Mangu, F Kayombo, A Temihanga, 
M Kimaro, B Mnyanyi, I Mgogo, B Ambukege, 
T Sanga

Laboratory team 
Cape Town: R Meldau, V Woodburne, P Hope
Harare: B Gwambiwa, F Makoga, B 
Makamure, J Mhaka
Lusaka: J Mzyece 
Durban:  F Madaar
Mbeya: F Kayombo, H Mbilinyi, G. Rojas-
Ponce, D Mapamba, C Lueer, A Bauer, L 
Njovu

Data team: 
Cape Town: D Cogill, V Louw
Harare: T Pswarayi
Lusaka: V Kapotwe

Keertan Dheda

Madhu Pai

Gavin Churchyard

Bettina Durovni



Test-treatment pathway

DiRuffano et al., BMJ, 2012

El-Hajj 2001
Helb 2010
Blakemore 2012

Boehme NEJM 2010

Boehme Lancet 2011

Brazil implementation study
TB-NEAT (Theron, Lancet, 2013) 
XTEND
Mupfumi Open Forum ID 2014
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